
11

Communicating via Infrared Using
Sockets

Chapter 10 introduced sockets as way to access upper layer

protocols through consistent modular programming interface

Programming the IR port is great place to start using sockets To

program the IR port at level different from IRCOMM we need to

access IrDA protocols implemented by Symbian OS This is done

using sockets and this chapter will demonstrate the concepts we

developed in Chapter 10 via this kind of 1k port communication

We will start by reviewing the IrDA protocols that are available

for use and their properties We will then overview definitions

Symbian OS has constructed for these protocols Then we will look

at socket programming through the IR port we will see the stages

we saw in Chapter 10 from two sidesthe sender side which will

look like client and the receiver side which will look like

server

11.1 Quick Protocol Review

Back in Chapter we discussed the protocols that have been

developed for using the IR port Along with the IRCOMM protocols

there are three protocols that are useful for user applications

IrMUX This protocol implements datagram-based communi

cation channel between devices IrMUX connections reflect the

properties of datagram-based connections unreliable data com
munication that does not rely on acknowledgement Multiple

IrMUX connections can coexist over single IR port

T1nyTP This protocol implements reliable connected channel

between devices It uses error control to detect problems and
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• Sockets 

Chapter 10 introduced sockets as a way to access upper layer 
protocols through a consistent, modular programming interface. 
Programming the IR port is a great place to start using sockets. To 
program the IR port at a level different from IRCOMM, we need to 
access lrDA protocols implemented by Symbian OS. This is done 
using sockets, and this chapter will demonstrate the concepts we 
developed in Chapter 10 via this kind of IR port communication. 

We will start by reviewing the lrDA protocols that are available 
for use and their properties. We will then overview definitions 
Symbian OS has constructed for these protocols. Then we will look 
at socket programming through the IR port: we will see the stages 
we saw in Chapter 10 from two sides-the sender side, which will 
look like a client, and the receiver side, which will look like a 
server. 

11.1 A Quick Protocol Review 

Back in Chapter 4, we discussed the protocols that have been 
developed for using the IR port. Along with the IRCOMM protocols, 
there are three protocols that are useful for user applications: 

• lrMUX: This protocol implements a datagram-based communi­
cation channel between devices. lrMUX connections reflect the 
properties of datagram-based connections: unreliable data com­
munication that does not rely on acknowledgement. Multiple 
lrMUX connections can coexist over a single IR port. 

• TinyTP: This protocol implements a reliable connected channel 
between devices. It uses error control to detect problems and 
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196 COMMUNICATING VIA INFRARED USING SOCKETS

maintains connection between endpoints until data exchange
is completed Multiple TinyTP connections can coexist over the

same IR port

IrTranP This protocol implements TinyTP connection for the

exchange of digital images for example with digital cameras

In addition to these protocols we mentioned the ASthe Informa

tion Access Servicethat acts as service database for the IR-based

device

Before we embark on this tour of IrDA sockets think it is appro

priate to ask the question why Why complicate communications

when IRCOMM is relatively simple has relatively low overhead

and mimics other well-understood protocols The answer is that

these upper level protocols provide functionality that IRCOMM
does not error control flow control and the multiplexing of IR

services by multiple applications through the same port By using

datagrams to implement data transfer these protocols can be faster

more error free and can share the IR port in ways IRCOMM was

not designed to implement

11.2 System Definitions for IrDA

11.2.1 Addressing Definitions

To use IrDA sockets we need set of system definitions These

definitions clarify the general system concept of socket and focus

specification on IrDA

The sockets we will be using will be created using addresses from

the KlrdaAddrFamily group and have the properties specified by

the TlrdaSockAddr class IrDA addresses are integers but there

are other characteristics that are associated with IrDA devices that

identify them These are grouped in the SlrdaAddr structure

struct SlrdaAddr

Ttjint iHostflevAddr

Tuint RemoteflevAddr
TBool iSniff
TBool iSolicited
TUint8 ilriapVersion
TUint8 iFirstServiceHintByte
TUintS iSecondServiceHintByte
TUint8 iCharacterSet
TUint8 iServiceHintByteCount
TUintS iHomePort
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maintains a connection between endpoints until data exchange 
is completed. Multiple TinyTP connections can coexist over the 
same IR port. 

• lrTranP: This protocol implements a TinyTP connection for the 
exchange of digital images, for example, with digital cameras. 

In addition to these protocols, we mentioned the IAS- the Informa­
tion Access Service-that acts as a service database for the IR-based 
device. 

Before we embark on this tour of lrDA sockets, I think it is appro­
priate to ask the question " why?" . Why complicate communications 
when IRCOMM is relatively simple, has relatively low overhead, 
and mimics other, well-understood protocols? The answer is that 
these upper level protocols provide functionality that IRCOMM 
does not: error control, flow control, and the multiplexing of IR 
services by multiple applications through the same port. By using 
datagrams to implement data transfer, these protocols can be faster, 
more error free, and can share the IR port in ways IRCOMM was 
not designed to implement. 

11.2 System Definitions for lrDA 

11.2.1 Addressing Definitions 

To use lrDA sockets, we need a set of system definitions. These 
definitions clarify the general system concept of a socket and focus 
specification on lrDA. 

The sockets we will be using w ill be created using addresses from 
the KirdaAddr Fa mily group and have the properties specified by 
the TirdaSock.Addr class. lrDA addresses are integers, but there 
are other characteristics that are associated with lrDA devices that 
identify them. These are grouped in the SirdaAddr structure: 

struct SirdaAdd r 

TUint iHostDevAddr; 
TUi nt iRemoteDevAddr ; 
TBool iSniff ; 
TBool iSolicited; 
TUint8 iirlapVersion; 
TUint8 i F i rstServi ceHi ntByte; 
TUint8 iSecondServi ceHintByte; 
TUi nt8 iCharac t e rSet; 
TUint8 iServiceHintByteCount; 
TUint8 iHomePort ; 
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TUint8 iRemotePort
TUint8 iSpare

From this structure we can see the two integer device addresses

local and remote The jSnjff variable tells whether the device

is capable of sniffing or discovering other devics The iSo
licited variable tells whether the device at this address initiated

the connection or was solicited by another for the connection

Of the other variables the service hint bytes in iFirstSer

viceHintByte and iSecondServiceHintEyte are of interest

These bytes depict the level of IrLMP support we can expect from

the device at this address Together these bytes form bits whose

value specifies what services are available Finally there are two

integers denoting the ports on which the services are identified

These allow multiplexing of data streams over the same connection

by tying an identifying integer the port number onto each data

stream

Service Hints

The service hint bytes contain IrLMP support information

There are twelve different services supported in version 6.1 of

Svrnbian OS These are detailed in the file \Epoc32\include\
irsock Examine this file and look for the service definitions

in the section labeled EXPORTED cONSTANTS Service

support definitions in this file are masks such as KIrPnPMask
that are ORed togeiher for example KIrPnPMask

KIrFaxMask KIrModemMask to represent the set of

services provided by devices lR support

11.2.2 IrDA Socket Options

There are several options that can be read or set for IrDA sockets

Of immediate interest are two of these

conet TUint KUnexpeditedlJataOpt

const TUint KExpeditedDataOpt

These values determine the urgency of data written to socket

Unexpedited sending is the default expedited sending must be

specifically set on the socket if it is to be used Expedited sending

of data implies the data is important and the data packets are

given priority over others that go out over the IR connection see

section 11.11

} ; 
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TUint8 iRematePart; 
TUintB iSpare; 
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From this structure, we can see the two integer device addresses: 
local and remote. The iSniff variable tells whether the device 
is capable of "sniffing" or discovering other devices. The iSo­
lici ted variable tells whether the device at this address initiated 
the connection or was solicited by another for the connection. 
Of the other variables, the service hint bytes in iFirstSer­
viceHintByte and iSecondServiceHintByte are of interest. 
These bytes depict the level of lrLMP support we can expect from 
the device at this address. Together, these bytes form 16 bits whose 
value specifies what services are available. Finally, there are two 
integers denoting the ports on which the services are identified. 
These allow multiplexing of data streams over the same connection 
by tying an identifying integer (the port number) onto each data 
stream. 

11.2.2 lrDA Socket Options 

There are several options that can be read or set for lrDA sockets. 
Of immediate interest are two of these: 

canst TUint KUnexpedi tedDataOpt 
canst TUint KExpeditedDataOpt 

0; 

1; 

These values determine the urgency of data written to a socket. 
Unexpedited sending is the default; expedited sending must be 
specifically set on the socket if it is to be used. Expedited sending 
of data implies the data is important, and the data packets are 
given priority over others that go out over the IR connection (see 
section 11.11 ). 
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11.3 Initializing the Socket Server Connection

The first step in connecting two devices over IR is system initializa

tion For IrDA this means connecting to the socket server

Connecting to the socket server is simple operation We need

to have an instance of the RSocketServ class and we need to

call its Connect function We also need to nudge it to load the

protocol we will be using
The TodoX example uses TinyTP to transport data From the

TodoX code socket server connection looks like

// Load the physical and logical device drivers

result User LoadPhysicalDevice PUn NAME
if result KErrNone result KErrAlreadyExists

User Leave result
result User LoadLogicalDevice LDD NAME
if result KErrNone result KErrAlreadyExists

User Leave result

// Start comm server if necessary
result StartC32
if result KErrNone result KErrAlreadyExists

User Leave result

// Connect to the socket server

result socksvr.ConnectO
User LeavelfErrorresult

// Load the protocol TinyTP

result socksvr.NumProtocolsnProtocols
User LeavelfErrorresult
result socksvr FindProtocol _L IrTinyTP protocollnfo
User LeavelfErrorresult

First note that we still had to load the physical and logical device

drivers Even though we are not directly interfacing with them they

will be used by the rDA protocol stack Second note the way we
load the IrTinyTP protocol module We tell the socket server to

11.3 
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Initializing the Socket Server Connection 

The first step in connecting two devices over IR is system initializa­
tion. For lrDA, this means,connecting to the socket server. 

Connecting to the socket server is a simple operation. We need 
to have an instance of the RSocketServ class, and we need to 
call its Connect () function. We also need to nudge it to load the 
protocol we will be using. 

The TodoX example uses TinyTP to transport data. From the 
TodoX code, socket server connection looks like 

II Load the physical and logical device drivers 
result= User::LoadPhysicalDevice(PDD_NAME); 
if (result != KErrNone && result != KErrAlreadyExists) 

User: :Leave(result); 
result= User: :LoadLogicalDevice(LDD_NAME); 
if (result != KErrNone && result != KErrAlreadyExists ) 

User: :Leave(result); 

II Start comm server if necessary 
result= StartC32(); 
if (result != KErrNone && result != KErrAlreadyExists ) 

User: :Leave(result}; 

II Connect to the socket server 
result= socksvr.Connect(); 
User::LeaveifError(result); 

II Load the protocol: TinyTP 
result= socksvr.NumProtocols(nProtocols ); 
User::Leav eifError(result); 
result= socksvr. FindProtocol.(_L ( "IrTinyTP" ), protocol Info); 
User::LeaveifError(resul t); 

First, note that we still had to load the physical and logical device 
drivers. Even though we are not directly interfacing with them, they 
will be used by the lrDA protocol stack. Second, note the way we 
load the IrTinyTP protocol module. We tell the socket server to 
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find the protocol which forces it to load the right module if it is

not present This function call also fills in the information about
the protocol we were looking for in the variable protocollnfo
which we will use later in socket calls We could have looked for

IrMtJX which would have given us socket that used IrMUX

11.4 Opening the Socket

Opening the socket is straightforwarda call to OpenL in the

RSocket class We must specify what kind of protocol we want
but this was derived for us when we looked up the protocol module

and loaded it

In the TodoX example we define new openL function as

follows

TBool TodoXferlRSocket OpenL

TInt result

result sock.Opensocksvr protocollnfo iAddrFamily
protocollnfo.iSockType protocollnfo.iProtocol

User LeavelfErrorresult

return true

We use information stored in protocollnfo that we derived

previously to give us information about address family socket type
and protocol These parameters are all derived from the fact that we

chose the TinyTP protocol as the method for socket communication

11.5 Configuring the Socket Device Discovery

Configuring socket is different than configuring device With

serial communications we had real hardware device with which

to work With socket programming we have software socket

abstraction and layers of protocol with which to work

With IrDA sockets configuration means device discovery We
need to force the device we are working with to look for other

IR devices that can be sending or receiving the data we expect

We did not need to do this for serial communication because

there was only one device on the other side and we did not care

what its address was Symbian OS implements device discovery
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find the protocol, which forces it to load the right module if it is 
not present. This function call also fills in the information about 
the protocol we were looking for in the variable protocolinfo, 

which we will use later in socket calls. We could have looked for 
"IrMUX", which would have given us a socket that used lrMUX. 

11.4 Opening the Socket 

Opening the socket is straightforward-a call to OpenL () in the 
RSocket class. We must specify what kind of protocol we want, 
but this was derived for us when we looked up the protocol module 
and loaded it. 

In the TodoX example, we define a new OpenL () function as 
follows: 

TBool TodoXferIRSocket: :OpenL() 

Tint result; 

result= sock.Open(socksvr, protocolinfo.iAddrFamily, 
protocolinfo.iSockType, protocolinfo.iProtocol); 

User::LeaveifError(result) ; 

return true; 

We use information stored in protocolinfo that we derived 
previously to give us information about address family, socket type, 
and protocol. These parameters are all derived from the fact that we 
chose the TinyTP protocol as the method for socket communication. 

11 .5 Configuring the Socket: Device Discovery 

Configuring a socket is different than configuring a device. With 
serial communications, we had a real hardware device with which 
to work. With socket programming, we have a software socket 
abstraction and layers of protocol with which to work. 

With lrDA sockets, configuration means device discovery. We 
need to force the device we are working with to look for other 
IR devices that can be sending or receiving the data we expect. 
We did not need to do this for serial communication, because 
there was only one device on the other side, and we did not care 
what its "address" was. Symbian OS implements device discovery 
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through the name resolution interface using an instance of the

RHostResolver class and its GetName function

In the TodoX example device discovery is implemented in the

Configure function

void TodoXferlRsoCket Configure

TInt result
THostName hostname

TPckgBufTUint buf

sock.SetOpt KDiscoverySlotsOpt KLevellrlapbuf

result resolver.GetByNamehostnameiHostEnt
resolver.Close
User LeavelfErrorresult

addr TlrdaSockAddriHostEnt .iAddr

Notice that we had to set up the socket to do device discovery

using the IrLAP protocol through the setOpt function call

Using one-element array we set up discovery to have single

slot i.e we will be looking for one device Further note that the

GetByName function chose to use is the synchronous form

Using the asynchronous form would mean that this should be part

of the active object implementation in RunL

After the call to configure completes successfully device

discovery has been performed and we have compatible device

that might be willing to connect Note that at the end of the

Configure function the address of the remote device is derived

from the TNameEntry object using iHostEnt We can derive

bit more information from this address as seen from the functions

below taken from the TlrdaSockAddr class

TUint GetRemoteDevAddr const
TUint GetHostDevAddr const
TBool GetSniff5tatus const
TBool GetSolicitedStatus const
TUintS GetlrlapVersion const
TUintB GetCharacterSet const
TUint8 GetFrstServiceHintByte const
TUintB GetSecondServiceHintByte const
TUint8 GetServiceHintByteCount const
TUintS GetHomePort const
TUint8 GetRemotePort const

These are self-explanatory and correspond to the SlrdaAddr struc

ture we discussed earlier Since that structure is private in the
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through the name resolution interface, using an instance of the 
RHostResol ver class and its GetName () function. 

In the TodoX example, device discovery is implemented in the 
• Configure () fµnction: 

void TodoXferIRSocket: : Configure() 

{ 
Tint result; 
THostName hostname; 

TPckgBuf<TUint> buf(l); 
sock . SetOpt(KDiscoverySlotsOpt,KLevelirlap,buf); 

result= resolver.GetByName(hostname,iHostEnt); 
resolver. Close () ; ,_ 
User: :LeaveifErrar(result); 

addr = TirdaSackAddr(iHastEnt() .iAddr); 

Notice that we had to set up the socket to do device discovery 
using the lrLAP protocol through the SetOpt () function call. 
Using a one-element array, we set up discovery to have a single 
slot, i.e., we will be looking for one device. Further, note that the 
GetByName () function I chose to use is the synchronous form. 
Using the asynchronous form would mean that this should be part 
of the active object implementation (in RunL () ). 

After the tall to Configure () completes successfully, device 
discovery has been performed and we have a compatible device 
that might be willing to connect. Note that at the end of the 
Configure () function, the address of the remote device is derived 
from the TNameEntry object using iHostEnt (). We can derive 
a bit more information from this address, as seen from the functions 
below taken from the TirdaSockAddr class: 

TUint GetRemoteDevAddr() canst; 
TUint GetHastDevAddr() canst; 
TBaal GetSniffStatus() canst ; 
TBoal GetSalicitedStatus() canst; 
TUintB GetirlapVersion l) canst; 
TUintB GetCharacterSet() canst; 
TUintB GetFirstServiceHintByte() canst; 
TUintB GetSecandServi ceHintByte() canst; 
TUintB GetServiceHintByteCaunt() canst; 
TUint B GetHorriePort () canst; 
TUintB GetRemotePort() canst; 

These are self-explanatory and correspond to the SirdaAddr struc­
ture we discussed earlier. Since that structure is private in the 
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TlrdaSockAddr class these functions are the only way to get at

this information

data receiver will not do device discovery It is not the dis

coverer it must be discovered In Chapter 10 we discussed this

type of situation The data receiver is server and must configure

itself to listen for connection from data sender The server will

configure the socket by binding the socket locally setting up
listening queue on the socket and opening second socket to

connect to the incoming connection In the TodoX example this

looks like

void TodoXferlRSocket ConfigureReceiver

TInt result
THostName hostname

// Create the listener socket

iListener.Opensocksvr protocollnfo iAddrFamily
protocollnfo isockType protocollnfo iProtocol

addr.SetPortKlRPortNumber
iListener.Bindaddr
iListener Listen

// Create blank socket for later
iServiceSocket .Opensocksvr protocollnfo iAddrFamily

protocollnfo isockType protocollnfo iProtocol

11.6 Exchanging Data

Now we have created socket and either discovered device

that is waiting for connection or fielded connection request
and responded We must engage in the protocol phases we have

outlined in previous chapters initiate the protocol exchange data
and terminate the protocol

We should use active objects to exploit the asynchronous nature

of the I/O functions we will be using For these active objects

the fact that we are using sockets will add some states to the state

diagrams that we constructed for serial communication For sockets

we added some new steps to the connection process we added

an asynchronous call to Connect function for senders/clients

and call to Accept for receivers/servers This changes our state

diagram we need an initial connect or accept state For the TodoX

example Figure 11 .1 shows the new state diagram for senders

adding new SEC state
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TirdaSockAddr class, these functions are the only way to get at 
this information. 

A data receiver will not do device discovery. It is not the dis­
coveter; it must be discovered. In Chapter 10, we discussed this 
type of situation. The data receiver is a server and must configure 
itself to listen for a connection from a data sender. The server will 
configure the socket by binding the socket locally, setting up a 
listening queue on the socket, and opening a second socket to 
connect to the incoming connection. In the TodoX example, this 
looks like 

void TodoXferIRSocket: : Conf igureReceiver() 
{ 

Tint result; 
THostName h ostname; 

II Create the listener socket 
iListener.Open (socksvr, p r o tocolinfo.iAddrFamily, 

protocolinfo . iSockType, protocolinfo.iProtocol); 
addr.SetPort (KIRPortNumber); 
iLis t ener . Bind(addr); 
iListener .List en(5); 

II Create a blank socket for later 
iServiceSocket. Open(socksvr, protocolinfo.iAddrFamily, 

protocolinfo.iSockType, protocolinfo.iProtocol ); 

11.6 Exchanging Data 

Now we have created a socket and either discovered a device 
that is waiting for a connection or fielded a connection request 
and responded. We must engage in the protocol phases we have 
outlined in previous chapters: initiate the protocol, exchange data, 
and terminate the protocol. 

We should use active objects to exploit the asynchronous nature 
of the 1/0 functions we will be .using. For these active objects, 
the fact that we are using sockets will add some states to the state 
diagrams that we constructed for serial communication. For sockets, • 
we added some new steps to the connection process: we added 
an asynchronous call to a Connect () function for senders/clients 
and a call to Accept () for receivers/servers. This changes our state 
diagram; we need an initial connect or accept state. For the Todox 
example, Figure 11.1 shows the new state diagram for senders, 
adding a new SEC state. 
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SEC

TIMEOUT

Recv OK else

priority
else

Recv OK

due
dateeise

SError

Recv OK
else

SXs3 item text

ST2 Recv OK

Figure 11.1 New TodoX state diagram

11.6.1 Initiating the Protocol

For socket-based communication initiating the data exchange pro
tocol means connecting the socket to the remote device in addition

to sending initial protocol synchronization data For the TodoX

example we must connect channel then send our Ready
string We start by connecting to port on the remote device Recall

that port number is used to identify the data stream that is being

serviced by specific remote process We identify which port we
are binding to assuming the receiver is bindingto the same port on
its side

The Sendltem function from the TodoXferlRSocket class

in the TodoX example illustrates the sender sequence nicely
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TIMEOUT 

"Ready" 

Recv "OK" else 

~pnorlty ~ else 

Recv "OK"_y • 

&due date __Q___elsa 

Recv"OK"_y 

e-ltemtexl 

else 
Recv "DONE" 

e"GOODBYE" 

& Recv"OK" 

Figure 11.1 New TodoX state diagram. 

11.6.1 Initiating the Protocol 
For socket-based communication, initiating the data exchange pro­
tocol means connecting the socket to the remote device in addition 
to sending initial protocol synchronization data. For the Todox 
example, we must connect a channel, then . send our " Ready" 
string. We start by connecting to a port on the remote device. Recall 
that a port number is used to identify the data stream that is being 
serviced by a specific remote process. We identify which port we 
are binding to, assuming the receiver is binding to the same port on 
its side. 

The Senditem () function from the TodoXferIRSocket class 
in the TodoX .:xample illustrates the sender sequence nicely: 
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void TodoXferlRsocket SendltemCAgnEiitry aEntry

iEntry aEntry

CParaFormatLayer iparaFormatLayer
CParaFormatLayer NewLO

CCharFormatLayer iCharFormatLayer
CCharFormatLayer NewLO

// Get to-do item information
iTodoltem CAgnTodo NewLiParaFormatLayer

iCharFormatLayer
iTodoltem CAgnTodo aEntry-CastToTodoO
priority iTodoltem-Priority
duedate iTodoItem-DueDate

// Set up the address and connect

eddr.SetPortKlRportNurtber
sock Connect addrstatus

iSendingstste SEC
SetActive

This looks lot like the code from the active objects we used

to implement serial communication The difference is that now

we engage an initial connection step prior to diving into the data

exchange
On the receiver side we must start with call to

Accept and wait for sender The Receiveltem function

in the TodoXferlRSocket class from the TodoX example

implements this

void TodoXferlRSocket Receiveltem

CParaFormatLayer iparaFormatLayer
CParaFormatLayer NewLO

CCharFormatLayer iCharFormatLayer
CCharFormatLayer NewL

iTodoltem CAgnTodo NewLiParaFormatLayer
iCharFormatLayer

iListener.Accept sock status

iReceivingState REA
SetActive

Once we have connected and completed the Accept call the

active objects RunL function is called and we can enter into the
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void TodoXferIRSocket: :Senditem(CAgnEntry *aEntry) 

iEntry = aEntry; 

CParaFormatLayer *iParaFormatLayer 
CParaFormatLayer: :NewL(); 

CCharFormatLayer *iCharFormatLayer 
CCharFormatLayer: :NewL(l; 

II Get to-do item information 
iTodoitem = CAgnTodo: :NewL(iParaFormatLayer, 

iCharFormatLayer); 
iTodoitem = (CAgnTodo *) (aEntry->CastToTodo( )) ; 
priority= iTodoitem->Priority(); 
duedate = iTodoitem->DueDate(); 

II Set up the address and connect 
addr.SetPort(KIRPortNumber); 
sock.Connect(addr,status); 

iSendingState = SEC; 
SetActive(); 
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This looks a lot like the code from the active objects we used 
to implement serial communication. The difference is that now 
we engage an initial connection step prior to diving into the data 
exchange. 

On the receiver side, we must start with a call to 
Accept () and wait for a sender. The Recei veitem () function 
in the TodoXf erIRSocket class from the TodoX example 
implements this: 

void TodoXferIRSocket : :Receiveitem() 
{ 

CParaFormatLayer *iParaFormatLayer 
CParaFormatLayer::NewL(); 

CCharFormatLayer *iCharFormatLayer 
CCharFormatLayer: :NewL() ; 

i Todoitem = CAgnTodo : : NewL ( iParaFormatLayer, 
iCharFormatLayer); 

iListener.Accept(sock,status); 

iReceivingState = REA; 
SetActive(); 

Once we have connected and completed the Accept () call, the · 
active object's RunL () function is called, and we can enter into the 
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data exchange as we did with the serial active object implementa
tion For the TodoX sender this fragment of code implements this

switch iSendingState
case SEC

if Status KErrNone

iAppUi-SetProgress _L Establishing protocol
buffer.CopyL8 Ready
Send buffer
iSendingState ESE51
else

User Leavestatus.IntO

break

This should look familiar from the way the serial versions started the

data exchange The receiver side is analogous moving the protocol

initialization code to the RunL function

11.6.2 Exchanging Data

Once we have connected the sockets end-to-end and started the

protocol the interface and data sequence for socket I/O is very

much the same as for serial I/O While you can use Read and

Write functions in the same way as with serial solutions using

Send and Recv functions are recommended because they are

more flexible

As an example consider the Send function from the TodoX

example

void TodoXferlRSocketSendconst TUesS aText

TInt len
TBuf8lOO buffer

len aText.LengthQ

// Send the length of the buffer

buffer.SetLengthO
buffer.Append TChar 48len
buffer.AppendaText
sock.Sendbuffer lenl status

// Get active
SetActive

This code is very close to the serial version but uses Send rather

than Write There may be occasions when we need to use
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data exchange as we did with the serial active object implementa­
tion. For the Todox sender, this fragment of code implements this: 

switch (iSendingState} { 
case SEC: 

if (status== KErrNone) 
iAppUi->SetProgress(_L("Establishing protocol" ) ); 
buffer.Copy(_LB("Ready")); 
Send (buffer) ; 
iSendingState = ESEsl; 
else { 
User: :Leave(status.Int()); 

break; 

This should look familiar from the way the serial versions started the 
data exchange. The receiver side is analogous, moving the protocol 
initialization code to the RunL () function. 

11.6.2 Exchanging Data 

Once we have connected the sockets end-to-end and started the 
protocol, the interface and data sequence for socket 1/0 is very 
much the same as for serial 1/0. While you can use Read () and 
Write () functions in the same way as with serial solutions, using 
Send ( ) and Recv ( ) functions are recommended because they are 
more flexible. 

As an example, consider the Send () function from the TodoX 
example: 

void TodoXferIRSocket: :Send(const TDesB &aText) 
{ 

Tint len; 
TBufB<l00> buffer; 

len = aText . Length(); 

// Send the length of the buffer 
buffer.SetLength(O); ' 
buffer .Append ( (TChar) (48+len)); 
buffer.Append(aText); 
sock.Send(buffer, len+l, status); 

// Get active! 
SetActive(); 

This code is very close to the serial version but uses Send () rather 
. than Write .().. There may be occasions when we need to use 
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the flags in the Send or Recv functions These flags differ

depending on the context in which they are used

11.6.3 Shutting Down the Protocol

For IrDA sockets shutting down the protocol requires no special

socket operations While initiating the protocol required connecting
the socket there is no special disconnect operation Shutting

down the socket automatically disconnects it from the remote

endpoint

11.7 Terminating the Socket Connection

As we discussed in Chapter 10 the socket might need to be

drained of requests before we close it Also the connection

to the socket server needs to be shut down
The Close function from the TodoX example illustrates this

void TodoXferlRSocket Close

sock.CancelAll

socksvr.CloseO
sock Close

We could have used the asynchronous version of Close i.e

Shutdown This would have done the same thing but we would

have had to weave it into the RunL function definition to respond

to its completion

11.8 Using lAS

The Information Access Service lAS provides database that holds

information about IrDA connections and their properties You can

query this database even on the remote device to find out more

information about the IrDA connection Queries can be made after

device discovery has been successfully completed

lAS queries use two classes we have not yet mentioned The first

is RNetDatabase class that is used to generically access socket

connection information and TIASQuery class that specifically

constructs lAS database queries

Queries are made up of two components an lAS class and an

lAS attribute The lAS class is not class it is configuration
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the flags in the Send () or Recv () functions. These flags differ 
depending on the context in which they are used. 

11.6.3 Shutting Down the Protocol 

For lrDA sockets, shutting down the protocol requires no special 
socket operations. While initiating the protocol required connecting 
the socket, there is no special "disconnect" operation. Shutting 
down the socket automatically disconnects it from the remote 
endpoint. 

11.7 Terminating the Socket Connection 

As we discussed in Chapter 10, the socket might need to be 
"drained" of requests before we close it. Also, the connection 
to the socket server needs to be shut down. 

The Close () function from the TodoX example illustrates this: 

void TodoXferIRSocket: :Close() 
{ 

sock '. CancelAll(); 
socksvr . Close() ; 
sock.Close(); 

We could have used the asynchronous version of Close () , i.e., 
Shutdown (). This would have done the same thing, but we would 
have had to weave it into the RunL () function definition to respond 
to its completion. 

11.8 Using IAS • 

The Information Access Service (IAS) provides a database that holds 
information about lrDA connections and their properties. You can 
query this database, even on the remote device, to find out more 
information about the lrDA connection. Queries can be made after 
device discovery has been successfully completed. 

IAS queries use two classes we have not yet mentioned: The first 
is RNetDatabase, a class that is used to generically access socket 
connection information, and TIASQuery, a class that specifically 
constructs IAS database queries. 

Queries are made up of two components: an IAS class and an 
IAS attribute. The IAS class is not a C++ class; it is a configuration 
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specifier would like to rename this unfortunate definition but it

is standard Classes have attributes and there can be multiple

attributes per class table of some of these is given below

Table 11.1 lAS Classes

lAS Class Name lAS Attribute Name Response

Device DeviceName Remote device hostname

IrLMPSupport Level of support by remote device for

IrMUX

IrDAIrCOMM Parameters Collection of parameters detailing

IrCOMM support

IrDAIrLMPLsapSel Range of remote port numbers for

IrCOMM service

IrDATinyTPLsapSel Range of remote port numbers for TInyTP

service

IrDAInstanceName Name of lAS instances on remote device

IrDAIrOBEX IrDATinyTPLsapSel Range of remote port numbers for IrOBEX

service

To make an lAS query we need to construct RNetDatabase and

TIASQuery objects build the query using the TIASQuery object
and call the Query function of the RNetDatabase object The

query will include both the AS class and attribute names Consider

the code below

TlASResponse TodoXferlRSocket lAS TDesCB aClassName
TDesCB aAttributeName

TInt result
RNetDatabase md
TIASQuery query
TlASResponse response

result rnd.Opensocksvr protocollnfo iAddrFamily
protocollrifo iProtocol

User LeavelfErrorresult

query.Set aClassName aAttributeName
addr.GetRemoteDevAddr

rnd.Queryquery response status
User WaitForRequest status

return response

Notice the call to Query is provided status variable to moni
tor and TiASResponse response variable to fill with the query
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specifier. (I would like to rename this unfortunate definition, but it 
is a standard.) Classes have attributes, and there can be multiple 

, attributes per class. A table of some of these is given below: 

Table 11.1 IAS Classes 

IAS Class Name 

Device 

lrDA:lrCOMM 

lrDA:lrOBEX 

IAS Attribute Name 

Device Name 
lrLMPSupport 

Parameters 

lrDA:lrLMP:LsapSel 

lrDA:TinyTP:LsapSel 

lrDA:lnstanceName 

lrOA:TinyTP:LsapSel 

Response 

Remote device hostname 
Level of support by remote device for 

lrMUX 

Collection of parameters detailing 
lrCOMM support 

Range of remote port numbers for 
frCOMM service 

Range of remote port numbers for TinyTP 
service 

Name of IAS instances on remote device 

Range of remote port numbers for lrOBEX 
service 

To make an IAS query, we need to construct RNetDatabase and 
TIASQuery objects, build the query using the TIASQuery object, 
and call the Query () function of the RNetDatabase object. The 
query will include both the IAS class and attribute names. Consider 
the code below: 

TIASResponse TodoXferIRSocket: :IAS (TDesCB& aClassName, 
TDesCB& aAttributeName) 

' } 

Tint result; 
RNetDatabase rnd; 
TIASQuery query; 
TIASResponse response; 

result= rnd.Open(socksvr , . protocolinfo . iAddrFamily, 
protocolinfo . iProtocol); 

User::LeaveifError(result); 

query.Set(aClassName, aAttributeName , , 
addr.GetRemoteDevA~dr()); 

rnd . Query(query, response, status); 
User: :WaitForRequest(status); 

return response; 

Notice the call to Query () is provided a status variable to moni­
tor and a TIASResponse response variable to fill with the query 
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response By now you can figure out that Query is an asyn
chronous function

The status variable will give KErrNone for successful comple
tion of query However two other values are significant here

KErrEadName will be returned if there is no remote class with the

name given and KErrlinknown will be returned if the class name

is present but the attribute is not there

The return value stored in the TlASResponse object is one of

four types

Type results are strings

Type results are sequences of bytes

Type results are integers

Type results are missing resultsthey are not given because

of errors

lAS queries are meant to provide information from the remote device

as to how it is providing service and how it will support protocols

This information is useful especially in heterogeneous environments

where the level of support from the unknown remote device cannot

be assumed

11.9 Using IrMUX

In the TodoX example from the previous sections we used TinyTP

as the protocol of choice for IrDA communications We chose this

because it is easier to useit is more reliable and fewer errors result

from transmission However IrMUX is also protocol available to

you when programming IrDA communications

IrMUX is datagram-based protocol It implements an unreliable

connectionless data transfer between two sockets While sockets

using IrMUX are programmed using the same general functions we

have discussed there are few differences

Loading protocol modules The IrMUX protocol module

is loaded with the name IrMUX to the RSocket
Serv Findprotocol function

Sending data through the socket As we stated in Chapter 10

the most appropriate way to send data through connectionless

sockets is to use the SendTo and RecvFrom functions

These functions can be used with the address of the discovered

device as an argument
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response. By now you can figure out that Query ( ) is an asyn­
chronous function. 

The status variable will give KErrNone for successful compl~­
tion of a query. However, two other values are significant here: 
KErrBadName will be returned if there is no remote class with the 
name given, and KErrUnknown will be returned if the class name 
is present but the attribute is not there. 

The return value stored in the TIASResponse object is one of 
four'types. 

• Type 3 results are strings. 

• Type 2 results are sequences of bytes. 

• Type 1 results are integers. 

• Type O results are "missing" results-they are not given because 
of errors. • 

IAS queries are meant to provide information from the remote device 
as to how it is providing service and how it will support protocols. 
This information is useful especially in heterogeneous environments 
where the level of support from the (unknown) remote device cannot 
be assumed. 

11.9 Using lrMUX 

In the TodoX example from the previous sections, we used TinyTP 
as the protocol of choice for lrDA communications. We chose this 
because it is easier to use-it is more reliable and fewer errors result 
from transmission. However, lrMUX is also a protocol available to 
you when programming lrDA communications. 

lrMUX is a datagram-based protocol. It implements an unreliable, 
connectionless data transfer between two sockets. While sockets 
using lrMUX are programmed using the same general functions we 
have discussed, there are a few differences. 

• Loading protocol modules: The lrMUX protocol module 
is loaded with the name " lrMUXII to the RSocket­

Serv: : FindProtocol () function. 

• Sending ·data through the socket: As we stated in Chapter 10, 
the most appropriate way to send data through connectionless 
sockets is to use the Send To () and RecvFrom () functions. 
These functions can be used with the address of the discovered 
device as an argument. 
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Socket shutdown While an IrMUX socket is terminated the

same way T1nyTP socket is the implementation is differ

ent While Symbian OS will cause connected TinyTP socket

to finish any remaining data requests it will simply cut off

and discard any data I/O pending for connectionless IrMUX

sockets

IrMUXand connectionless sockets in generalare typically used

in situations where the higher overhead per packet is not necessary
This includes situations where there is lot of data traffic or the data

is comprised of single simple datagram messages

Using Connect with Connectionless Sockets

If you read the system documentation for Symbian OS ver

sion 6.1 you will find references to using connected socket meth

ods with connectionless socke The documentation implies for

instance that Read and Write may he used with IrMUX

sockets

Do you believe this implication To check this out for yourself

you need to answer some questions

If you use Read and Write with IrMUX sockets how do

you specify the device address that will receive the datagrams

One answer to the previous question is to use Connect

as you do with connected sockets to preregister tile

device address Can you use Connect with connectionless

sockets

The way to verify your answers to the above questions is to

inspect the jr_sock file and documentation for clues and

code up some experiments and see for yourself What would

you expect to see if Read and Write would not work

with connection less sockets What would you expect to see if

they did

11.10 Using IrTranP

We have covered both TinyTP and IrMUX protocols third

protocol that we have defined for IrDA is IrTranP protocol

for the exchange of digital pictures This protocol is not imple

mented via socket interface Rather the implementation uses

class objectthe CTranpSession classand implements the

entire protocol from within this object This class uses special
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• Socket shutdown: While an lrMUX socket is terminated the 
same way a TinyTP socket is, the implementation is differ­
ent. While Symbian OS will cause a connected TinyTP socket 
to finish any remaining data requests, it will simply cut off 
and discard any data 1/0 pending for connectionless lrMUX 
sockets. 

lrMUX-and connectionless sockets in general-are typically used 
in situations where the higher overhead per packet is not necessary. 
This includes situations where there is a lot of data traffic or the data 
is comprised of single, simple datagram messages. 

11.10 Using lrTranP 

We have covered both TinyTP and lrMUX protocols. A third 
protocol that we have defined for lrDA rs lrTranP, a protocol 
for the exchange of digital pictures. This protocol is not imple­
mented via a socket interface. Rather, the implementation uses 
a class object-the CTranpSession class-and implements the 

. entire protoc.?I from within this object. This class uses a special 
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MTranpNotifcation class which contains set of callback

functions that are called at various stages in the picture exchange

process This MTranpNotification class is an abstract class

you must provide class derived from it implementing the callback

functions to the CTranpSession class object when you instanti

ate it Once the CTranpSession class is set up call to its Get
function will get the exchange session rolling As the exchange

progresses the following callback sequence is used

When successful connection is made to remote device the

Connect callback function is called in the MTranpNoti
fication object

After connection the remote device will start sending the picture

data and the CTranpSess ion class object will make repeated

calls to the Progresslndication callback function of the

MTranpNot cation object to relay progress information

When the data exchange is complete the CTranpSesson
class object will call the MTranpNotfication GetCom
plete callback function

When the connection to the remote device is broken call to

the Dsconnected callback function of the MTranpNot
fication object is made

11.11 Word About Expedited Socket Output

At the beginning of this chapter we mentioned that IR output

through sockets could be done in one of two modes unexpedited or

expedited The former mode is the default to use expedited sending

of data an option must be specifically set on the socket To do this

we have two choices The first would use the SetOpt function

from the RSocket class and specify the KExpeditedDataOpt

option value as follows

sock SetOpt KExpeditedDataOpt buffer KLeve1IrMIJXSAP

This however is not the recommended way The recommended

way gives more control to the programmer to make both expedited

and unexpedited sends over the same socket To use this technique

we would use the Send function from the RSocket class using

the flags in the call to specify expedited I/O

Sock.Sendbuffer Ksockwriteurgeflt status

11.11 

A WORD ABOUT EXPEDITED SOCKET OUTPUT 209 

MTranpNotification class, which contains a set of callback 
functions that are called at various stages in the picture exchange 
process. This MTranpNotification dass is an abstract class; 
you must provide a class derived from it, implementing the callback 
functions, to the CTranpSession class object when you instanti­
ate it. Once the CTranpSession class is set up, a call to its Get () 

function will get the exchange session rolling. As the exchange 
progresses, the following callback sequence is used: 

• When a successful connection is made to a remote device, the 
Connect () callback function is called in the MTranpNoti­

fication object. 

• After connection, the remote device will start sending the picture 
data, and the CTranpSession class object will make repeated 
calls to the Progresslndication () callback function of the 
MTranpNotification object to relay progress information. 

• When the data exchange is complete, the CTranpSession 

class object will call the MTranpNotification: : GetCom­

plete () callback function. 

• When the connection to the remote device is broken, a call to 
the Disconnected () callback function of the MTranpNoti­

f ication object is made. 

A Word About Expedited Socket Output 

At the beginning of this chapter, we mentioned that IR output 
through sockets could be done in one of two modes: unexpedited or 
expedited. The former mode is the default; to use expedited sending 
of data, an option must be specifically set on the socket. To do this, 
we have two choices. The first would use the SetOpt () function 
from the RSocket class and specify the KExpedi tedDataOpt 

option value, as follows: 

sock.Set0pt(KExpeditedDataOpt,&buffer,KLeveli rMUXSAP); 

This, however, is not the recommended way. The recommended 
way gives more control to the programmer to make both expedited 
and unexpedited sends over the same socket. To use this technique, 
we would use the Send () function from the RSocket class, using 
the flags in the call to specify expedited 1/0: 

Sock . Send(buffer, Ksoc kWriteUrgent, status); 
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11.12 Summary

In this chapter we have discussed the methods we need to use

to implement non-serial communication across the IR port We
accessed these upper layer IrDA protocols through the use of sock

ets thereby providing great illustration of the concepts developed

in Chapter 10 We examined each stage in socket usage and applied

each stage to IrDA communications using both TinyTP and IrMUX

protocols We concluded by briefly reviewing lrTranP and expedited

IR output
In the next chapter we move from point-to-point communication

into the world of multipoint communication We examine TCP/IP

protocols and how we use them in Symbian Os
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11.12 Summary 

, In this chapter, we have discussed the methods we need to use 
• to implement non-serial communication across the IR · port. We 

accessed these upper layer lrDA protocols through the use of sock­
ets, thereby providing a great illustration of the concepts developed 
in Chapter 10. We examined each stage in socket usage and applied 
each stage to lrDA communications, using both TinyTP and JrMUX 
protocols. We concluded by briefly reviewing lrTranP and expedited 
IR output. 

In the next chapter, we move from point-to-point communication 
into the world of multipoint communication . We examine TCP/IP 
protocols and how we use them in Symbian OS. 
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Communicating with TCP/IP

In 1973 research project was initiated that investigated and

developed technology to interlink networks of various kinds together

into one internetwork This internetwork was held together by

protocols that came to be known as the Transmission Control

Protocol/Internet Protocol or TCP/IP suite and these protocols

stand today as the de facto standard for internetworking Through
the 1980s into the 1990s the roughly 100 protocols in the TCP/IP

suite saw many commercial and public domain implementations
As we saw in Chapters and Symbian OS supports much of the

TCP/IP protocol suite In this chapter we will look at what it takes

to program using TCP/IP on Symbian OS This is our first look at

multipoint connections Serial and IrDA communications are both

point-to-point TCP/IP protocols address networks that are multi-

point in nature Some of our concepts will adapt to accommodate

this new way of communicating
We will start by discussing some new concepts that arise when we

communicate over network We will discuss how we connect to

network The core of this chapter will have familiar outline system

initialization opening and configuring TCP/IP sockets exchanging

data and closing connections We will also discuss the differences

between stream sockets and datagram sockets in TCP/IP And we
will actually get to see more examples than

just
to-do list item

exchanges

12.1 Considerations for Network Communication

As we have seen new medium brings new issues to consider This

section will discuss several new issues with respect to networks

12 
Communicating with TCP/IP 

In 1973, a research project was initiated that investigated and 
developed technology to interlink networks of various kinds together 
into one "internetwork". This internetwork was held together by 
protocols that came to be known as the Transmission Control 
Protocol/Internet Protocol, or TCP/IP, suite, and these protocols 
stand today as the de facto standard for internetworking. Through 
the 1980s into the 1990s, the roughly 100 protocols in the TCP/IP 
suite saw many commercial and public domain implementations. 

As we saw in Chapters 3 and 5, Symbian OS supports much of the 
TCP/IP protocol suite. In this chapter, we will look at what it takes 
to program using TCP/IP on Symbian OS. This is our first look at 
multipoint connections. Serial and lrDA communications are both 
point-to-point; TCP/IP protocols address networks that are multi­
point in nature. Some of our concepts will adapt to accommodate 
this new way of communicating. 

We will start by discussing some new concepts thatarisewhen we 
communicate over a network. We will discuss how we connect to a 
network. The core of this chapter will have a familiar outline: system 
initialization, opening and configuring TCP/IP sockets, exchanging 
data, and closing connections. We will also discuss the differences 
between stream sockets and datagram sockets in TCP/IP. And we 
will actually get to see more examples than just to-do list item 
exchanges! 

12.1 Considerations for Network Communication 

As we have seen, a new medium brings new issues to consider. This 
section will discuss several new issues with respect to networks. 
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12.1.1 Connecting to the Network

The network protocol layers we deal with in this chapter all exist

above the data link layer So as we use these protocols we assume

that network connections exist at the data link layer already and

that these protocols will interface with whatever exists to connect

us to network

Figure 12.1 depicts this situation We are focusing on the top

two layers above the horizontal line IP protocols that make up
the network layer and TCP protocols that make up the transport

layer The other layers are not our concern in this chapter but are

important for the protocols we are concerned about to function As

we covered in Chapter Ethernet PPP and IrLAN are protocols

that we can use to transport TCP/IP data These are generically

referred to as network interfaces

Symbian OS implements control over these network interfaces

through the network interface manager or NifMan While it may
sound like some odd superhero NifMan is actually server that is

used by Symbian OS when transport is needed but network

interface has not been started The server uses plug-in method for

modules to implement such interfaces We will work with NifMan

in the next section

Transport Layer Transport Control

Protocol TCP

Network Layer Internet Protocol IP

Data LinkLayer

Ethernet PPP IrLAN

Physical Layer

Figure 12.1 Protocol layers in this chapter
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12.1.1 Connecting to the Network 

The network protocol layers we deal with in this chapter all exist 
above the data link layer. So as we use these protocols, we assume 
that network connections exist at the data link layer already and 
that these protocols will interface with whatever exists to connect 
us to a network. 

Figure 12.1 depicts this situation. We are focusing on the top 
two layers above the horizontal line: IP protocols that make up 
the network layer and TCP protocols that make up the transport 
layer. The other layers are not our concern in this chapter but are 
important for the protocols we are concerned about to function. As 
we covered in Chapter 4,_Jthernet, PPP, and lrLAN are protocols 
that we can use to transport TCP/IP data. These are generically 
referred to as network interfaces. 

Symbian OS implements control over these network interfaces 
through the network interface manager or NifMan. While it may 
sound like some odd superhero, NifMan is actually a server that is 
used by Symbian OS when a transport is needed, but a network 
interface has not been started. The server uses a plug-in method for 
modules to implement such interfaces. We will work with NifMan 
in the next section. 

Transport Layer: Transport Control 
Protocol (TCP) 

Network Layer: Internet Protocol (IP) 

---------------------------I I 
1 Data Link Layer 1 

I • I 

!_ ~~~L~-i 
, I • I 

I Physical Layer 1 
I I . L ________________ · --

Figure 12.1 'Protocol layers in this chapter. 
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12.1.2 TCP/IP Protocol Review

There are three types of protocols we are concerned with when we

program with TCP/IP layers

TCP protocols implement reliable connected link between two

communication endpoints Any application protocol that desires

reliable connection will probably use TCP as its transport

method For example HTTP and Telnet are two protocols that

typically manage sessions of connectivitylong periods of data

exchange for which connected links are designed

UDP protocols implement connectionless link between

device and one or more endpoints By definition this is an unre
liable connection that uses datagrams Protocols that implement
short messages or information queries typically use UDP as their

transport method as do name services such as DNS

IP protocols provide the network connections that support TCP

and UDP communication Addressing and routing are major
concerns at this layer to identify machines and get data packets

from point to point IP layers on different devices exchange
control and routing information with each other through proto
cols like Internet Control Message Protocol ICMP and Routing

Information Protocol RIP

Most TCP protocols are client/server oriented The HTTP service

is good example of this Most request-based protocols that fall

into the UDP category are also client/server oriented where the

requestor is the client and the information provider is the server

Network Time Protocol NTP is UDP protocol that requests time

updates most average network devices are NTP clients that request

time synchronization from time servers across the Internet

As you might expect Symbian OS implements TCP/IP protocols

through the socket interface There are standard definitions for TCP

sockets and UDP sockets IP sockets require bit more ingenuity

to use there are few standard definitions e.g for ICMP imple

mentations but we need to do some special programming to have

complete access to datagrams format

12.1.3 System Definitions for TCP/IP

As with IrDA sockets Symbian OS has set up certain parameters

and definitions that we must use for TCP/IP programming
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12.1.2 TCP/IP-Protocol Review 

There are three types of protocols we are concerned with when we 
program with TCP/IP layers. -

• TCP protocols implement a reliable, connected lir:ik between two 
communication endpoints. Any application protocol that desires 
a reliable connection will probably use TCP as its transport -
.method. For example, HTTP and Telnet are two protocols that 
typically manage sessions of connectivity-long periods of data 
exchange for which connected links are designed. 

• UDP protocols implement a connectionless link between a 
device and one or more endpoints. By definition, this is an unre­
liable connection that uses datagrams. Protocols that implement 
short messages or information queries typically use UDP as their 
transport method, as do name services such as DNS. 

• IP protocols provide the network connections that support TCP 
and UDP communication. Addressing and routing are major 
concerns at this layer to identify machines and get data packets 
from point to point. IP layers on different devices exchange 
control and routing information with each other (through proto­
cols like Internet Control Message Protocol (ICMP) and Routing 
Information Protocol (RIP)). 

Most TCP protocols are client/server oriented. The HTTP service 
is a good example of this. Most request-based protocols that fall 
into the UDP category are also client/server oriented, where the 
requestor is the client and the information provider is the server. 
Network Time Protocol (NTP) is a UDP protocol that requests time 
updates; most average network devices are NTP clients that request 
time synchronization from time servers across the Internet. 

As you might expect, Symbian OS implements TCP/IP protocols 
through the socket interface. There are standard definitions for TCP 
sockets and UDP sockets. IP sockets require a bit more ingenuity 
to use: there are a few standard definitions (e.g., for ICMP imple­
mentations), but we need to do some special programming to have 
complete access to a datagram's format. 

12.1.3 System Definitions for TCP/IP 

As with lrDA sockets, Symbian OS has set up certain parameters 
and definitions that we must use for TCP/IP programming. 
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IP addresses are Characterized by the IfInet address fam

ily Specific protocols are given their own constant values in

\Epoc3 2\include\n sock

const TUint Kprotocollnetlcmp
COflst TUint KProtocollnetTcp
const TUint KprotocollnetUdp 17
const TUint KProtocollnetlp OxlOO

The properties of IP addresses are defined by the TlnetAddr class

which has many functions to construct compare and analyze

addresses Many definitions are based on single convenience

macro

defne INETADDRab cd
TUint32 Na24 b16 c8 1d

Since an IP address is really just 32-bit integer at least at

IP version this macro allows specifying them in the pop
ularized dotted notation We can give 192 .168 100 as

INETADDR 192 168 100 wh ich will produce the real inte

ger address 3232261125

wy qrqif wi th rpri

thii

thdr$t4

look through \Epoc32\include\n_sock will reveal many
options and protocol setting values We will be discussing these

throughout this chapter

12.2 The Network Interface Manager NifMan

Because of the modularity of the socket concept TCP/IP layer socket

connections assume layer that implements network connectivity
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IP addresses are characterized by the KAfinet address fam­
ily. Specific protocols are given their own constant values (in 
\Epoc32\include\in_sock. h): 

canst TUint KPratocolineticmp = 1 ; 
canst TUint KProtocolinetTcp = 6; 
canst TUint KProtocalinetUdp = 17; 
const TUint KProtocolinetip = OxlOO; 

The properties of IP addresses are defined by the TinetAddr class, 
which has many functions to construct, compare, and analyze 
addresses. Many definitions are based on a single convenience 
macro: 

#define INET_ADDR(a,b,c,d) \ 
(TUint32) ( ( (a) «24) I ( (b) «16) I ( (c) «8) I (d)) 

Since an IP address is really just a 32-bit integer (at least at 
IP version 4), this macro allows specifying them in the pop­
ularized "dotted" notation. We can give 192 . 168 .100. 5 as 
INET_ADDR (192,168,100, 5), which will produce the real inte­
ger address: 3232261125. 

A look through \Epoc32\include\in_sock. h will reveal many 
options and protocol setting values. We will be discussing these 
throughout this chapter. • 

12.2 The Network Interface Manager: NifMan 

Because of the modularity of the socket concept, TCP/IP layer socket 
connections assume a layer that implements network connectivity 
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lies beneath them Since there are many ways to connect up
network Symbian OS uses NifMan server to coordinate and

manage network interfaces The key aspects of NifMan that we are

concerned with here are its pluggable interface and the ability to

monitor its progress

The interface to the NifMan server is used by plug-in modules

or agents Agents are implementations of the data link layer for

particular connection method Agents implement network inter

face and give the NifMan server way to check the progress of

the connecting of that interface to the network The plugin portion

of the interface is found in agt file the implementation of the

network interface itself is found in .nif file

good example of an interface agent is the NetDial agent The

NetDial agent allows the NifMan server to check on the progress of

dial-up network connection The network interface itself is PPP
but the agent interfaces the NifMan server with the kernel so that

progress can he checked

Look for Agents

Look for agents and network interface implementations on your

Symbian device or on your emulator

The emulator has one agent that actual devices do not

ntras agt This inierface implements an agent to monitor

the connection between an emulator and the Remote Access

Service of PC running Windows NT What interface do OU
think can he used with this agent

There are also agents on hardware devices that you might not

find on emulators Psion netBooks for example might have an

agent and network inteiace that implement Ethernet support

through the PC card slot Look for agents and network interfaces

cpecifically designed for your device

The progress indicators from the NifMan server are accessed through

an RNf class object Once an RNif object is instantiated you

have two choices as to how to get progress reports synchronously

or asynchronously The functions below access the progress indi

cators

TInt Progress TNifProgress aProgress
void ProgressNotification TNifProgressBuf aProgreSS

TRequestStatus aStatus
void CancelProgressNotification
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lies beneath them. Since there are many ways to connect up a 
network, Symbian OS uses a NifMan server to coordinate and 
manage network interfaces. The key asp!=cts of NifMan that we are 
concerned with here are its pluggable interface and the ability to 
monitor its progress. 

The interface to the NifMan server is used by plug-in modules 
or agents. Agents are implementations of the data link layer for a 
particular connection method. Agents implement a network inter­
face and give the N if Man server a way to check the progress of 
the connecting of that interface to the network. The plugin portion 
of the interface is found in a . agt file; the implementation of the 
network interface itself is found in a . ni f file. 

A good example of an interface agent is the NetDial agent. The 
NetDial agent allows the NifMan server to check on the progress of 
a dial-up network connection. The network interface itself is PPP, 
but the agent interfaces the NifMan server with the kernel so that 
progress can be checked. 

The progress indicators from the NifMan server are accessed through 
an RNif class object. Once an RNif object is instantiated, you 
have two choices as to how to get progress reports: synchronously 
or asynchronously. The functions below access the progress indi­
cators: 

Tint Progress(TNifProgress &aProgress); 
void ProgressNotification(TNifProgressBuf &aProgress , 

TReguestStatus &aStatus); 
void CancelProgressNotificati on(); 
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The first function is the synchronous function The TNfProgress

object parameter must be filled in by the function The TNif
Progress class is used for accessing information only

class TNifProgress

public
inline TNifProgress
TInt iStage
TInt iError

Upon successful function completion the istage variable in

the structure will have information pertaining to the connection

progress There are five states connection can be in the TAgent
ConnectType enumeration in \Epoc32\include\nfman.h
details the values

The other two functions are for the asynchronous callone makes

the request and the other cancels the request The ProgressNo
tificaton call includes buffer that holds progress object

and status variable for monitoring
There are some other functions in the RNif class that are of

interest

TInt LastProgressError
TNifProgress aProgress

This reports the most recent error to have occurred in the

progress of the network interface connection

TInt NetworkActiveTBool alsActve
This call will retUrn the status of the network in the included

parameter

The NifMan is useful in number of ways typically to manipulate
the network interface Section 12.7 has an example of how to use

NifMan object to check the status of network interface and to shut

it down

12.3 IntiaIizing the System for TCP/IP

Initialization for TCP/IP is much the same as it was for IrDA

connect to the socket server and load the device drivers This

fragment connects the current object to the socket server

result socksvr.ConnectO
User LeavelfErrorresult

This code should look fairly mundane by now
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The first function is the synchronous function. The TNif Progress 
object parameter must be filled in by the function. The TNif­

Progress class is used for accessing information only: 

class TNifProgress 

public: 

} ; 

inline TNifProgress(); 
Tint iStage; 
Tint iError; 

Upon successful function completion, the iStage variable in 
the structure will have information pertaining to the connection 
progress. There are five states a connection can be in; the TAgent­
ConnectType enumeration in \Epoc32\include\nifman. h 

details the values. 
The other two functions are for the asynchronous call-one makes 

the request and the other cancels the request. The ProgressNo­
ti f ication () call includes a buffer that holds a progress object 
and a status variable for monitoring. 

There are some other functions in the RNif class that are of 
interest: 

• Tint LastProgressError( 
TNifProgress &aProgress) 

This reports the most recent error to have occurred in the 
progress of the network interface connection. 

• Tint NetworkActive(TBool &aisActive) 

This call will return the status of the network in the included 
parameter. 

The NifMan is useful in a number of ways, typically to manipulate 
the network interface. Section 12,7 has an example of how to use a 
NifMan object to check the status of network interface and to shut 
it down. 

12.3 Initializing the System for TCP/IP 

Initialization for TCP/IP is much the same as it was for lrDA: 
connect to the socket server and load the device drivers. This 
fragment connects the current object to the socket server: 

result = socksvr.Connect( ) ; 
User: :LeaveifError(result); 

This code should look fairly mundane by now. 
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Because TCP/IP protocols make up large part of what the socket

server does the protocol modules are loaded by default You can
of course load them manually by using the LoadCommModule
functions in the RSocketServ class but it is usually unnecessary
The name of the protocol module is uTcpip

12.4 Opening and Configuring TCP/IP Socket

With TCP/IP sockets opening socket and configuring socket

are usually done at the same time Once the initial open with its

configuration parameters has been completed the socket requires

different configuration options to be applied depending on the

service status of the device as client or server

12.4.1 Choosing Socket Configuration

There are several choices to make about socket configuration these

choices determine what type of socket will be opened We have

discussed these choices before

Stream- vs datagram-based Stream-based sockets are connected

sockets implementing reliable data transfer Datagram-based
sockets are connection less sockets implementing unreliable

data transfer For TCP/IP Symbian OS also supports two other

modes sequential packet transport which ensures ordered

packet arrival but no error checking and raw transport which

essentially bypasses the protocol layers to send raw data packets

through the data link layer with no guarantees of anything

Type of TCP/IP protocol Here we have the three choices we
outlined above TCP UDP or IP TCP sockets are stream-based

connected sockets UDP and lP sockets are datagram-based
connection less sockets

Opening TCP/IP socket is done in the standard waycalling
Open from the Rsocket class The address family is KAflnet
The socket type is chosen from the list below

const TLlirit KsockStream
const Tijint Ksockoatagram
const TUint KSockseqPacket
const TTJint KSockRaw

Each of these constants corresponds to transport mode The socket

protocol is chosen from the following list

const Ttjint KProtocollnetlcmp
const Ttjint KProtocollnetTcp
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Because TCP/IP protocols make up a large part of what the socket 
server does, the protocol modules are loaded by default. You can, 
of course, load them manually by using the LoadCommModule () 
functions in the RSocketServ class, but it is usually unnecessary. 
The name of the protocol module is "Tcpip''. 

12.4 Opening and Configuring a TCP/IP Socket 

With . TCP/IP sockets, opening a socket and configuring a socket 
are usually done at the same time. Once the initial open (with its 
configuration parameters) has been completed, the socket requires 
different configuration options to be applied, depending on the 
service status of the device as a client or server. 

12.4.1 Choosing a Socket Configuration 

There are several choices to make about socket configuration; these 
choices determine what type of socket will be opened. We have 
discussed these choices before: 

• Stream- vs. datagram-based: Stream-based sockets are connected 
sockets, implementing reliable data transfer. Datagram-based 
sockets are connectionless sockets, implementing unreliable 
data transfer. For TCP/IP, Symbian OS also supports two other 
modes: sequential packet transport, which ensures ordered 
packet arrival but no error checking, and raw transport, which 
essentially bypasses the protocol layers to send raw data packets 
through the data link layer, with no guarantees of anything. 

• Type of TCP/IP protocol: Here, we have the three choices we 
outlined above: TCP, UDP, or IP. TCP sockets are stream-based, 
connected sockets. UDP and IP sockets are datagram-based, 
connectionless sockets. 

Opening a TCP/IP socket is done in the standard way-calling 
Open () from the RSocket class. The address family is KAfinet. 

The socket type is chosen from the list below: 

const TUint KsockStream = l; 
const TUint KsockDatagram = 2; 
const TUint KSockSeqPacket = 3 ; 
const TUint KSockRaw = 4; 

Each of these constants corresponds to a transport mode. The socket 
protocol is chosen from the following list: 

const TUint KProtocolineticmp = l; 
const TUint KProtocolinetTcp = 6; 
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const TUint KProtocollnettJdp 17
const TUint KProtocollnetlp OxlOO

Note that ICMP is special protocol supported directly by Sym
bian Os

Lets take some examples If we were to open socket to Web

server it would be TCP-level connected socket We could open

one with the statement below

result WebServerocket.Opensocksvr KAflnet

KSockStream KProtocolIfletTCp

If we wanted to open socket to Domain Name Service DNS
server we would want datagram-based socket that worked with

UDP protocols We could open one with the statement below

result DNSserverSocket .Open socksvr KAflnet

KSockDategram KprotocollnetUdp

If we wanted to open socket to use ICMP to ping another computer

that would use IP-level protocols but we would have to assemble

our own packets Hence we would want to specify raw packets in

this way

result ICMPSocket.Opensocksvr KAflnet KSockRaw

KProtocollnetlcmp

Other TCP/JP Soefrei Ceiurations
Th on raboi qa chi cdt ts af dpnMt

1tu iei1d wiTh thJt 4O
Awit1t th ti pi thoe kw enrc
ort rv hkw otj
wid Most did

th4 Fr thi bt
wld flgr sick toa 1ie evIç

tMAsrvkey
NNTPewsraxe
it mote conCtNWl rvi ey

rIP fiI erv4 F1 actuatty WD servk
18à1d cririectin irid con tor3y

baytm time idat NTP pu 14
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const TUint KProtocol inetUdp = 1 7 ; 
const TUint KProtocolinetip = OxlOO; 

Note that ICMP is a special protocol supported directly by Sym­
bian OS. 

Let' s take some examples. If we were to open a socket to a Web 
server, it would be a TCP-level, connected socket. We could open 
one with the statement below: 

result= WebServerSocket .Open(socksvr, KAflnet, 
KSockSt ream, KProtocolinetTcp) ; 

If we wanted to open a socket to a Domain Name Service (DNS) 
server, we would want a d_~tagram-based socket that worked with 
UDP protocols. We could open one with the statement below: 

result= DNSServerSocket.Open(socksvr, KAfinet, 
KSockDatagra m, KProtocolinetUdp); 

If we wanted to open a socket to use ICMP to ping another computer, 
that would use IP-level protocols, but we would have to assemble 
our own packets. Hence, we would want to specify raw packets in 
this way: 

result= ICMPSocket . Open(socksvr , KAfinet, KSockRaw , 
KProto col l netlcmp ); 
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12.4.2 Finishing Configuration Connecting Client Sockets

Client sockets must connect to servers via the Connect function

from the Rsocket class Before socket is connected however
it must have an address to which it will connect This is done by

constructing TIne tAdñr object
Two components make up TlnetAddr object an IP address

and port number Recall that port numbers are the way specific

applications or services are identified on device and that they

are used to tag datastream so that data connections can he

multiplexed on server To connect sockets then we need to set

up both address and port specifications in the TlnetAddr object
as below

address.SetPortINETADDR19216810010 80

This would set the address to 192 .168.100.10 and the port to

80 the HTTP service port
Once the TlnetAddr object is set the Connect function

can be called and the socket can attempt to connect to the device

and port specified by its arguments

WebServerSocket.Connect address status

Remember that Connect is an asynchronous function and

requires status variable to monitor its progress

12.4.3 Finishing Configuration Binding Server Sockets

Configuring sockets used by servers means that we must bind the

opened socket to local address set up listening queue on
the socket and open second socket to connect to the incoming
connection

For TCP/IP servers we must bind the socket to the address

and port for which we want to listen Special settings exist for any
address or any port but these must be set explicitly in TlnetAddr

object For example the code below will create an address that will

match any IP address with its port set to 1100

TlnetAddr ServerAddress new TlnetAddr
KlnetAddrAny 1100

The constant KlnetPortAny will match any port In reality these

constants are simply specification of as the address

and as the port number respectively

Once we have constructed TlnetAddr object binding the

server socket is straightforwardit is the same as for IrDA sockets

OPENING AND CONFIGURING A TCP/IP SOCKET 219 

12.4.2 Finishing Configuration: Connecting Client Sockets 

Client sockets must connect to servers via the Connect () function 
from the Rsocket class. Before a socket is connected, however, 
it must have an address to which it will connect. This is done by 
constructing a TinetAddr object. 

Two components make up a TinetAddr object: an IP address 
and a port number. Recall that port numbers are the way specific 
applications or services are identified on a device and that they 
are used to tag a datastream so that data connections can be 
multiplexed on a server. To connect sockets, then, we need to set 
up both address and port specifications in the TinetAddr object, 
as below: 

address.SetPort(INET_ADDR(l92,168,100,10), 80); 

This would set the IP address to 192 .168 .100 .10 and the port to 
8 o (the HTTP service port). 

Once the TinetAddr object is set, the Connect () function 
can be called, and the socket can attempt to connect to the device 
and port specified by its arguments: 

WebServerSocket.Connect(address, status); 

Remember that Connect () is an asynchronous function and 
requires a status variable to monitor its progress. 

12.4.3 Finishing Configuration: Binding Server Sockets 

Configuring sockets used by servers means that we must bind the 
opened socket to a local address, set up a listening queue on 
the socket, and open a second socket to connect to the incoming 
connection. 

For TCP/IP servers, we must bind the socket to the address 
and port for which we want to listen. Special settings exist for any 
address or any port, but these must be set explicitly in a TinetAddr 

object. For example, the code below will create an address that will 
match any IP address with its port set to 1100: 

TinetAddr ServerAddress = new TinetAddr ( 
KinetAddrAny, 1100); 

The constant KinetPortAny will match any port. (In reality, these 
constants are simply a specification of 0. 0. 0. 0 as the IP address 
and O as the port number, respectively.) 

Once we have constructed a TinetAddr object, binding the 
server socket is straightforward-it is the same as for lrDA sockets. 
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Setting up the listening queue is also simple Consider the following

code where imisteningsocket is RSocket object that has

already been created

TlnetAddr iListeningAddress
new TlnetAddrKinetAddrAny 2000

iListeningSocket.BindlListeningAddress

iListeningSocket.Listen5

This code sets up socket to listen for incoming connections on

any IP address looking for port 2000 The listening queue is set up

for five simultaneous connections

Before server can accept connections it must open up second

blank socket to use for an incoming connection

result iServiceSocket .OpeniSockSvr
User LeavelFErrorreSUlt

Finally the server can wait for connections by calling the Accept

function on the original listener socket

iListener.Accept j5erviceSocket status

12.4.4 Using the Host Resolver

it is often the case that we have hostname to connect to or listen for

rather than an address In this case we must convert this hostname

to TlnetAddr object prior to using it for Connect or

Bind call

The sequence we use looks very much like what we did for IrDA

sockets except there is no real discovery of devices instead the

host resolver takes advantage of Domain Name Service DNS
to do the name-to-address conversion Consider the following

code

RHostResolver resolver

TNameEntry iHostEntry
TPtrC AddressName
TlnetAddr Address
result resolver.Opensocksvr KAflnet kProtocollnetTcp
User LeavelfErrorresult
AddressName.SetLhttp//WWW.symbian.COm
resolver.GetByNameAddressName iHostEntry status

User WaitForRequeststatus
Address iHostEntry .iAddr
AddressSetPort80

WebServer.ConnectAddress status
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Setting up the listening queue is also simple. Consider the following 

code (where iListeningSocket is a RSocket object that has 
already been created): • 

TinetAddr iListeningAddress 
new TinetAddr(KinetAddrAny, 2000 ) ; 

iListeningSocket . Bind ( iListeningAddress ) ; 

iListeningSocket.Listen(5); 

This code sets up a socket to listen for incoming connections on 

any IP address looking for port 2000. The listening queue is set up 

for five simultaneous connections. 
Before a server can accept connections, it must open up a second 

blank socket to use for-an incoming connection. 

re sult~ iService Socket.Open(iSockSvr); 

User: : LeaveIFError ( r esult ) ; 

Finally the server can wait for connections by calling the Accept () 

function on the original listener socket: 

iListener .Accep t( iServiceSocke t, s t a tus ) ; 

12.4.4 Using the Host Resolver 

It is often the case that we have a hostname to connect to or I isten for 

rather than an address. In this case, we must convert this hostname 

to a TinetAddr object prior to using it for a Connect () or a 

Bind() call. 
The sequence we use looks very much like what we did for lrDA 

sockets, except there is no real discovery of devices. Instead, the 

host resolver takes advantage of Domain Name Service (DNS) 

to do the name-to-address conversion . Consider the following 

code: 

RHostResolver resol ver; 

TNa me Entr y i HostEntry ; 
TPtrC Addre s s Na me ; 

TinetAddr Address ; 

resul t = res o l ver. Open (socksvr , KAfine t, KProt ocolin etTcp) ; 

User : :Leavei fError (resul t ); 

AddressName . Set(_L ( "http : //www . s ymbian .com" )); 

resol ver . Get ByNa me(AddressName , iHostEn try, status) ; 

User: : Wa i tForRequest(statu s ); 

Addres s= iHostEn try() .iAdd r ; 

Addresi.SetPort(BO ); 

We bServe r.Connect(Address , s t atus); 
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Here WebServer is an instantiated RSocket object This code

will resolve the host name http//www.symbian.com to its actual IP

address then combine that address with specification of port 80

and connect to it on behalf of client

Resotver Socket Properties

Stop and think for moment about the host resolver and the type
and protocol of the socket that is opened How does the call

above differ from what was used for IrDA host resolution Why
is the protocol above KProtocollnetTcp

12.4.5 Getting Information from Socket

After socket has been opened and configured and the Connect

or Bind and Accept functions have completed it may be

necessary to extract some information from the socket For example

you may want figure out the address of the remote side of the

socket The LocalName and RemoteName functions handle

extracting this information

void LocalName TSockAddr anAddr
void RemoteName TSockAddr anAddr

These functions are similar in the way you call them Local-

Name returns TSockJ-\ddr object thatwhen converted to

TlnetAddr objectwill give the address and port number of the

socket as it is bound in the current application RemoteName
will do the same for the remote endpoint LocalName is espe
cially useful in situations where you do not know the local address

of the devicefor example if it was set up by someone else or by
network service e.g server using Dynamic Host Configuration

Protocol DHCP The values of these calls are valid after Bind

has been used on servers and Connect has been used on clients

If just the port information is needed you can use the functions

below

TUint LocalPort
TUint RemotePort

12.4.6 TCP/IP Socket Options

There are many options available for TCP/IP sockets much more

than can cover here without putting you to sleep Most are meant
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Here, WebServer is an instantiated RSocket object. This code 
will resolve the host name http://www.symbian.com to its actual IP 
address, then combine that address with a specification of port 80 
and connect to it on behalf of a client. 

12.4.5 Getting Information from a Socket 

After a socket has been opened and configured, and the Connect () 
or Bind () and Accept () functions have completed, it may be 
necessary to extract some information from the socket. For example, 
you may want figure out the address of the remote side of the 
socket. The LocalName () and RemoteName () functions handle 
extracting this information. 

void LocalName(TSockAddr &anAddr); 
void RemoteName(TSockAddr &anAddr); 

These functions are similar in the way you call them. Local­

Name () returns a TSockAddr object that-when converted to a 
TinetAddr object-will give the address and port number of the 
socket as it is bound in the current application. RemoteName () 
will do the same for the remote endpoint. LocalName () is espe­
cially useful in situations where you do not know the local address 
of the device-for example, if it was set up by someone else or by 
a network service (e.g., a server using Dynamic Host Configuration 
Protocol (DHCP)). The values of these calls are valid after Bind () 

has been used on servers and Connect () has been used on clients. 
If just the port information is needed, you can use the functions 

below: 

TUint LocalPort(); 
TUint RemotePort(); 

12.4.6 TCP/IP Socket Options 

There are many options available for TCP/IP sockets, much more 
than I can cover here without putting you to sleep. Most are meant 



222 COMMUNICATING WITH TCP/IP

for specific situations for example getting routing information

from an ICMP packet rather than general TCP/IP packet settings

All are set using Ioctl calls Remember that Ioctl varies

its format depending on the option and whether that option is

being set or simply queried for its value The options are given in

\Epoc3 2\include\in sock

12.5 Exchanging Data

Once we have opened and configured socket and have either

connected or accepted connection we have socket with appli

cations on both ends looking to exchange data At this point we

will use the same API as for other socket connections There is very

little that changes from IrDA socket data exchange to TCP/IP socket

data exchange
We do however have access to more flexibility with TCP/IP

sockets We can access raw sockets for example that allow the

formation of any type of data packet If we do not want to exchange

byte streams for example but want to send specific types of data

we need to use raw sockets An NTP client request for example

has specific packet format that must be sent from an IP layer We
can construct this using raw sockets

Because the API is the same protocol issues do not change

We still have protocol initialization and termination concerns and

must adjust our access to the type of socket connection streams or

datagrams that we are using

12.6 Closing Socket

Closing TCP/IP socket is no different than closing other sockets we

should drain stream sockets of data requests if we need to and then

close down the socket Draining can happen synchronously with

the Cancel function or asynchronously with the Shutdown

function Then we call the Close function on the socket to close

it down and free up its resources

12.7 Closing and Checking Network Interfaces

As we stated in Section 12.2 we can access the status of network

interface with an RNif object In addition to simply checking
connection progress we can check the condition of the network

interface and can shut it down through objects of this class
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for specific situations, for example, getting routing information 
from an ICMP packet, rather than general TCP/IP packet settings. 
All are set using Ioctl () calls. Remember that Ioctl () varies 
its format depending on the option and whether that option is 
being set or simply queried for its value. The options are given in 
\Epoc32\include\in_sock.h. 

12.5 Exchanging Data 

Once we have opened and configured a socket and have either 
connected or accepted a connection, we have a socket with appli­
cations on both ends looking to exchange data. At this point, we 
will use the same API as for other socket connections. There is very 
I ittle that changes from lrDA socket data exchange to TCP/IP socket 
data exchange. 

We do, however, have access to more flexibility with TCP/IP 
sockets. We can access raw sockets, for example, that allow the 
formation of any type of data packet. If we do not want to exchange 
byte streams, for example, but want to send specific types of data, 
we need to use raw sockets. An NTP client request, for example, 
has a specific packet format that must be sent from an IP layer. We 
can construct this using raw sockets. 

Because the API is the same, protocol issues do not change. 
We still have protocol initialization and termination concerns and 
must adjust our access to the type of socket connection (streams or 
datagrams) that we are using. 

12.6 Closing a Socket 

Closing a TCP/IP socket is no different than closing other sockets: we 
should drain stream sockets of data requests (if we need to) and then 
close down the socket. Draining can happen synchronously with 
the Cancel () function or asynchronously with the Shutdown () 
function. Then we call the Close () function on the socket to close 
it down and free up its resources. 

12.7 Closing and Checking Network Interfaces 

As we stated in Section 12.2, we can access the status of a network 
interface with an RNif object. In addition to simply checking 
connection progress, we can check the condition of the network 
interface and can shut it down through objects of this class. 
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Consider the function below

TBool CPullerAppUi IsNetworkOpen

TInt result
TBool res
RNif iNif

// Open the network interface

reeult iNif.OpenQ
if result KErrNone return EFalse

// Now teat it

res ETrue
result iNif.NetworkActiveres
if result KErrNone res EFalse
iNif.Close

return res

This function uses an RNif object to open network interface and

check the active status through that object
We can also shutdown an interface using an RNif object The

function below demonstrates this

void CPullerApplJi DisconnectFromNetwork

RNif iNif
TInt result

result iNif.Open
if result KErrNone return EFalse
result iNif.StopO
iNif.CloseO

The Stop function will close down network interface that has

been successfully opened

12.8 Another Example Fetching Web Page

Lets consider new example Lets say we want an application

that will fetch and store Web page We will develop class

PageGrabber whose specification looks something like this

class PaqeGrabber public CActive

enum TState ENotConnected ENameResolved

ESocketOpened EGrabbinqPage

EshuttingDownConnectiori
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Consider the function below: 

TBool CPullerAppUi: :IsNetworkOpen() 
{ 

Tint result; 
TBool res; 
RNif iNif; 

II Open the network interface 
result= iNif.Open(); 
if (result != KErrNone) return EFalse; 

II Now test it 
res= ETrue; 
result= iNif.NetworkActive(res); 
if (result != KErrNone) res= EFalse; 
iNif.Close(); 

return res; 
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This function uses an RNif object to open a network interface and 
check the active status through that object. 

We can a!so shutdown an interface using an RNif object. The 
function below demonstrates this: 

void CPullerAppUi: :DisconnectFromNetwork() 
{ 

RNif iNif; 
Tint result; 

result= iNif.Open(); 
if (result != KErrNone) return EFalse; 
result= iNif.Stop(); 
iNif.Close(); 

The Stop () function will close down a network interface that has 
been successfully opened. 

12.8 Another Example: Fetching a Web Page 

Let's consider a new example. let's say we want an application 
that will fetch and store a Web page. We will develop a class, 
PageGrabber, whose specification looks something like this: 

class PageGrabber: public CActive 
{ 

enum TState {ENotConnected, ENameResolved, 
ESocketOpened, EGrabbingPage, 
EShuttingDownConnection}; 
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public
PageGrabberCPullerAppui aApptJi

-PageGrabber

public
static Pageprabber NewLCCPullerAppUi iAppUi
static PageGrabber NewLCPullerAppUi iAppUi

public
void ConstructLO
void IssueRequesttJRL aURL TDes Destflir

RFs afsSession

void DoCancelO
void RunLQ

private
CPullerAppUi iAppUi
URL webpage
RSocketServ socksvr
RSocket sock
RHostResolver resolver
RFile outstream logstream
RF5 fsSession
TState iConnect5tate

TNameEntry iHostEnt

TRequestStatus iStatus

TSockXfrLength reslen
TInt count

An object of this class is to be created with an Appt class i.e an

application interface as an argument The purpose of this class isto

retrieve Web page and store it in file This class is implemented

as an active object and is thus derived from the CActive class

28.1 Constructors and Deconstructors

We start here with the class constructor

PageGrabber PageGrabber CPullerAppUi aAppUi
CActive

iAppUi aAppUi
iConnectState EMotConnected
count

Notice here that in addition to setting up some variables we are

initializing state variable iConnect5tate that will be used to

control the action of the active object The initial value reflects the

fact that no socket is connected to remote Web server
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public: 
PageGrabber (CPullerAppUi* aAppUi); 
~PageGrabber () ; 

public: 
static PageGrabber* NewLC(CPullerAppUi* iAppUi); 
static PageGrabber* NewL(CPullerAppUi* iAppUi); 

public: 
void ConstructL(); 
void IssueRequest(URL aURL, TDes* DestDir, 

RFs afsSession); 

void DoCancel(); 
void RunL(); 

private: 

} ; 

CPullerAppUi* iAppUi; 
URL webpage; 
RSocketServ socksvr; 
RSocket sock; 
RHostResolver resolver; 
RFile outstream, logstream; 
RFs fsSession; 
TState iConnectState; 
TNameEntry iHostEnt; 
TRequestStatus iStatus; 
TSockXfrLength reslen; 
Tint count; 

An object of this class is to be created with an AppUi class (i.e., an 
application interface) as an argument. The purpose of this class is to 
retrieve a Web page and store it in a file. This class is implemented 
as an active object and is thus derived from the CActi ve class. 

12.8.1 Constructors and Deconstructors 

We start here with the class constructor. 

PageGrabber: :PageGrabber(CPullerAppUi* aAppUi) 
: CActive() 

}; 

iAppUi = aAppUi; 
iConnectState = ENotConnected; 
count= O; 

Notice here that in addition to setting up some variables, we are 
initializing a state variable iConnectState that will be used to 
control the action of the active object. The initial value reflects the 
fact that no socket is connected to a remote Web server. 
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We define few functions that will allow for the safe creation

of PageGrabber objects These call the class contructor and use

clean up stack to safely manipulate memory

PageGrabber PageGrabberNewLCCPullerAppUi aAppui

PageGrabber self new ELeave PaqeGrabberaAppUi
CleanupStack PushLself
self-Constr-uctL

return self

PageGrabber PageGrabber NewLCPullerApplJi aApptli

PageGrabber self NewLCaAppui
CleanupStack Pop

return self

The second phase constructor ConstructL will simply add this

active object to the scheduling queue

void PageGrabber ConstructL

CActiveScheduler Addthie

There is not much to deconstruct We make sure that the active

object is cancelled

PageGrabber PageGrabber

CActive Cancel

12.8.2 Cancelling the Page Grabber

Recall that an active object must have two functions implemented

by subclasses DoCancel and RunL We will implement
RunL in later section the implementation of DoCancel is

below

void PageGrabber DoCancel

sock.CancelAll
sock Close

outstream.Close
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We define a few functions that will allow for the safe creation 
of PageGrabber objects. These call the class contructor and use a 
clean up stack to safely manipulate memory. 

PageGrabber* PageGrabber: :NewLC(CPullerAppUi* aAppUi) 
{ 

PageGrabber* self=new (ELeave) PageGrabber(aAppUi); 
CleanupStack::PushL(self); 
self->ConstructL(); 

return self; 

PageGrabber* PageGrabber: :NewL(CPullerAppUi* aAppUi) 
{ 

PageGrabber* self= NewLC(aAppUi); 
CleanupStack: :Pop(); 

return self; 

The second phase constructor ConstructL () will simply add this 
active object to the scheduling queue. 

void PageGrabber: :ConstructL() 
{ 

CActiveScheduler: :Add(this); 

There is not much to deconstruct. We make sure that the active 
object is cancelled. 

PageGrabber.: :-PageGrabber() 
{ 

CActive: :Cancel(); 

12.8.2 Cancelling the Page Grabber 

Recall that an active object must have two functions implemented 
by subclasses: DoCancel () and RunL (). We will implement 
RunL () in a later section; the implementation of DoCancel () is 
below: 

void PageGrabber: :DoCancel() 

sock.CancelAll(); 
sock.Close(); 
outstream.Close(); 
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It consists of several Close calls with synchronous canceling

of I/O requests on the socket

12.8.3 The PageGrabber State Diagram

To understand how pages are grabbed we must first look at

the state diagram for the PageGrabber active object The set

of states the active object can be in is given by the following

enumeration

enum TState ENotConnected ENameResolved ESocketOpened

EGrabbingPage
EShuttingflownconnectiOn

There are six possible states and Figure 12.2 shows how we tran

sition between them The transitions are labeled with the calls that

each state transition is waiting for or the condition that causes the

transition The diagram is bit simplistic in that transitions to the

error state have been left out

ENot EShutting

Connected DownCon
nection

IssueRequest stat KErrNone

Get

GetByNameO11_onnect

Figure 12.2 State diagram for the PageGrabber active object
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It consists of several Close () calls with a synchronous canceling 
of 1/0 requests on the socket. 

12.8.3 The PageGrabber State Diagram 

To understand how pages are grabbed, we must first look at 
the state diagram for the PageGrabber active object. The set 
of states the active object can be in is given by the following 
enumeration: 

enum TState {ENotConnected, ENameResolved, ESocketOpened, 
EGrabbingPage, 
EShuttingDownConnection}; 

There are six possible states, and Figure 12.2 shows how we tran­
sition between them. The transitions are labeled with the calls that 
each state transition is waiting for or the condition that causes the 
transition. The diagram is a bit simplistic in that transitions to the 
error state have been left out. 

stat !=KErrNone 

GetByName() 

~ 
/ 

Connect() 

Figure 12.2 State diagram for the PageGrabber active object. 
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12.8.4 Starting the Page Grab

The grabbing of page is started by calling the IssueRequest
function of the PageGrabber class The calling application will

use something like this

iGrabber PageGrabberNewLthis
iGrabber-IssueRequestwebpage fname fsSession

where iGrabber is an object of the PageGrabber class web-

page is defined to be of type URL name filename is string

TBuf256 is easy and fsSession file server session is of

type RFs This call will return right away and will set page grab

in motion

N.B The URL class is one written for this application The func

tions are self-explanatory please look them up in the source code

The definition of IssueRequest is below The code does

two things it generates random filename if the filename given is

formed incorrectly and it starts the active object sequence

void PageGrabberIssueRequestURL aURL TDes aFilename
RFs afsSession

TBuf256 str
TBuf25 nf name
TInt errpos
TPtrC iAddressDesc
Tparse filestorename

// Copy the arguments for later use

fsSession afsSession
webpage Copy aURL

// Run some tests on the filename given

fssession.parseaFilenamefilestorename
ConeUtils EnsurePathExistsL

filestorename.DriveAndPathO
err outstream.ReplacefsSession

filestorename FullName
EFileWrite EFileStreamText

// The filename was bad name empty or something else

// We generate random name here

if err KErrBadName
TTime now
T1nt64 seed now.1nt640
now.HomeTime
nfname.FormatLfn%d TIntMath Randseed

ANOTHER EXAMPLE: FETCHING A WEB PAGE 227 

12.8.4 Starting the Page Grab 

The grabbing of a page is started by calling the IssueRequest ( ) 

function of the PageGrabber class. The calling application will 
use something like this: 

iGrabber = PageGrabber: :NewL(this); 
iGrabber->IssueReguest(webpage, &fname, fsSession); 

where iGrabber is an object of the PageGrabber class, web­
page is defined to be of type URL, fname (a filename) is a string 
(TBuf<256> is easy), and fsSession (a file server session) is of 
type RFs. This call will return right away and will set a page grab 
in motion. 

N.B. The URL class is one written for this application. The func­
tions are self-explanatory; please look them up in the_ source code. 

The definition of IssueRequest () is below. The code does 
two things: it generates a random filename if the filename given is 
formed incorrectly, and it starts the active object sequence. 

void PageGrabber::IssueRequest(URL aURL, TDes *aFilename, 
RFs afsSession) 

TBuf<256> str; 
TBuf<25> nfname; 
Tint err,pos; 
TPtrC iAddressDesc; 
TParse filestorename; 

I I Copy the arguments for later use 
fsSession = afsSession; 
webpage.Copy(aURL); 

I I Run some tests on the f i lename given 
isSession.Parse(*aFilename,filestorename}; 
ConeUtils: :EnsurePathExistsL ( 

filestorename.DriveAndPath ()); 
err= outstream.Replace(fsSession, 

filestorename.FullName(), 
EFileWritelEFileStreamText); 

/ I The filename was a bad name (empty or something else) 
II We generate a random name here 
if (err== KErrBadName) { 

TTime now; 
Tlnt64 seed= now.Int64(); 
now.HomeTime( ) ; 
nfname . Format (_L ( 11 fn%d"), (Tlnt) Math:: Rand (seed)) ; 
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pos aFilename-LocateReverSe\\
str.CopyaFilename-Left posi
str.Appendnfname
str.AppendL .htm
fsSession.Parsestrfilestorename
err outstream.Replace fsSession

filestorename.FullName
EFileWrite EFileStreamText

II Abandon ship if there is still problem
User LeavelfErrorerr

II Announce our intentions

str Copy Opening Network Connection
iAppUi-SetProgressText str

/7 Connect to the socket server

err socksvr.ConnectO
User LeavelfError err

/7 Now resolve the name given in the URL

err resolver.Opensocksvr KAflnet KProtocollnetTcp
User LeavelfErrorerr
iAddressDesc.Set aURL.host

resolver.GetByNameiAddressDesc iHostEnt iStatus

/7 This is the first step in the process Set the

7/connection state and kick the active object

iConnectState ENameResolved
SetActive

This code checks the filename opens it and starts the resolver

resolving the hostname of the URL given Note that the host resolver

can resolve numeric IP addresses as well as names which means

that name like 192 168 100 10 will resolve just as well as

http//www.symbian.com and both are legal

12.8.5 Implementing RunL

We implement RunL as large switch statement This function

will run when pending I/O functions return and how these returns

are handled is based on the value of the iConnectState variable

run through the switch statement Lets look at this function

walking through the switch statement one case at time

The first case is used when name resolution has completed

void PageGrabber RunL

TInt poserr
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pos = aFilename->LocateReverse( '\\ '); 
str.Copy(aFilename->Left(pos+l)); 
str.Append(nfname); 
str.Append(_L(".htm")); 
fsSession.Parse(str,filestorename); 
err= outstream.Replace(fsSession, 

filestorename.FullName(), 
EFileWritelEFileStreamText); 

/ / Abandon ship if there is still a problem 
u·ser : : LeaveifError (err); 

/ / Announce our intentions 
str . Copy(_ L("Opening Network Connection")); 
iAppUi->SetProgressText(&str); 

// Connect to the socket server 
err= socksvr.Connect(); 
User::LeaveifError(err); 

// Now r esolv e the name given in the URL 
err= resolver . Open(socksvr, KAfinet, KPr otocolinetTcp ); 
User ::LeaveifError (err); 
iAddress Desc. Set(aURL.host); 
r e s o l ver.GetByName (iAddress Desc , i HostEnt , iStatus); 

// Thi s is the first s t ep in the p r oc e ss. Set the 
//" connection state and kic k the active object 
iConnectState = ENameResolv ed; 
SetAc tive(); 

This code checks the filename, opens it, and starts the resolver 
resolving the hostname of the URL given. Note that the host resolver 
can resolve numeric IP addresses as well as names, which means 
that a name like 192 .168 .100 .10 will resolve just as well as 
http://www.symbian.com, and both are legal. 

12.8.5 Implementing RunL () 

We implement RunL () as a large switch statement. This function 
will run when pending 1/0 functions return, and how these returns 
are handled is based on the value of the iConnectState variable, 
run through the switch statement. Let's look at this function, 
walking through the switch statement one case at a time. 

The first case is used when name resolution has completed. 

void Pa ge Grabbe r : :RunL( ) 
{ 

Tint .? os , e rr; 
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TBufB800 line
TInt portno

switch iconnectState
case ENameResolved

if iStatus KErrNone
II set up the address

portno webpage.port
address iT-IostEnt .iAddr
address SetPort portno

// open the socket

err sock.Opensocksvr KAflnet
KSockStream KProtocollnetTcp

User LeavelfError err

// start the connection process
Sock.Connectaddress iStatus

II change the state and start the wait

iConnectState ESccketOpened
SetActive

else

/1 handle an error in name resolution

break

If name resolution has completed successfully we should have an

address value in the address variable The next step is to retrieve

the IP address from the resolution results and the port number from

the URL and to build TlnetAddr object from them We then use

this object to open socket and start the connection to the remote

Web server

When the case below is invoked we have connection and the

remote Web server is waiting for command from this process

case ESocketOpened
if iStatus KErrNone

7/ Set up the command string for the Web page
/7 fetch

line.CopyLGET
line .Append webpage .protocol
line .Append 1/
line.Appendwebpage.host
line .Appand webpage file
for posO posline.Length pos

if line \\ line
line.AppendL\xD\xA

7/ Send this command to the Web server

sock-Writeline iStatus
7/ Move new state and return to the scheduler
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TBufB<B00> line; 
Tint portno; 

switch (iConnectstate) 
case ENameResolved: 

if (iStatus == KErrNone) 
II set up the address 
portno = webpage.port; 
address= iHostEnt() .iAddr; 
address.SetPort(portno); 

II open the socket 
err= sock.Open(socksvr, KAfinet, 

KSockStream, KProtocolinetTcp); 
User: :LeaveifError(err); 

II start the connection process 
Sock.Connect(address, iStatus); 

II change the state and start the wait 
iConnectState = ESocketOpened; 
SetActive (); 

else { 
II handle an error in name resolution 

break; 
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If name resolution has completed successfully, we should have an 
address value in the address variable. The next step is to retrieve 
the IP address from the resolution results and the port number from 
the URL and to build a TinetAddr object from them. We then use 
this object to open a socket and start the connection to the remote 
Web server. 

When the case below is invoked, we have a connection, and the 
remote Web server is waiting for a command from this process. 

case ESocketOpened: 
if (iStatus == KErrNone) 

II Set up the command string for the Web page 
II fetch 
line . Copy{_ L( 11 GET 11 )); 

line.Append(webpage.protocol); 
line .Append (_L ( 11 : I I 11 )) ; 

line.Append(webpage.host); 
line.Append(webpage.file); 
for (pos=0; pos<line.Length(); pos++) 

if (line[pos] == '\\') line[pos] 'I'; 
line .Append (_L ( 11 \xD\xA 11

)); 

II Send this command to the Web server 
sock->Write(line, iStatus); 
II Move a new state and return to the scheduler 
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iConriectState EGrabbingPage
SetActive

else

// handle connection error

break

The code constructs simple GET command and sends it to the

Web server we discussed the GET command in Section 5.2.1 Note

the Append call that puts the string lI\xD\XAT at the end of the

command string This is necessary for the Web server to find the

end of the string

The third case is the response from the Web server with the Web

page we asked for ora set of HTML lines
stating an error Either way

we store it to file

case EGrabbingPage
if iStatus KErrNone

// Set up the receive

reslen 250
sock-RecvOneOrMoreaflesc iStatusreslen
outstream.Write aDesc

// Record and wait
iConnectState EGrabbingPage

iProcessingState ENormal
SetActive

else

iConnectState EShuttingDownConnection
// signal connection shutdown

break

Here we use RecvOneOrNore to pick up data from the socket

and write whatever we have to the file We use RecvOneOrMore

to buffer the effects of network delay or disconnection from the

network When an error occurs either the stream is closed by the

remote side or some connection error has occurred Either way we
shut down the connection

Finally this last Bootean condition finds the case where we are

shutting down our socket connection

if iConnectState EShuttingflownconnection
iApplji-ShutflownGrabO /1 signal shutdown to app

sock.CancelAll

sock.Close
outstream.Close
delete this
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iConnectState = EGrabbingPage; 
SetActive (); 

else { 
II handle a connection error 

break; 

The code constructs a simple GET command and sends it to the 
Web server (we discussed the GET command in Section 5.2.1). Note 
the Append () call that puts the string "\xD\xA" at the end of the 
command string. This is necessary for the Web server to find the 
end of the string. 

The third case is the response from the Web server with the Web 
page we asked for ora set_of HTML lines stating an error. Either way 
we store it to a file. 

case EGrabbingPage: 
if (iStatus == KErrNone) 

II Set up the receive 
reslen = 250 ; 
sock- >RecvOneOrMore (aDesc,0, iStatus,reslen); 
outstream.Write(*aDesc); 

II Record and wait! 
iConnectState = EGrabb ingPage; 
iProcessingState = ENormal; 
SetActive(); 

else { 
iConnectState = EShuttingDownConnection; 
II signal connection shutdown 

break; 

Here, we use RecvOneOrMore () to pick up data from the socket 
and write whatever we have to the file. We use RecvOneOrMore () 

to buffer the effects of network delay or disconnection from the 
network. When an error occurs, either the stream is closed by the 
remote side or some connection error has occurred. Either way, we 
shut down the connection. 

Finally, this last Boolean condition finds the case where we are 
shutting down our socket connection. 

if (iConnectState == EShuttingDownConnection) 
iAppTJi- >S}:lutDownGrab () ; I I signal .shutdown to app 
sock . Cancel All(); 
sock.Close(); 
outs tre a m. Close() ; 
delete this; 
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In this code we signal to the application that the connection is

down and we go through the standard socket shutdown routine

Notice that at the end of the code the active object deletes itself

This is an easy way to make sure the object is deleted only after all

the socket I/O has been completed

Deleting the Socket

In the code above the active object deletes itself It is slightly

odd behavior for an object to delete itself How could you

structure it so that the object that created this active object

correctly deleted it What would you have to check in order lo

make sure all resources were correctly handled What issues are

involved

Further can you teU why we allocated socket as pointer in

the first place Why did we not just use declared socket object

12.9 Sending Datagrams

Protocols such as HTTP FTP Telnet and WAP work with connected

sockets with data streams However many UDP and IP connections

need data sent in different ways By their nature these protocols

are designed in request-response pairs and the request must have

specific format

Consider as an example Network Time Protocol NTP NTP

servers are supposed to have access to accurate time sources and

to respond with sample of the accurate time when an NIP client

makes request This request comes in on port 123 and takes

the form of an NIP packet shown in Figure 12.3 NIP socket

communication is UDP connection using datagrams

At first glance sending NIP packets may appear straightforward

One simple way to do this would be to use multiple Write

or SendTo statements one per field in the NTP packet This

involves several mistakes but the biggest is that each statement

causes data to be sent out as datagram resulting in the NIP case

as 15 datagrams each in the wrong format rather than single

correct datagram

correct way to send datagrams with specific formats is to

send single buffer containing all the data in the datagram It

can be bit challenging to configure buffer full of bytes in the

correct format but helps us out through the ability to overlay

memory
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In this code, we signal to the application that the connection is 
down, and we go through the standard socket shutdown routine. 
Notice that at the end of the code, the active object deletes itself. 
This is an easy way to make sure the object is deleted only after all 
the socket 1/0 has been completed. 

12.9 Sending Datagrams 

Protocols such as HTTP, FTP, Telnet, and WAP work with connected 
sockets with data streams. However, many UDP and IP connections 
need data sent in different ways. By their nature, these protocols 
are designed in request-response pairs, and the request must have a 
specific format. 

Consider, as an example, Network Time Protocol (NTP). NTP 
servers are supposed to have access to accurate time sources and 
to respond with a sample of the accurate time when an NTP client 
makes a request. This request comes in on port 123 and takes 
the form of an NTP packet, shown in Figure 12.3. NTP socket 
communication is a UDP connection using datagrams. 

At first glance, sending NTP packets may appear straightforward. 
One simple way to do this would be to use multiple Write () 

or SendTo () statements, one per field in the NTP packet. This 
involves several mistakes, but the biggest is that each statement 
causes data to be sent out as a datagram, resulting in the NTP case 
as 15 datagrams, each in the wrong format, rather than a single, 
correct datagram. 

A correct way to send datagrams with specific formats is to 
send a single buffer containing all the data in the datagram. It 
can be a bit challenging to configure a buffer full of bytes in the 
correct format, but c++ helps us out through the abi I ity to overlay 
memory. 
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Leap Indicator Version Number

Mode Stratum Poll Precision

Root Delay

Root Dispersion

Reference Identifier

Reference Timestamp 64 bits

Originate Timestamp 64 bits

Originate Timestamp 64 bits

Receive Timestamp 64 bits

Transmit Timestamp 64 bits

Figure 12.3 NTP datagram format

Lets consider structure that depicts an NTP datagram

struct pkt

char livn mode contains leap indicator version
and mode

u_char stratum peers stratum
uchar ppoll the peer polling interval

char precision peer clock precision
s_fp rootdelay distance to primary clock

u_fp rootdispersion clock dispersion
uint32 refid reference clock ID

lfp reftime time peer clock was last updated

lfp org originate time stamp

lfp rec receive time stamp

lfp xmt transmit time stamp

The data types referenced above are not standard Symbian types
This code is used from public domain source cOde for NTP services

Symbian OS design adapts well to this code as well as its own The

types are as follows

u_char unsigned char bits

s_char signed char bits

u_1nt32 unsigned integer 32 bits

ufp unsigned floating point 32 bits
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Leap Indicator Version Number 

\ I 
\ / 

1 
/ Mode I Stratum I Poll I Precision 

Root Delay 

Root Dispersion 

Reference Identifier 

Reference Timestamp (64 bits) 

Originate Timestamp (64 bits) 

Originate Timestamp (64 bits) 
y 

Receive Timestamp (64 bits) 

Transmit Timestamp (64 bits) 

Figure 12.3 NTP datagram format. 

Let's consider a c++ structure that depicts an NTP datagram: 

struct pkt { 

}; 

u char li_vn_mode; /* contains leap indicator, version 
and mode*/ 

u char stratum; /* peer's stratum*/ 
u char ppoll; /* the peer polling interval*/ 
s_char precision; /* peer clock precision*/ 

s_fp rootdelay; /* distance to primary clock*/ 
u_fp rootdispersion;/* clock dispersion*/ 
u_int32 refid; /* reference clock ID*/ 
l_fp reftime; /* time peer clock was last updated* / 
l_fp org; / * originate time stamp* / 
l _fp rec; /* receive time stamp*/ 
l_fp xmt; /* transmit time stamp*/ 

The data types referenced above are not standard Symbian types. 
This code is used from public domain source code for NTP services. 

Symbian OS design adapts well to this code as well as its own. The 
types are as fol lows: • 

• u _ char: unsigned char, 8 bits 

• s _ char: signed char, 8 bits 

• u_int32: unsigned integer, 32 bits 

• u_ fp: un~igned floating point, 32 bits 
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sfp signed floating point 32 bits

lfp long signed floating point 64 bits

To build buffer that holds this packet we declare the following

u_char outpack
struct pkt xpkt struct pkt outpack
TBuf864 icpbuffer

Here we have declared buffer of 8-bit bytes 64 bytes long

Through the magic of we have made the memory space of

this buffer occupy the same memory space as the pkt structure

So any changes we make to the memory referenced by the xpkt

pointer will be made in the outpack buffer When we are finished

constructing the NTP packet we copy the outpack buffer to the

icpbuffer and send the cpbuffer to NTP server

We can see this in the portion of the RunL function shown

below In this code we have already connected socket to the

remote NTP server and must now construct the packet and send

it There is fair amount of the NTP client code am not showing

youso that we can illustrate sending datagram packetso bear

with some of the macro definitions

case ESocketOpened
if iStatus KErrNone

/7 assemble the NTP packet

xpkt-livn mode PKT LI VNMODE LEAP NOTINSYNC

sys version MODE_CLIENT
xpkt-stratum STRATtJNTOPKTSTRATtJM3NSPEC
xpkt-ppoll NTPMINPOLL
xpkt-precision NTPDATE PRECISION
xpkt-rootdelay htonl NTPDATE DISTANCE
xpkt-rootdispersion htonl NTPDATEDISP
xpkt-refid htonl NTPDATEREFID
/7 Clear the time fields

LCLRxpktreftime
LCLR xpkt-org
L_CLRxpkt-rec

/7 get the local time and put it into the

/7 time fields

1_f xmt
void gettimeofdaytv struct timezone

xmt.li tv.tv sec JAN1970
dtemp tv.tvusec FRAC leO
if dtemp FRAC xmt.li
xmt.luf uint32dtemp
xpkt-xmt.lui htonlxmt.lui
xpkt-xmt.luf htonlxmt.luf
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• s_fp: signed floating point, 32 bits 

• l _fp: long, signed floating point: 64 bits 

To build a buffer that holds this packet, we declare the following: 

u_char outpack[64]; 
struct pkt *xpkt = (struct pkt *)outpack; 
TBuf8<64> icpbuffer; 

Here, . we have declared a buffer of 8-bit bytes, 64 bytes long. 
Through the magic of c++, we have made the memory space of 
this buffer occupy the same memory space as the pkt structure. 
So any changes we make to the memory referenced by the xpkt 
pointer will be made in the outpack buffer. When we are finished 
constructing the NTP packet, we copy the outpac~ buffer to the 
icpbuffer and send the icpbuf fer to NTP server. 

We can see this in the portion of the RunL () function shown 
below. In this code, we have already connected a socket to the 
remote NTP server and must now construct the packet and send 
it. There is a fair amount of the NTP client code I am not showing 
you-so that we can illustrate sending a datagram packet-so bear 
with some of the macro definitions. 

case ESocketOpened: 
if (iStatus == KErrNone) 

II assemble the NTP packet 
xpkt->li_vn_mode = PKT_LI_VN_MODE(LEAP_NOTINSYNC, 

sys_version, MODE_CLIENT); 
xpkt->stratum = STRATUM_TO_PKT(STRATUM_UNSPEC); 
xpkt->ppoll = NTP_MINPOLL; 
xpkt->precision = NTPDATE_PRECISION; 
xpkt->rootdelay = htonl(NTPDATE_DISTANCE); 
xpkt->rootdispersion = htonl(NTPDATE_DISP); 
xpkt->refid = htonl(NTPDATE_REFID); 
II Clear the time fields 
L_CLR(&xpkt->reftime); 
L_CLR(&xpkt->org); 
L_CLR(&xpkt->rec); 

II get the local time and put it into the 
II time fields 
l_fp xmt; 
(void) gettimeofday(&tv, (struct timezone *)0); 
xmt.l_i = tv.tv_sec + JAN_1970; 
dtemp = tv.tv_usec * FRAC I le6; 
if (dtemp >= FRAC) xmt.l_i++; 
xmt.l_uf = (u_int32)dtemp; 
xpkt->xmt.l_ui htonl(xmt.l_ui); 
xpkt->xmt.l_uf = htonl(xmt . l_uf); 



234 COMMUNICATING WITH TCP/IP

// Send the packet
icpbuffer.SetLengthO
icpbuf far Append outpack MAXPACKET

sock.Writeicpbuffer stat

iConnectState ESendingNTPReqUeSt
SetActive

else

/1 signal connection failure

break

Notice how the code treats the structure pointed to by the xpkt

variable as struct then copies the same memory space by

using the outpack buffer as an array

Other datagram protocols can be worked with in similar way
These include lookup services like DNS and LDAP information

protocols like RIP for routing and WHO logged in users on time

sharing system and miscellaneous protocols like daytime and echo

protocols ICMP would also be accessed the same way although

you need to open socket of the protocol KProtocollnetlcmp

and type of KSockRaw

12.10 Summary

This chapter has surveyed what it takes to communicate using Sym
bian devices over TCP/IP networks We looked at several different

ways sockets are used to send packets over the different TCP/IP

protocol layers Specifically we looked at the following topics

We briefly reviewed the relationship between TCP/IP and Sym
bian devices We reviewed how connections to network are

made what TCP/IP protocols are supported and what constructs

Symbian OS provides for us to talk about TCP/IP

We looked at the NifManthe network interface managerand
how network interfaces are manipulated

We then went through the stages of using sockets and how

TCP/IP fits into these stages

We reviewed two examples retrieving Web page from server

as an example of TCP level protocols and implementing an NTP

client as an example of using datagram packets

The next chapter takes sockets and tackles Bluetooth protocols with

them We will be introducing new examples as well as revisiting

our old friend TodoX
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II Send the packet 
icpbuffer.SetLength (O) ; 

icpbuffer.Append(outpack, MAXPACKET); 

sock .Write (icpbuffer, stat); 

iConnectState = ESe ndingNTPRequest ; 

SetActi ve () ; 
else { 
II signal a connection failure 

break; 

Notice how the code treats the structure pointed to by the xpkt 

variable as a c++ struct, then copies the same memory space by 

using the outpack buffer as an array. 
Other: datagram protocols can be worked with in a similar way. 

These include lookup services like DNS and LDAP, information 

protocols like RIP (for routing) and WHO (logged in users on a time­

sharing system), and miscellaneous protocols like daytime and echo 

protocols. ICMP would also be accessed the same way, although 

you need to open a socket of the protocol KProtocolineticmp 

and a type of KSockRaw. 

12.10 Summary 

This chapter has surveyed what it takes to communicate using Sym­

bian devices over TCP/IP networks. We looked at several different 

ways sockets are used to send packets over the different TCP/IP 

protocol layers. Specifically, we looked at the following topics: 

• We briefly reviewed the relationship between TCP/IP and Sym­

bian devices. We reviewed how connections to a network are 

made, what TCP/IP protocols are supported, and what constructs 

Symbian OS provides for us to talk about TCP/IP. 

• We looked atthe NifMan- the network interface manager-and 

how network interfaces are manipulated. 

• We then went through the stages of usi·ng sockets and how 

TCP/IP fits into these stages. 

• We reviewed two examples: retrieving a Web page from a server 

as an example of TCP level protocols and implementing an NTP 

client as an example of using datagram packets. 

The next chapter takes sockets and tackl es Bluetooth protocols w ith 

them. We will be introducing new examples as well as revisiting 
our old friend, TodoX. • 
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Bluetooth Communications

In 908 Thyre the wife of Denmarks King Gorm the Old gave
birth to son The boy was named Harald Blatantor translated

Harald Bluetoothand he became king of Denmark from 940 to

981 He possessed great skills of communication and could make

people talk to each other during his rule Denmark and Norway
were Christianized and united It is these skills in communication

and unification that Bluetooth designers tried to capture as they

chose his name to identify the wireless technology that we will

examine in this chapter
Bluetooth identifies suite of protocols and model for radio

transmission that focuses on short range wireless communication
As with other protocol stacks the Symbian OS provides support
for the Bluetooth protocol suite by extending the socket model
to include Bluetooth protocol modules In addition to Bluetooth

sockets the Symbian OS has solid implementation of Bluetooth

device and service discovery and of the Bluetooth security model
We will look at this Bluetooth support in this chapter We

will start as we have with previous chapters by reviewing the

Bluetooth model and the way the Symbian OS addresses it We
will then take close look at device and service discovery which
features prominently in the way Bluetooth works We will follow

this by relating sockets to the Bluetooth model through all the

socket phases we have discussed in other chapters We will close

the chapter by looking at an example of instant messaging using

Bluetooth protocols

13.1 Considerations for Bluetooth Communication

13.1.1 Reviewing the Bluetooth Model

The Bluetooth model for communications is built from specifica

tion for radio transmission driver for this radio module and
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In 908, Thyre, the wife of Denmark's King Gorm the Old, gave 
birth to a son. The boy was named Harald Blatant-or, translated, 
Harald Bluetooth-and he became king of Denmark from 940 to 
981 . He possessed great skills of communication and could make 
people talk to each other; during his rule, Denmark and Norway 
were Christianized and united. It is these skills in communication 
and unification that Bluetooth designers tried to capture as they 
chose his name to identify the wireless technology that we will 
examine in this chapter. 

Bluetooth identifies a suite of protocols and a model for radio 
transmission that focuses on short range wireless communication. 
As with other protocol stacks, the Symbian OS provides support 
for the Bluetooth protocol suite by extending the socket model 
to include Bluetooth protocol modules. In addition to Bluetooth 
sockets, the Symbian OS has a solid implementation of Bluetooth 
device and service discovery and of the Bluetooth security model. 

We will look at this Bluetooth support in this chapter. W e 
will start, as we have with previous chapters, by reviewing the 
Bluetooth model and the way the Symbian OS addresses it. We 
will then take a close look at device and service discovery, which 
features prominently in the way Bluetooth works. We will follow 
this by relating sockets to the Bluetooth model, through all the 
socket phases we have discussed in other chapters. We will close 
the chapter by looking at an example of instant messaging using 
Bluetooth protocols. 

13.1 Considerations for Bluetooth Communication 
13.1.1 Reviewing the Bluetooth Model 

The Bluetooth model for communications is built from a specifica­
tion for radio transmission, a driver for this radio module, and a 
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stack of protocols built on top of the driver that implements various

forms of data transmission Back in Section 4.5 we overviewed the

Bluetooth protocols and in Figure 4.6 we displayed diagram of

these protocols and how they relate to one another

For our purposesi.e transferring data over Bluetoothwe can

group the protocols into software and hardware groups and focus

on the software Figure 13.1 holds redrawing of Figure 4.6 with

separation of protocols into hardware and software groups LMP
Baseband and Audio protocols are typically handled by Bluetooth

hardware L2CAP SDP and RFCOMM are typically implemented

in software

Other Transport

Protocols
SDP

RFCOMM

L2CAP
LMP Audio

Baseband

Figure 13.1 Protocol layers in this chapter

We will focus on the software protocols We will use sockets

that work through the L2CAP layer or the RFCOMM layer L2CAP

sockets allow finer-grai ned control of the connection implementing

properties much like TCP in the internetwork world RFCOMM
sockets have properties like serial communication The typical

choice of applications is to use L2CAP sockets SDP will be used to

discover remote devices and the services they offer in the Bluetooth

world discovery is important As Bluetooth devices are generally

mobile and Bluetooth radio signal has short range it is likely

that Bluetooth devices will frequently move in and out of range

of other Bluetooth devices This movement means that discovery

may have to be ongoing an asynchronous activity that proceeds in

parallel with an applications functionality

13.1.2 Spotlight on Bluetooth Device Services

In the other socket-based communications we have coveredIrDA

and TCP/IPwe have encountered two-part addressing of socket

connections In these previous two contexts addresses were made

up of hardware addresses and service ports For irDA the assignment
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stack of protocols built on top of the driver that implements various 
forms of data transmission. Back in Section 4.5, we overviewed the 
Bluetooth protocols and, in Figure 4.6, we displayed a diagram of 
these protocols and how they relate to one another. 

For our purposes-Le., transferring data over Bluetooth-we can 
group the protocols into software and hardware groups and focus 
on the software. Figure 13.1 holds a redrawing of Figure 4.6, with 
a separation of protocols into hardware and software groups. LMP, 
Baseband, and Audio protocols are typically handled by Bluetooth 
hardware; L2CAP, SOP, and RFCOMM are typically implemented 
in software. 

-----1 
I 

LMP I 

, Other Transport 
Protocols 

RFCOMM 

L2CAP 

Baseband 

SOP 

1------
1 

I Audio 

Figure 13.1 Protocol layers in th is chapter. 

We will focus on the software protocols. We will use sockets 
that work through the L2CAP layer or the RFCOMM layer. L2CAP 
sockets allow finer-grained control of the connection, implementing 
properties much like TCP in the internetwork world. RFCOMM 
sockets have properties like serial communication . The typical 
choice of applications is to use L2CAP sockets. SOP will be used to 
discover remote devices and the services they offer. In the Bluetooth 
world, discovery is important. As Bluetooth devices are generally 
mobile, and a Bluetooth radio signal has a short range, it is likely 
that Bluetooth devices will frequently move in and out of range 
of other Bluetooth devices. This movement means that discovery 
may have to be ongoing, an asynchronous activity that proceeds in 
parallel with an application's functionality. 

13.1.2 Spotlight on Bluetooth Device Services 

In the other socket-based communications we have covered-lrOA 
and TCP/IP-· we have encountered a two-part addressing of socket 
connections. In these previous two contexts, addresses were made 
up of hardwc1~e addresses and service ports. For lrDA, the assignment 
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of service port numbers is arbitrary for TCP/IP service port numbers

are assigned for some services and arbitrary for others For IrDA

there were no attributes attached to the port for TCP/IP there was

small set of attributes e.g protocol and socket type
The Bluetooth model extends this device/service address pair

ing for socket connections taking service address and attribute

assignment to higher level of formality and complexity Bluetooth

services are identified by unique ID number and are characterized

by list of service attributes In turn each attribute is characterized

by an ID number an attribute type and value The set of triples

ID type value that describe service are stored in database

maintained on each Bluetooth device with single record for each

service and its attributes So each Bluetooth device must maintain

database of services composed of service records where each

record is list of service attributes

For example lets say we have
digital camera that provides

an image service We want it to be the source for images for

wireless devices Simply allowing incoming connections to know

that it is providing an image service is not enough devices that

might use this service would want to know more information For

example useful information here might be image format image
height image width and color depth In addition remote device

might want to determine if the camera also provides shutter
servicethat is the ability to take picture We might visualize

these services like the diagram in Figure 13.2 The database is

Service Database

Image Service

image_formatiD string JPEG
image_width_ID integer 320
image_height_ID integer 240
pixel_depth_ID integer

Shutter Service

input_time_ID integer 50

Figure 13.2 Example service database contents
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of service port numbers is arbitrary; for TCP/IP, service port numbers 
are assigned for some services and arbitrary for others. For lrDA, 
there were no attributes attached to the port; for TCP/IP, there was 
a small set of attributes (e.g., protocol and socket type). 

The Bluetooth model extends this device/service address pair­
ing for socket connections, taking service address and attribute 
assignment to a higher level of formality and complexity. Bluetooth 
services are identified by a unique ID number, and are characterized 
by a list of service attributes. In turn, each attribute is characterized 
by an ID number, an attribute type and a value. The set of triples 
(ID, type, value) that describe a service are stored in a database 
maintained on each Bluetooth device, with a single record for each 
service and its attributes. So each Bluetooth device must maintain 
a database of services, composed of service records, where each 
record is a list of service attributes. 

For example, let's say we have a digital camera that provides 
an "image" service. We want it to be the source for images for 
wireless devices. Simply allowing incoming connections to know 
that it is providing an image service is not enough; devices that 
might use this service would want to know more information. For 
example, useful information here might be image format, image 
height, image width, and color depth. In addition, a remote device 
might want to determine if the camera also provides a "shutter" 
service-that is, the ability to take a picture. We might visualize 
these services like the diagram in Figure 13 .2. The database is 

Service Database 

Image Service 

(image_format_lD, string, "JPEG") 
(image_width_lD, integer, 320) 
(image_height_lD, integer, 240) 
(pixel_depth_lD, integer, 8) 
■ • ■ 

Shutter Service 

(input_time_lD, integer, 50) 

Figure 13.2 Example service database contents. 
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composed of set of services which in turn is set of attribute

triples In our example we might have at least four attribute triples

for the image service

Bluetooth device discovery then can also include service discov

ery With Bluetooth device not only looks for another Bluetooth

device it might also look for Bluetooth device that provides spe
cific service In the camera example handheld Bluetooth device

might want to be able to snap pictures that are in JPEG format of

any size with 8-bit color depth The camera we described above

would match that device search

It is worth noting here that this type of service discovery is

marked improvement from IrDA and TCP/IP discovery methods

Using IrDA sockets we are able to find device and to query its

lAS about service attributes However this service attribute infor

mation is very spare we can only find port number information

or the level of support for various protocols Using TCP/IP sock

ets we are not even able to collect this much information We
must know ahead of time which IP address and which port num
ber we want to connect to there is no way to ask machine

what ports are open In all fairness there are certainly methods

of using TCP/IP to find devices that provide services listening on

ports We could broadcast for devices for example or perform

scan on particular device for open ports However this is

not part of the socket connection process this would be sepa
rate time-consuming operation performed before attempting socket

connection

13.1.3 System Definitions for Bluetooth

As we have seen with previous protocol stacks the Symbian OS has

defined some system parameters that we must use when program

ming for Bluetooth communication

Bluetooth addresses are from the KBTAddrFamily
address family System definitions can be found in

\Epoc32\include\btsock.h where Bluetooth addresses are

characterized by the SBTAddr structure as below

Struct SBTAddr

TBTDevAddr iAddress

In turn the TBTDevAddr class is defined in the file

\Epoc32\include\bttypes .h as follows
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composed of a set of services, which in turn is a set of attribute 
triples. In our example, we might have at least four attribute triples 
for the "image" service. 

Bluetooth device discovery, then, can also include service discov­
ery. With Bluetooth, a device not only looks for another Bluetooth 
device, it might also look for a Bluetooth device that provides a spe­
cific service. In the camera example, a handheld Bluetooth device 
might want to be able to snap pictures that are in JPEG format, of 
any size, with 8-bit color depth. The camera we described above 
would match that device search. 

It is worth noting here that this type of service discovery is a 
marked improvement from IrDA and TCP/IP discovery methods. 
Using IrDA sockets, we are able to find a device and to query its 
IAS about service attributes. However, this service attribute infor­
mation is very spare; we can only find port number information 
or the level of support for various protocols. Using TCP/IP sock­
ets, we are not even able to collect this much information. We 
must know ahead of time which IP address and which port num­
ber we want to connect to; there is no way to ask a machine 
what ports are open. (In all fairness, there are certainly methods 
of using TCP/IP to find devices that provide services listening on 
ports. We could broadcast for devices, for example, or perform 
a scan on a particular device for open ports. However, this is 
not part of the socket connection process; this would be a sepa­
rate, time-consuming operation performed before attempting socket 
connection.) 

13.1.3 System Definitions for Bluetooth 

As we have seen with previous protocol stacks, the Symbian OS has 
defined some system parameters that we must use when program­
ming for Bluetooth communication. 

Bluetooth addresses are from the KBTAddrFamily 

address family. System definitions can be found in 
\Epoc32\include\bt sock. h, where Bluetooth addresses are 
characterized by the SBTAddr structure, as below: 

stru ct SBTAddr 

TBTDevAddr iAddress; 
}; 

In turn, the TBTDevAddr class is defined in the file 
\Epoc32\in~:J.ude\bttypes. has follows: 
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static const TInt KSdpUTJlDMaxLength 16
const TInt KBTDevAddrSize0x06
const TInt KBTMaxDevAddrize KBTDevAddrsize

class TBTDevAddr

public
IMPORT TBTDevAddrO
IMPORT TBTDevAddi-const T1nt64 alnt
IMPORT TBTDevAddrconst TDesC8 afles
inline TBool operatorconst TBTDevAddr aAddr const
inline TBool operatorconst TBTDevAddr aAddr const
inline const TUint8 operator TInt alndex const
inline TUint8 operator TInt alndex
inline void Reset

inline TPtr8 Des
inline const TPtrCB Des const

private
TFixedArrayTUintB KBTDevAddrSize iAddr

From these definitions you can see that Bluetooth address is rep
resented by an array of size KBTDevAddrSize currently six that

contains 8-bit bytes This makes sense since Bluetooth addresses

are 48-bit quantities

In the bt_sock file there are four protocol definitions

const TUint KBTLinkManager 0x0099
const TUint KL2CAP OxOlOO
const TUint KRFCOMM 0x0003
const TUint KSDP Ox000l

These are for the link manager protocol L2CAP RFCOMM and

service discovery protocol respectively

Readn
Th b1iby twn tJk ntI tp
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13.2 Discovering Bluetooth Devices and Services

As we mentioned in the above discussion about services device

and service discovery are very important part of using Bluetooth

13.2 
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static const Tint KSdpUUIDMaxLength = 16; 
const Tint KBTDevAddrSize=Ox06; 
const Tint KBTMaxDevAddrSize = KBTDevAddrSize; 

class TBTDevAddr 
{ 
public: 

IMPORT C TBTDevAddr(); 
IMPORT C TBTDevAddr(const Tint64 &aint); 
IMPORT C TBTDevAddr(const TDesCB &aDes); 
inline TBool operator==(const TBTDevAddr &aAddr) const; 
inline TBool operator!=(const TBTDevAddr &aAddr) const; 
inline const TUint8 &operator[] (Tint aindex) const; 
inline TUintB &operator[) (Tint aindex); 
inline void Reset(); 
inline TPtrB Des(); 
inline const TPtrCB Des() const; 

private: 
TFixedArray<TUintB, KBTDevAddrSize> iAddr; 

} ; 

From these definitions, you can see that a Bluetooth address is rep­
resented by an array of size KBTDevAddrSize (currently six) that 
contains 8-bit bytes. This makes sense, since Bluetooth addresses 
are 48-bit quantities. 

In the bt_sock. h file, there are four protocol definitions: 

const TUint KBTLinkManager = 0x0099; 
const TUint KL2CAP = 0x0l00; 
const TUint KRFCOMM = 0x0003; 
const TUint KSDP = 0x000l; 

These are for the link manager protocol, L2CAP, RFCOMM, and 
service discovery protocol, respectively. 

Discovering Bluetooth Devices and Services 

As we mentioned in the above discussion about services, device 
and service discovery are a very important part of using Bluetooth 
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protocols In typical Bluetooth use scenarios devices go in and out

of range easily and quickly Discovery happens regularly and is

the best way to monitor this movement and to stay connected to

services

13.2.1 Explicitly Setting the Device and Service

ltshould bestated firstthat while itcan bevery useful thediscovery

of devices and services is not always necessary device could have

specific remote device for which it is waiting to exchange data

or the user could specifically request particular Bluetooth device

and service In these cases we can set the device address or the

service ID explicitly and not bother to do device discovery at all

Bluetooth device addresses are 48-bit quantities We need

64 bit integer to hold them or T1nt64 We use this T1nt64

quantity to set the device address As an example if we are exchang

ing data with device whose hardware address is 65097113885

or 0xt2817211d we can create device address explicitly using

the following declaration

TBTDevAddr deviceAddressT1nt640xf2 0x817211d

This would construct the device address deviceAddress to have

the correct predefined setting

The service can be explicitly set as well Services in Bluetooth

are specified by service ID numbers If for example you choose ID

number 100 as the service to exchange data across you can set this

just as you would with IrDA or TCP/IP

TBTSockAddr addr

addr SetBTAddr deviceAddress
addr.SetPort100

We could now use the addr variable in Connect method call

to use Bluetooth sockets

13.2.2 Discovering Device

The sequence used in the Symbian OS for discovering devices looks

very much like the one we used for IrDA device discovery we will

use the host resolver to find the devices we need We can discover

devices by device address or by device name
To discover device by address we need to execute code such

as the following
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protocols. In typical Bluetooth use scenarios, devices go in and out 
of range easily and quickly. Discovery happens regularly and is 

the best way to monitor this movement and to stay connected to 
services. 

13.2.1 Explicitly Setting the Device and Service 

It should be stated first that, while it can be very useful, the discovery 

of devices and services is not always necessary. A device could have 

a specific remote device for which it is waiting to exchange data, 

or the user could specifically request a particular Bluetooth device 
and service. In these cases, we can set the device address or the 

service ID explicitly and not bother to do device discovery at all. 

Bluetooth device addresses are 48-bit quantities. We need a 
64 bit integer to hold them, or a Tint64. We use this Tint64 

quantity to set the device address. As an example, if we are exchang­
ing data with a device whose hardware address is 65097113885, 

or 0xf28172lld, we can create a device address explicitly using 

the following declaration: 

TBTDevAddr deviceAddress(Tint64(0xf2, Ox8172lld)); 

This would construct the device address deviceP..ddress to have 

the correct predefined setting. 
The service can be explicitly set as well. Services in Bluetooth 

are specified by service ID numbers. If, for example, you choose ID 

number 100 as the service to exchange data across, you can set this 
just as you would with lrDA or TCP/IP: 

TBTSockAddr addr; 

addr.SetBTAddr(deviceAddress); 

addr.SetPort(lOO); 

We could now use the addr variable in a Connect () method call 
to use Bluetooth sockets. 

13.2.2 Discovering a Device 

The sequence used in the Symbian OS for discovering devices looks 

very much like the one we used for lrDA device discovery: we will 
use the host resolver to find the devices we need. We can discover 

devices by a device address or by a device name. 
To discover a device by address, we need to execute code such 

as the followi_ng: 
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TlnquirySockAddr inqaddr
TNameEntry tnentry

inqaddr.SetIACKGIAC
inqaddr.SetActionKHostReslnquiry
resolver.GetByAddress inqaddr tnentry status
User WaitForRequest status

The inquiry proceeds as follows First we must set the inquiry

access code it can be one of the following constants

const TUint KGIAC 0x9e8b33
const TUint KLIAC Ox9e8bOO

In the first case the code signifies general unlimited query in the

second case the query is limited one general query requires

that all discoverable devices must respond to the discovery query
broadcast limited query forces remote devices to respond

only to certain messages multicast In dense environment like

conference airport terminal or classroom there may be many
devices that are discoverable Regulating the query mechanism is

way to fine-tune the discovery process and reduce discovery time

For the next step we set the type of inquiry we are trying to

make The constants are defined as below for both by-address and

by-name discovery

const static TUint KHostReslnquiry
const static TUint KHostResName

Finally we make the call to the GetByAddress method and wait

for response This call is asynchronous Both by-address and by-

name discovery are implemented through the GetByAddress
method the GetByName method is invalid for Bluetooth If the

call to GetByAddress succeeds the response is much like

the response for IrDA the discovered device information will be

returned in the TNameEntry object that was sent as parameter
If more than one device is discovered the information on other

devices can be retrieved by use of the RHostResolver Next
method

13.2.3 Discovering Services

Service discovery is needed when an application does not know

ahead of time that particular remote device has the service it

requires Service discovery is done in two steps first we search
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TinquirySockAddr inqaddr; 
TNameEntry tnentry; 

inqaddr. SetIAC (KGIAC) ; 
inqaddr.SetAction(KHostResinquiry); 
resolver.GetByAddress(inqaddr, tnentry , status ) ; 
User: :WaitForRequest(status); 

The inquiry proceeds as follows. First, we must set the inquiry 
access code; it can be one of the following constants: 

const TUint KGIAC Ox9e8b33; 
const TUint KLIAC Ox9e8b00; 

In the first case, the code signifies a general unlimited query; in the 
second case, the query is a limited one. A general ·query requires 
that all discoverable devices must respond to the discovery query 
(a broadcast). A I imited query forces remote devices to respond 
only to certain messages (a multicast). In a dense environment like 
a conference, airport terminal, or classroom, there may be many 
devices that are discoverable. Regulating the query mechanism is a 
way to fine-tune the discovery process and reduce discovery time. 

For the next step, we set the type of inquiry we are trying to 
make: The constants are defined as below, for both by-address and 
by-name discovery: 

const static TUint KHostReslnquiry = l; 
canst static TUint KHostResName = 2; 

Finally, we make the call to the GetByAddress () method and wait 
for a response. This call is asynchronous. Both by-address and by­
name discovery are implemented through the GetByAddress () 
method; the GetByName () method is invalid for Bluetooth. If the 
call to GetByAddress () succeeds, the response is much like 
the response for lrDA: the discovered device information will be 
returned in the TNameEntry object that was sent as a parameter. 
If more than one device is discovered, the information on other 
devices can be retrieved by use of the RHostResol ver: : Next () 

method. 

13.2.3 Discovering Services 

Service discovery is needed when an application does not know 
ahead of time that a particular remote device has the service it 
requires. Service discovery is done in two steps: first we search 
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for the service ID then we search for the service attributes of the

discovered service

The service discovery agent

Service discovery is done using the Service Discovery Agent SDA
The agent uses the Bluetooth Service Discovery Protocol SDP
to search for and match service on the remote device SDP is

implemented as an asynchronous activity and the application that

started the service search must set up notification callback methods

to be notified about the success or failure of the search

The agent is represented in the Symbian OS by an object of

the CSdpAgent class An object of this class encapsulates the use

of SDP between remote devices The csdpAgent class has the

following definition

class CsdpAgent public CBase

public
IMPORT static CSdpAgent NewL

MsdpAgentNotifier aNotifier
const TBTDevAddr aflevAddr

IMPORT static CSdpAgent NewLC
MSdpAgentMotifier aNotifier
const TBTDevAddr aDevAddr

IMPORT CSdpAgent
IMPORT void SetRecordFilterL

const CSdpsearchPattern aUtJIflFilter

IMPORT void SetAttributePrèdictorListL
const CsdpAttrldMatchList aMatchList

IMPORT void NextRecordRequestL0

IMPORT void AttributeRequestL
TSdpServRecordHandle aHandle

TsdpAttributellJ aAttrlD
IMPORT void AttributeRequestL

TSdpServRecordHandle aHandle
const CSdpAttrldMatchList aMatchList

IMPORT void AttributeRequestL
MSdpElementBuilder aBuilder
TSdpServRecordHandle aHandle
TSdpAttributelD aAttrlD

IMPORT void AttributeRequestL
MsdpElementBuilder aBuilder
TsdpServRecordHandle aHandle
const CSdpAttrldMatchList aMatchList

To start with an agent needs an IVlSdpAgentNotifier to notify of

its progress This is an object that is defined with specific calibacks
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for the service ID, then we search for the service attributes of the 
discovered service. 

The seryice discovery agent 

Service discovery is done using the Service Discovery Agent (SDA). 
The agent uses the Bluetooth Service Discovery Protocol (SOP) 
to search for and match a service on the remote device. SOP is 
implemented as an asynchronous activity, and the application that 
started the service search must set up notification cal I back methods 
to be notified about the success or failure of the search. 

The agent is represented in the Symbian OS by an object of 
the CSdpAgent class. An object of this class encapsulates the use 
of SOP between remote devices. The CSdpAgent class has the 
following definition: 

class CSdpAgent public CBase 
{ 
public: 

} ; 

IMPORT_C static CSdpAgent* NewL ( 
MSdpAgentNotifier &aNotifier, 
const TBTDevAddr &aDevAddr); 

IMPORT_C static CSdpAgent* NewLC( 
MSdpAgentNot ifier &aNotifier, 
const TBTDevAddr &aDevAddr); 

IMPORT C -CSdpAgent(); 
IMPORT C void SetRecordFilterL{ 

const CSdpSearchPattern &alTTJIDFilter); 
IMPORT C void SetAttributePredictorListL( 

const CSdpAttridMatchList &aMatchList) ; 
IMPORT_C void NextRecordRequestL {); 

IMPORT_ C void AttributeRequestL( 
TSdpServRecordHandle aHandle, 
TSdpAttributeID aAttr I D); 

IMPORT_ C void AttributeRequestL( 
TSdpServRecordHandle a Handle, 
const CSdpAttridMatchList &aMatchList); 

IMPORT C void AttributeRequestL { 
MSdpElementBuilde r* aBuilder, 
TSdpServRecordHandle aHandle, 
TSdpAttributeID aAttrfD) ; 

IMPORT C void Attribute Re questL( 
MSdpElementBuilder* aBuilder, 
TSdpServRe cordHandle aHandle , 
con s t CSdpAttridMatchList &aMatchList); 

To start with, an agent needs an MSdpAgentNotifier to notify of 
its progress. This is an object that is defined with specific callbacks: 
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class MsdpAqentNotifier

public
virtual void NextRecordRequestComplete TInt aError

TSdpServRecordHandle aHandle
TInt aTotalRecordsCount

virtual void AttributeRequestResult
TSdpServRecordHandle aHandle TSdpAttributelfl aAttrlfl

CSdpAttrValue aAttrValue
virtual void AttributeRequestComplete

TSdpServRecordHandle TInt aError

The notifier is sent data when search operations are executed The

NextRecordRequestComplete method will be called when
the latest request for matching service search is complete The call

will indicate the error status of the search in the first parameter give

handle to the service record in the second and give the number of

service records matched in the third The handle can then be used

to request attributes from the database record and these results are

returned by AttributeRequestF.esult and the completion
status by AttributeRequestComplete

Searching for service IDs

The agent uses search pattern objects to find service IDs Objects

of the CSdpSearchPattern class are used to specify the search

This class has the following definition

class CSdpSearchPattern public CBase public
MsdpElementBui lder

public
IMPORT static CSdpSearchPattern NewL
IMPORT void ConstructL
IMPORT -CSdpSearchPattern
IMPORT TInt AddLconst TIJ aUUID
IMPORT TInt Removeconst TIJTJID aLRJID
IMPORT TInt Findconst TUDID atJEJIlJ TInt aPos const
IMPORT TInt Count const
IMPORT const TUIJID At TInt anlndex const
IMPORT void Reset
inline TBool IsEmptyO

Service iDs are added or removed from the search pattern by
methods of this class The iDs are given by the class TLJ1JID The

definition of the TUtJID class enables many different forms of UUID

specification the use of integers is one way to give them
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class MSdpAgentNotifier 

public: 

}; 

virtual void NextRecordRequestComplete (Tint aError, 
TSdpServRecordHandle aHandle, 
Tint aTotalRecordsCount) = O; 

virtual void AttributeRequestResult( 
TSdpServRecordHandle aHandle,TSdpAttributeID aAttrID, 
CSdpAttrValue* aAttrValue ) = O; 

virtual void AttributeRequestComplete( 
TSdpServRecordHandle, Tint aError ) = O; 

The notifier is sent data when search operations are executed. The 
NextRecordRequestComplete () method will be called when 
the latest request for a matching service search is complete. The call 
will indicate the error status of the search in the first parameter, give 
a handle to the service record in the second, and give the number of 
service records matched in the third. The handle can then be used 
to request attributes from the database record, and these results are 
returned by AttributeRequestResul t () and the completion 
status by AttributeRequestComplete (). 

Searching for service ID$ 

The agent uses search pattern objects to find service IDs. Objects 
of the CSdpSearchPattern class are used to specify the search. 
This class has the following definition: 

class CSdpSearchPattern : public CBase, publ ic 
MSdpElementBuilder 

{ 
public : 

} ; 

IMPORT_C static CSdpSearchPattern* Ne wL () ; 
IMPORT C void ConstructL{); 
IMPORT C -CSdpSearchPattern {) ; 
IMPORT C Tint AddL(const TUUID &aUUID); 
IMPORT C Tint Remove(const TUUID &aUUID ) ; 
IMPORT C Tint Find(const TUUID &aUUID, Tint &aPos) const; 
IMPORT C Tint Count() const; 
IMPORT C const TUUID At(Tint anindex) const ; 
IMPORT C void Reset{ ); 
inline TBool IsEmpty (); 

Service IDs are added or removed from the search pattern by 
methods of this class. The IDs are given by the class TUUID. The 
definition of the TUUID class enables many different forms of UUID 
specification; the use of integers is one way to give them. 
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To use an agent we need to go through the following steps

First we need to create notifier This is user-defined class

derived from the MSdpAgentNotifier class that defines the

method we discussed above For example consider the defini

tion below

class AGENTNotifjer public MSdpAgentNotifier

AGENTNotifier
-AGENTNotifier
void NextRecordRequestComplete TInt aError

TSdpServRecordHandle aHandle
TInt aTotalRecordsCount

void AttributeRequestResult
TsdpServRecordHandle aHandle

TSdpAttributelfl aAttrlD

CSdpAttrValue aAttrValue
void AttributeRequestComplete TSdpServRecordHandle

TInt aError

We must define each of the AGENTNotifier methods to

activate something in our main application when discovery is

complete

Next we need to create the agent As an example consider the

code below

AGENTNotifier notifier
CsdpAgent agent CSdpAgent NewLCnotifer

deviceAddress

The device address in deviceAddress was constructed as we

did it previouslyeither by explicit declaration or by discov

ery This creates an agent that will discover services on the

device whose address is specified in deviceAddress and will

communicate back using the notifier object

As third step we need to create search pattern and add

the service definitions for which we need to look We need

an object of the class csdpsearchPattern to which we add

service IDs The fragment below illustrates this

CSdpSearchpattern pattern CSdpSeachPatternNewL0
pattern-AddLlOO

Here we have added the service whose ID is 100 to the pattern

of services for which we want to look
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To use an agent, we need to go through the following steps: 

• First we need to create a notifier. This is a user-defined class 
derived from the MSdpAgentNotifier class that defines the 
method we discussed above. For example, consider the defini­
tion below: 

class AGENTNotifier: public MSdpAgentNotifier 
{ 

AGENTNotifier(); 
-AGENTNotifier(); 
void NextRecordReguestComplete(Tint aError, 

TSdpServRecordHandle aHandle, 
Tint aTotalRecordsCount); 

void AttributeReguestResult ( 
_TSdpServRecordHandle aHandle, 
TSdpAttributeID aAttrID, 
CSdpAttrValue* aAttrValue); 

void AttributeRequestComplete (TSdpServRecordHandle , 
Tint aError) ; 

We must define each of the AGENTNotifier methods to 
activate something in our main application when discovery is 
complete. 

• Next, we need to create the agent. As an example, consider the 
code below: 

AGENTNotifier notifier; 
CSdpAgent* agent= CSdpAgent: :NewLC(notifer, 

deviceAddress) ; 

The device address in deviceAddress was constructed as we 
did it previously-either by explicit declaration or by discov­
ery. This creates an agent that will discover services on the 
device whose address is specified in deviceAddress and will 
communicate back using the notifier object. 

• As a third step, we need to create a search pattern and add 
the service definitions for which we need to look. We need 
an object of the class CSdpSearchPat tern to which we add 
service IDs. The fragment below illustrates this: 

CSdpSearchPattern* pattern= CSdpSearchPattern: :NewL( ) ; 

pattern->AddL(lOO ); 

Here, we have added the service whose ID is 100 to the pattern 
of services for which we want to look. 
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Next we install the search pattern in the agent An example is

below

agent-SetRecordFjlterLpattern

Finally we signal the agentto startthe search process This results

in the active object that defines the agent to asynchronously
search the device specified for the service given in the pattern

specification The code below would start this process

agent-NextRecordRequestLO

When this method returns all further communication from the agent

is done through the notifier via the callback methods

When multiple service IDs are added to search pattern the

effect is like combining these IDs together by using Boolean

OR operator Therefore lets say we used the following code to

construct pattern

CgdpSearchPattern pattern2 CSdpSearchPattern NewL
pattern2-AddLlOO
pattern2-AddL150
pattern2-AddL730

The effect is to provide pattern that will match service whose ID

is either 100 150 or 730 Once service has been selected the

application needs to further examine its ID or attributes to determine

if that service is to be used

Note that have taken some liberties in arbitrarily assigning

service ID numbers In many cases for established services the ID

numbers are preassigned by the Bluetooth Consortium

Searching for service attributes

Once service handle has been successfully obtained through

call to an MSdpAgentNotfier class objects NextRecord

RequestComplete method we still have to make requests to

the remote database to obtain the services attributes This time we
need pattern specified as an object of the CSdpAttrldMatch
List class The definition of this class is below

class CsdpAttrldMatchList public cease public

MSdpElementBuilder

public
IMPORT static CSdpAttrldMatchList NewL
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• Next, we install the search pattern in the agent. An example is 
below: 

agent->SetRecordFilterL(*pattern); 

• Finally, we signal the agent to start the search process. This results 
in the active object that defines the agent to asynchronously 
search the device specified for the service given in the pattern 
specification. The code below would start this process: 

agent->NextRecordRequestL(); 

When this method returns, all further communication from the agent 
is done through the notifier via the callback methods. 

When multiple service IDs are added to a searc;:h pattern, the 
effect is like combining these IDs together by using a Boolean 
OR operator. Therefore, let's say we used the following code to 
construct a pattern: 

CSdpSearchPattern* pattern2 CSdpSearchPattern: :NewL(); 
pattern2->AddL(l00); 
pattern2->AddL(l50); 
pattern2->AddL(730); 

The effect is to provide a pattern that will match a service whose ID 
is either 100, 150, or 730. Once a service has been selected, the 
application needs to further examine its ID or attributes to determine 
if that service is to be used. 

Note that I have taken some liberties in arbitrarily assigning 
service ID numbers. In many cases, for established services, the ID 
numbers are preassigned by the Bluetooth Consortium. 

Searching for service attributes 

Once a service handle has been successfully obtained through 
a call to an MSdpAgentNotifier class object's NextRecord 
RequestComplete () method, we still have to make requests to 
the remote database to obtain the service's attributes. This time, we 
need a pattern specified as an object of the CSdpAttridMatch­

List class. The definition of this class is below: 

class CSdpAttridMatchList : public CBase, public 
MSdpElementBuiJ.der 
{ 
public: 

IMPORT C static CSdpAttridMatchList* NewL(); 
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IMPORT static CSdpAttrldMatchList NewL
const CSdpAttrldMatchList aAttrMatchList

IMPORT CsdpAttrldMatchList
IMPORT void AddLTAttrRange aRange
IMPORT void RemoveL TAttrRange aRange
TInt FindTSdpAttributelD aAttrld TInt aPos const
IMPORT TRool InMatchList TsdpAttributelD aAttrld

TInt aPos const
inline TBool InMatchListTSdpAttributelD aAttrld const
inline TInt Count const
void FindAttributesL CSdpservRecord aRec

MAttributeMatchHandler aHandler const
IMPORT TUint EncodeLClementEncoder aEncoder conet

Notice that this class has many of the same methods that we found

for service ID match ingAddL RemoveL and Find for

instanceand this means that we build an attribute pattern in

much the same way Notice that AddL and RemoveL take

TAddrRange structure as their parameter This is so that we

can specify ranges of attribute IDs rather than one at time The

InMatchList method is used to see if an attribute ID is already

in the pattern and the Count method will return the number of

patterns in an object of this type
To search for attributes we set up an attribute ID pattern much

the same way as we did for service ID patterns Now however we
need to know what service attribute IDs we are looking for We
proceed as follows

First note what we already have we have an agent we used it

to do the service ID search in the first place the notifier object

the agent uses to communicate and the service handle that

was returned with the callback to the notifiers NextRecord

RequestComplete method that signifies the service that

was found

Now we need to create CSdpAttrldMatchList object

The code below shows an example

CSdpAttrldMatchList attribute pattern
CSdpAttrldMatchList NewL

Like with service ID discovery we add the attribute IDs to the

attribute pattern For example consider this statement

attribute pattern-AddL TAttrRange 0x102
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IMPORT C static CSdpAttridMatchList* NewL( 
canst CSdpAttridMatchList &aAttrMatchList); 

IMPORT C ~CSdpAttridMatchList(); 
IMPORT C void AddL(TAttrRange aRange); 
IMPORT C void RemoveL(TAttrRange aRange); 
Tint Find(TSdpAttributeID aAttrid, Tint &aPos) canst; 
IMPORT_C TBaal InMatchList(TSdpAttributeID aAttrid, 

Tint &aPas) canst; 
inline TBaal InMatchList(TSdpAttributeID aAttrid) canst; 
inline Tint Count() canst; 
void FindAttributesL(CSdpServRecard &aRec, 

MAttributeMatchHandler &aHandler) canst; 
IMPORT C TUint EncadeL(CElementEncader &aEncoder) canst; 

Notice that this class has many of the same methods that we found 
for service ID matching-AddL (), RernoveL (), and Find (), for 
instance-and this means that we build an attribute pattern in 
much the same way. Notice that AddL () and RernoveL () take 
a TAddrRange structure as their parameter. This is so that we 
can specify ranges of attribute IDs rather than one at a time. The 
InMatchList () method is used to see if an attribute ID is already 
in the pattern, and the Count () method will return the number of 
patterns in an object of this type. 

To search for attributes, we set up an attribute ID pattern much 
the same way as we did for service ID patterns. Now, however, we 
need to know what service attribute IDs we are looking for. We 
proceed as follows: 

• First, note what we already have: we have an agent (we used it 
to do the service ID search in the firstplace), the notifier object 
the agent uses to communicate, and the service handle that 
was returned with the cal I back to the notifier's NextRecord 
RequestCornplete () method that signifies the service that 
was found. 

• Now, we need to create a CSdpAttridMatchList object. 
The code below shows an example: 

CSdpAttridMatchList* attribute_pattern 
CSdpAttridMatchList : :NewL(); 

• Like with service ID discovery, we add the attribute IDs to the 
attribute pattern. For example, consider this statement 

attribute_pattern->AddL(TAttrRange(0xl02 )) ; 
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Now we can start the attribute search by using the

AttributeRequest method in the agent object As an

example consider the line below

agent-AttributeRequestL serviceHandle
attribute pattern

At this point the agent releases the caller and runs asynchronously
It communicates again through the notifier this time using the

AttributeRequestResult and AttributeRequestCom
plete methods in the notifier For every attribute found the

AttributeRequestResult method is called When there are

no more attributes that match the pattern specified the Attribute

RequestComplete method is called

13.2.4 The Service Discovery Database

In the previous section we looked at how to search remote

devices service database Now we will look at this from the local

perspective how do we get records into the local database to begin

with For example how would an application register services that

it is offering on the local device

We will look at this in three parts dealing with the database

itself characterizing service attributes and working with service

database records

Dealing with the database

Before we can manipulate records in the service database we
have to establish connection to it As with most resources in the

Symbian OS the Bluetooth service database is managed by server

So as we have before we first connect with the server Then we
can open and manipulate the database and finish by closing both

the database and the server connection

The database server API is found in the RSdp class Its definition

is below

class RSdp public RSessonBase

public
IMPORT RSdp

IMPORT TInt Connect
IMPORT TVersion Version conat
IMPORT void ReeourceCountMarkStartO
IMPORT void ResourceCountMarkEnd0
IMPORT TInt ResourceCount
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• Now, we can start the attribute search by using the 
AttributeRequest () method in the agent object. As an 
example, consider the line below: 

agent->AttributeRequestL(serviceHandle, 
*attribute_pattern); 

At this point, the agent releases the caller and runs asynchronously. 
It communicates again through the notifier, this time using the 
AttributeRequestResult() and AttributeRequestCom­

plete () methods in the notifier. For every attribute found, the 
AttributeRequestResult () method is called. When there are 
no more attributes that match the pattern specified, the At tribute 
RequestComplete () method is called. 

13.2.4 The Service Discovery Database 

In the previous section, we looked at how to search a remote 
device's service database. Now we will look at this from the local 
perspective: how do we get records into the local database to begin 
with? For example, how would an application register services that 
it is offering on the local device? 

We will look at this in three parts: dealing with the database 
itself, characterizing service attributes, and working with service 
database records. 

Dealing with the database 

Before we can manipulate records in the service database, we 
have to establish a connection to it. As with most resources in the 
Symbian OS, the Bluetooth service database is managed by a server. 
So, as we have before, we first connect with the server. Then we 
can open and manipulate the database and finish by closing both 
the database and the server connection. 

The database server API is found in the RSdp class. Its definition 
is below: 

class RSdp public RSessionBase 
{ 
public: 

} ; 

IMPORT C RSdp(); 
IMPORT C Tint Connect(); 
IMPORT C TVersion Version() canst; 
IMPORT_C void ResourceCountMarkStart(); 
IMPORT_C void ResourceCountMarkEnd(); 
IMPORT c Tint ResourceCount(); 
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Here we would use the Connect method to open server

connection We would stop this connection with the Close

method inherited from the RSessionBase class We can get its

version number from the Version method by build number or

by major and minor version numbers The number of connections

to the database server can be counted by using the Resource
Count group of methods To start counting we would use the

ResourceCountMarkStart method and to end the counting

we would use the ResourceCountMarkEfld method Between

these method calls call to ResourceCount will return the

number of connections to the database This resource count is

count of open subsessions that is the number of applications open

ing and manipulating the service database at the moment call is

made This count can be used to monitor the load on device for

example or simply to log database use

The database itself is characterized by the RsdpDatabase class

The definition for this class is below

class RSdpDatabasc public Rldpdubdession

public
IMPORT RddpDatabase
IMPORT TInt Open RPdp aSession

IMPORT_C void CloseO
IMPORT void CreatedervceRecordtconst TOPIC atJtJIO

TSdpServRecordHandle aHandle
IMPORT_C void CreateServiceRecordL

CSdpAttrValueDES aUOIDList TsdpServRecordHandle aHandle
IMPORT void UpdateAttributet TSdpservRecordl-Iandle aHandle

TSdpAttributelD aAttrlD CSdpAttrValue aAttrValue
IMPORT void UpdateAttributet TSdpservRecordHandle aHandle

TSdpAttributelD aAttrlD TtIint auintValue

IMPORT void UpdateAttributeL TsdpservRecordHandle aHandle

TSdpAttributelfl aAttrlD const TDe5C16 aOesCValue
IMPORT void UpdateAttributeL TSdpServRecordHandle aHandle

TSdpAttributelO aAttrlO const TDesC8 aDesCValue
IMPORT void DeleteAttributeL TddpServRecordflandle aHandle

TSdpAttributelp aAttrlO
IMPORT void OeleteRecordLTldpServRecordHandle aHandle

There is lot of declarative jumble in that definition the core

methods are as follows

The Open method opens database and the Close

method closes it down

The CreateServiceRecordL methods create service

records in the database The DeleteRecordL method

removes service records from the database
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Here, we would use the Connect ( ) method to open a server 
connection. We would stop this connection with the Close ( ) 

method inherited from the RSessionBase class. We can get its 
version number from the Version () method (by build number, or 
by major and minor version numbers). The number of connections 
to the database server can be counted by using the Resource­

Count ... () group of methods. To start counting, we would use the 
ResourceCountMarkStart () method and, to end the counting, 
we would use the ResourceCountMarkEnd () method. Between 
these method calls, a call to ResourceCount () will return the 
number of connections to the database. This resource count is a 
count of open subsessions, that is, the number of applications open­
ing and manipulating the service database at the moment a call is 
made. This count can be used to monitor the load on a device, for 
example, or simply to log database use. 

The database itself is characterized by the RSdpDatabase class. 
The definition for this class is below: 

c lass RSdpDat a base : public RSdp SubSession 
{ 
p ublic: 

I MPORT_ C RSdpDatabase () ; 
I MPORT_ C Tint Open(RSdp &aSession); 

IMPORT_ C void Close (); 
I MPORT_C void CreateServi ceRec ordL(con st TUUID &aUUID, 

TSdpSer v RecordHandle &aHandle) ; 
IMPORT_ C v oid CreateServiceReco rdL( 

CSdpAttr Va lue DES &aUUIDList, TSdpServRecordHa ndle &aHandle ) ; 

IMPORT_C void UpdateAttributeL (TSdpServReco r dHandle aHandle, 

TSdpAt tributeID a At t rID, CSdpAttrValue &aAttrValue ) ; 
I MPORT_ C void UpdateAtt ributeL (TSdpServRecordHand le aHandle, 

TSdpAttribut e ID aAt t rID, TUin t aUintValue ) ; 
I MPORT_C void Upda teAttri bu teL (TSdpServRecor dHandle a Handle, 

TSdpAttr i buteID aAttrID, con s t TDesCl6 &aDesCValue ) ; 

IMPORT_C void UpdateAttributeL (TSdpServRecordHandle aHandle , 

TSdpAttri buteI D aAttrID , const TDe sC8 &aDesCValue) ; 
I MPORT_ C void Delet e At t r i buteL (TSdpServRecordHandle aHandle , 

TSdpAttri b u teID aAt trID); 
IMPORT_C vo i d De leteRecor dL (TSdpServRecordHandl e aHandle ) ; 

There is a lot of declarative jumble in that definition; the core 
methods are as follows: 

• The Open () method opens a database, and the Close () 

method closes it down. 

• The CreateServiceRecordL ( ) methods create service 
records in the database. The Delet eRecordL () method 
removes service records from the database. 



DISCOVERING BLUETOOTH DEVICES AND SERVICES 249

The tJpdateAttributeL methods update attributes in

service record The DeleteAttributeL method removes
attributes from service record

The code fragment below illustrates how we might connect to the

database server open the database and then shut things down

again

RSdp database svr
RSdpDatabase database
TInt result

result database svr.ConnectO
User LeavelfErrorresult

result database.Opendatabasesvr
User LeavelfErrorresult

// use the database
database Close

database svr Close

Characterizing service attributes

Service attributes are complicated beasties They are easily visual

ized see Figure 13.2 but the open flexibility and typing require

ments make the API little cumbersome However the Symbian
OS designers have taken care to make the API as usable as possi
ble

An attributes value can be one of nine possible types Seven

of these are easily represented integer unsigned integer Boolean

URL string UUID and nil type used to represent an undefined

value The remaining two types are collections of values data

element alternative DEA collection is list of elements from which

single element will be selected like reference to an item in an

array data element sequence DES collection is list of elements

that will be used as list

Each data element type is characterized by its own class These

classes are all derived from base class the CSdpAttrValue
class Figure 13.3 lists the classes and shows what each represents

Lets deal with these in two parts the simple data types and the

element collections

Simple attribute types Rather than examining each individual

class we will look at the csdpAttrvaluelnt class as represen
tative of the others The class definition is given below
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• The UpdateAttributeL () methods update attributes in a 
service record. The DeleteAttributeL () method removes 
attributes from a service record. 

The code fragment below illustrates how we might connect to the 
database server, open the database, and then shut things down 
again: 

RSdp database_svr; 
RSdpDatabase database; 
Tint result; 

result= database svr . Connect(); 
User: :LeaveifError(result); 

result= database.Open(database_svr) ; 
User: :LeaveifError(result); 

// use the database 
database.Close(); 
database_svr.Close(); 

Characterizing service attributes 

Service attributes are complicated beasties. They are easily visual­
ized (see Figure 13.2), but the open flexibility and typing require­
ments make the API a little cumbersome. However, the Symbian 
OS designers have taken care to make the API as usable as possi­
ble. 

An attribute's value can be one of nine possible types. Seven 
of these are easily represented: integer, unsigned integer, Boolean, 
URL, string, UUID, and a nil type (used to represent an " undefined" 
value). The remaining two types are collections of values. A data 
element alternative (DEA) collection is a list of elements from which 
a single element wi II be selected (like a reference to an item in an 
array). A data element sequence (DES) collection is a list of elements 
that will be used as a list. 

Each data element type is characterized by its own class. These 
classes are all derived from a base class: the CSdpAttrValue 
class. Figure 13 .3 I ists the classes and shows what each represents. 
Let's deal with these in two parts: the "simple" data types and the 
element collections. 

Simple attribute types Rather than examining each individual 
class, we will look at the CSdpAttrValueint class as a represen­
tative of the others. The class definition is given below: 
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CSdpAttrValuelnt handles integers

CSdpAttrValueUlnt handles unsigned integers

CSdpAttrValueBoolean handles Boolean values

CSdpAttrVaIueURL handles URL objects

CSdpAttrValue CSdpAttrValueString handles strings
base class

CSdpAttrVaIueUUID handles UUID values

CSdpAttrVaIueNIL handles undefined values

CSdpAttrVaIueDEA handles DEA lists

CSdpAttrVaIueDES handles DES lists

Figure 13.3 Classes that characterize attribute value types

class CSdpAttrValuelnt public CSdpAttrValue

public
IMPORT static CpdpAttrValuelnt NewlntL

const TDe5C8 alnt
virtual .CSdpAttrValueInt
virtual TSdpElementType Type const
virtual TUint DataSize const
virtual TInt IntO const
virtual TBool DoeslntFit const
virtual const TPtrC8 Des const

This class allows the manipulation of integer attribute values in the

following way

New values are created with the NewlntL method Note that

this method takes general undefined quantity as byte buffer

The type of the data element is obtained by the Type method

This method returns value of type TSdpElementType which

is simply an enumerated set of nine values integers where each

represents an attribute type

The size of the element is retrieved with the DataSize

method

The integer value itself is retrieved by the mt method this

converts the byte buffer to the type described by the class in

250 BLUETOOTH COMMUNICATIONS 

CSdpAttrValuelnt handles integers 

CSdpAttrValueUlnt handles unsigned integers 

CSdpAttrValueBoolean handles Boolean values 

CSdpAttrValueURL handles URL objects 

CSdpAttrValueUUID 

CSdpAttrValueNIL 

CSdpAttrValueDEA 

CSdpAttrValueDES 

handles strings 

handles UUID values 

handles undefined values 

handles DEA lists 

handles DES lists 

Figure 13.3 Classes that characterize attribute value types. 

class CSdpAttrValueint: public CSdpAttrValue 
{ 

public : 

} ; 

IMPORT C static CSdpAttrValueint* NewintL( 
const TDesCS &aint); 

virtual -CSdpAttrValueint(); 
virtual TSdpElementType Type() const; 
virtual TUint DataSize() const; 
virtual Tint Int() const; 
virtual TBool DoesintFit() const; 
virtual canst TPtrC8 Des() const; 

This class allows the manipulation of integer attribute values in the 
following way: 

• New values are created with the NewintL () method. Note that 
this method takes a generalundefined quantity as a byte buffer. 

• The type of the data element is obtained by the Type () method. 
This method returns a value of type TSdpElernentType, which 
is simply an enumerated set of nine values (integers) where each 
represents an attribute type. 

• The size of the element is retrieved with the DataSize () 

method. 

• The integer value itself is retrieved by the Int () method; this 
converts the byte buffer to the type described by the class, in 



DISCOVERING BLUETOOTH DEVICES AND SERVICES 251

this case integer This is replaced by UUID for example for

the CSdpAttrValueTJtJID class

The DoeslntFjt method returns Boolean value that indi

cates if the data type will fit into an integer word size

The Des method returns the value as general byte buffer

Creating an integer attribute is simple it is executed with one call

CsdpAttrValuelnt intattribute

intattrbute CSdpAttrValuelntNewlntL50

In this example we have created an attribute whose integer value

is 50

Attribute lists Attribute lists are bit more complicated They must

be built either from simple types or from other lists The interface

quite frankly is little odd however when it is written in certain

way it makes sense

Both of the data element list classes implement the MSdpEle
mentBuilder interface This interface uses series of return

values of calls to construct list Rather than walk through

class definitions lets look at an example Suppose we wanted

to build DES of integers We might do this in the follow

ing way

CSdpAttrValueDES integerDEs
CSdpAttrValueDES NewDESL NULL

integerDES
-StartListL

-BuildlnttTServAttrlntTIntB23
-BuildIntLTServAttrlntTIntB

-EndListL

First of all note that this is actually only two statements The

first is declaration the second is series of function calls that

builds list The indentation and formatting makes the statement

easier to read and understand Second this code builds DES made

up of two integers 23 and The result is one attributeheld in

the variable integerDEswhose value is list

Lists are built following the pattern of the above code list is

started with call to StartListL and completed with call

to EndListL To add something to the list it must be enclosed

in call to BuildtypeL method where the type is set up
to specify an attribute value type If you are building nested data
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this case integer. This is replaced by UUID (), for example, for 
the CSdpAttrValueUUID class. 

• The DoesintFit () method returns a Boolean value that indi­
cates if the data type will fit into an integer word size. 

• The Des () method returns the value as a gener_al byte buffer. 

Creating an integer attribute is simple; it is executed with one call: 

CsdpAttrValueint *intattribute; 

intattribute = CSdpAttrValueint: :NewintL ( SO ) ; 

In this example, we have created an attribute whose integer value 
is 50. 

Attribute lists Attribute lists are a bit more complicated. They must 
be built, either from simple types or from other lists. The interface, 
quite frankly, is a little odd; however, when it is written in a certain 
way, it makes sense. 

Both of the data element list classes implement the MSdpEl e­
mentBuilder interface. This interface uses a series of return 
values of. calls to construct a list. Rather than walk through 
class definitions, let's look at an example. Suppose we wanted 
to build a DES of integers. We might do this in the follow­
ing way: 

CSdpAttrValueDES* integerDES = 

CSdpAtt r Va lueDES : : NewDESL (NULL); 
integerDES 

- >StartLis t L () 
->BuildintL(TServAttrint<Tint8 >(23 ) ) 
- >BuildintL (TServAttrint<Tint B> ( l ) ) 

- >EndListL () ; 

First of all, note that this is actually only two C++ statements. The 
first is a declaration; the second is a series of function calls that 
builds a list. The indentation and formatting makes the statement 
easier to read and understand. Second, this code builds a DES made 
up of two integers: 23 and 1. The result is one attribute-held in 
the variable integerDES-whose value is a list. 

Lists are built following the pattern of the above code. A list is 
started with a call to StartListL () and completed with a call 
to EndListL (). To add something to the list, it must be enclosed 
in a call to a BuildtypeL () method, where the type is set up 
to specify an attribute value type. If you are building a nested data 



252 BLUETOOTH COMMUNICATIONS

element list you must also include nested calls to StartListL

and EndListL
For example lets say we wanted to build an attribute that

contained list of Bluetooth addresses Each address is 48-bit

integer so we can encapsulate it in two 32-bit integers We might

create this attribute as follows

CSdpAttrValueDES addresslist

CSdpAttrValUeDES NewDESL NULL
addresslist

-StartListL

Bui1dDESL

StartListL

-BuldIntL TServAttrlntcTUint32 TUint32 0x02
-BuildIntL TServAttrlntTUint32 TUint32 0x817211d0

-EndListL
Bui1dDESL

-StartListL

BuildlntL TServAttrlntTUint32 TUint32 OxOf
-BuildlntLTServAttrlntTUint32 TUint32 0x620300f

-EndListL
-EndListL

This code builds an attribute whose value is list with two nested

lists Each nested list is the two 32-bit integers that together comprise

Bluetooth address

Working with service records

Service records are identified by their handlea 32-bit integer

defined as the class TSdpServRecordHandle These handles

are used as keys into the service database Records are created

and deleted by the CreateserviceRecordL and DeleteRe
cordi methods from the RSdpDat abase class They are created

with UUID or list of UUIDs that identify them in the database

Once created the attributes of record can be updated and modified

by usingtheupdateAttrbuteL and tipdateAttributeL
methods from the RSdpDatabase class

As an example lets say we wanted to create an image service

record with four attributesthe ones given in Figure 13.2 We
could use the code below

define IMAGE SERVICE ID OxiOff

TSdpServRecordflandle recordflandle

TUUID image service UUIDIMAC-E SERVICE ID
database CreateServiceRecordL image service UUID

recordHandle
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element list, you must also include nested calls to StartListL () 

and EndListL (). 
For example, let's say we wanted to build an attribute that 

contained a list of Bluetooth addresses. Each address is a 48-bit 
integer, so we can encapsulate it in two 32-bit integers. We might 

create this attribute as follows: 

CSdpAttrVa l ueDES* addresslist 
CSdpAttrValueDES: :NewDESL(NULL); 

addresslist 
- >StartListL () 

- >BuildDESL () 
- >StartList L () 

- >BuildintL (TServAttrint<TUint32 > (TUint32 ( Ox02 ))) 

- >BuildJntL(TServAttrint<TUint32> (TUi nt32(0x B172lld))) 

- >EndLis tL () 
.- >BuildDESL () 

- >StartListL () 
- >BuildintL (TServAttrint <TUint32 > (TUint32 ( OxOf )) ) 

->BuildintL (TServAttrint <TUint32>(TUint32 (0x62030 0f ))) 

- >EndListL ( ) 
- >EndListL( ) ; 

This code builds an attribute whose value is a list with two nested 
lists. Each nested list is the two 32-bit integers that together comprise 
a Bluetooth address. 

Working with service records 

Service records are identified by their handle-a 32-bit integer 
defined as the class TSdpServRecordHandle. These handles 
are used as keys into the service database. Records are created 
and qeleted by the CreateServiceRecordL () and DeleteRe­
cordL () methods from the RSdpDatabase class. They are created 
with a UUID or a list of UUIDs that identify them in the database. 
Once created, the attributes of a record can be updated and modified 
by usingtheUpdateAttributeL () and UpdateAttributeL () 
methods from the RSdpDatabase class. 

As an example, let's say we wanted to create an image service 
record with four attributes-the ones given in Figure 13.2. We 
could use the code below: 

#de fine IMAGE_SERVICE_ ID Oxl Off 

TSdpServRecordHandle reco rdHandle = O; 

TUUID image_service_UUID(IMAGE_SERVICE_ID); 

database.CreateServiceRecordL (i mage_ service_UUID, 

recordHandle ) ; 
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1/ Now build the attributes

LITS KJPEG JPEG
CsdpAttrValueString image format attribute

CSdpAttrValueString NewStringL KJPEG
CSdpAttrValuelnt image width attribute

CsdpAttrValuelnt HewlntL320
CSdpAttrValuelnt image height attribute

CSdpAttrValuelnt NewlntL240
CsdpAttrValuelnt pixel depth attribute

CSdpAttrValuelnt NewlntL8

define IMAGE FORMAT ID OxlOf

4define IMAGE WIDTH ID OxlOf

define IMAGE HEIGHT ID OxlOf2

define PIXEL DEPTH ID OxlOf3

/1 Apply the attributes to the records
database .UpdateAttributeL recordHandle IMAGE FORIOAT ID

image format attribute

database.tjpdateAttributeLrecordMandle IMAGE WIDTH ID
image_width_attribute

database .tjpdateAttributeLrecordHandle IMAGE_HEIGHT_ID
image_height_attribute

database .tJpdateAttributeL recordHandle PIXEL WIDTH ID
pixel width attribute

Note few things about this example First when service record

is created in the database the record handle given as parame
ter is filled in with real value This means that the value given

to the record handle in the codethe value 0is blank
value placeholder Second let me reiterate that have arbitrar

ily assigned ID numbers these are typically preassigned by the

Bluetooth Consortium

13.2.5 Some Perspective

At this point you should catch your breath and review the last

several pages Some perspective on device and service discovery is

in order

It should now be quite clear that these discovery methods add

significant new layer of complexity to Bluetooth communications

While the models used define flexible and adaptive system for

all sorts of devices and services searching for devices and probing

service databases can be complex and time-consuming From the

searching devices point-of-view we have four-stage process

setup the query make the query wait for the query to return

process the querys results This four-stage process is used for

device discovery for service discovery and for each attribute that
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// Now build the attributes 
_LIT8(KJPEG,"JPEG"); 
CSdpAttrValueString* image_format attribute= 

CSdpAttrValueString: : NewStringL (KJPEG) ; 
CSdpAttrValueint* image_width_attribute = 

CSdpAttrValueint::NewintL(320); 
CSdpAtt r Valueint* image_height_attribute = 

CSdpAttrValueint: :NewintL(240); 
CSdpAttrValueint* pixel_depth_attribute = 

CSdpAttrValueint: :NewintL(8 ) ; 

#define IMAGE_ FORMAT_ID 0xlDf0 
#define IMAGE_WIDTH_ID 0xl0fl 
#define IMAGE HEIGHT ID 0x10f2 - -
#define PIXEL DEPTH ID 0xl0f3 - -

// Apply the attributes to the records 
database.UpdateAttributeL(recordHandle, IMAGE_FORMAT_ID, 

*image_format_attribute) ; 
database.UpdateAttributeL(recordHandle, IMAGE_WIDTH_ID, 

*image_width_attribute); 
database.UpdateAttributeL(recordHandle, IMAGE_HEIGHT_ID, 

•image_height_attribute ) ; 
database.UpdateAttributeL(recordHandle, PIXEL_WIDTH_ID, 

*pixel_width_attribute}; 

Note a few things about this example. First, when a service record 
is created in the database, the record handle given as a parame­
ter is filled in with a real value. This means that the value given 
to the record handle in the code-the value 0-is a "blank" 
value, a placeholder. Second, let me reiterate that I have arbitrar­
ily assigned ID numbers; these are typically preassigned by the 
Bluetooth Consortium. 

13.2.5 Some Perspective 

At this point, you should catch your breath and review the last 
several pages. Some perspective on device and service discovery is 
in order. 

It should now be quite clear that these discovery methods add a 
significant new layer of complexity to Bluetooth communications. 
While the models used define a flexible and adaptive system for 
all sorts of devices and services, searching for devices and probing 
service databases can be complex and time-consuming. From the 
searching device's point-of-view, we have a four-stage process: 
setup the query, make the query, wait for the query to return~ 
process the query's results. This four-stage process is used for 
device discovery, for service discovery, and for each attribute that 
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we need to process On memory and CPU limited device this can

amount to big problem
Consider an example Suppose you and your Bluetooth-enabled

computer enter laboratory with need to take picture from

digital cameraone you have with youand to print it on

printer You know that you have Bluetooth-enabled camera but

you do not know if Bluetooth printer is in the room There are five

other Bluetooth devices in the room however While your computer

can connect directly to the camerayou already have the address

preconfigured in the application you are usingyou must attempt

to discover printer So when your computer commences device

discovery it will have to examine six device replies the camera will

probably reply as well to find printer attributes If it finds printer

attributes in service your computer will have to probe further to

determine if it can use the printer Hopefully the right printer is

one of the first to reply to the device discovery probe and not the

last one

While discovery does indeed appear to be lot of work note

that we do not have much of choice here In general Bluetooth

environment devices move in and out of networks range reg

ularly Applications provide increasingly customized services and

devices can make few assumptions
So programmers might have to be innovative and sparing as

they implement generalized applications It is also helpful if we

can strike some kind of compromise between full device and

attribute discovery and using complete set of assumptions That

compromise can be found in the concept of class settings

13.2.6 Class Settings Some Middle Ground

There is in fact middle ground that is helpful as we try to minimize

discovery The Bluetooth specification defines two types of coarse

descriptive characterizations for device the major and minor class

settings These settings are actually returned to the device with the

Tlnqu rySockAddr object at device discovery
You can use these class settings as early indicators of the type of

the remote device Using these settings you might be able to tell the

difference between printer and digital camera You still need to

check the printer for specific requirements but you can stop certain

types of discovery by using these coarse class settings

You can use methods from the TlnquirySockAddr class to

examine these class settings

inline TUintl6 MajorServiceClase conet
inline void SetMajorServiceclaseTuintl6 aClass
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we need to process. On a memory and CPU limited device, this can 
amount to a big problem. 

Consider an example. Suppose you and your Bluetooth-enabled 
computer enter a laboratory with a need to take a picture from 
a digital camera-one you have with you-and to print it on a 
printer. You know that you have a Bluetooth-enabled camera, but 
you do not know if a Bluetooth printer is in the room. There are five 
other Bluetooth devices in the room, however. While your computer 
can connect directly to the camera-you already have the address 
preconfigured in the application you are using-you must attempt 
to discover a printer. So, when your computer commences device 
discovery, it will have to examine six device replies (the camera will 
probably reply as well) to find printer aUributes. If it finds printer 
attributes in a service, your computer will have to probe further to 
determine· if it can use the printer. Hopefully, the right printer is 
one of the first to reply to the device discovery probe and not the 
last one! 

While discovery does indeed appear to be a lot of work, note 
that we do not have much of a choice here. In a general Bluetooth 
environment, devices move in and out of a network's range reg­
ularly. Applications provide increasingly customized services, and 
devices can make few assumptions. 

So programmers might have to be innovative and sparing as 
they implement generalized applications. It is also helpful if we 
can strike some kind of compromise between full device and 
attribute discovery and using a complete set of assumptions. That 
compromise can be found in the concept of class settings. 

13.2.6 Class Settings: Some Middle Ground 

There is, in fact, a middle ground that is helpful as we try to minimize 
discovery. The Bluetooth specification defines two types of coarse, 
descriptive characterizations for a device: the major and minor class 
settings. These settings are actually returned to the device with the 
TinquirySockAddr object at device discovery. 

You can use these class settings as early indicators of the type of 
the remote device. Using these settings, you might be able to tell the 
difference between a printer and digital camera. You still need to 
check the printer for specific requirements, but you can stop certain 
types of discovery by using these coarse class settings. 

You can use methods from the TinquirySockAddr class to 
examine these class settings: 

inline TUint16 MajorServ iceClass ( ) canst; 
inline void SetMajorServiceClass (TUint16 aciass); 
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inline TUint8 MajorClassOfDevice const
inline void SetMajorClassOfDevice

TUint8 aMajorClassofDevice
inline TUintS MinorClassofflevice const
inline void SetMinorClassofflevice

TUint8 aMinorClassofDevjce

The class
settings are simply integerscodes predefined by the

Bluetooth consortium Notice that you can set your class settings as

well Also notice from the above methods that class settings apply

to device characterization as well as to service characterization

13.3 Communicating over Bluetooth

Now that we know how to get device addresses and service descrip

tions we can examine how the Symbian OS supports Bluetooth

communication Here we will revel in the modularity of the Sym
bian design because communicating over Bluetooth is based on

the now familiar model of socket communication We will tackle

this using our five-stage pattern for covering sockets

13.3.1 Initializing the System for Bluetooth

To initialize the Symbian OS for Bluetooth communications we
need to connect to the socket server and make it load the Bluetooth

drivers in which we are interested This looks very much like the

sequence we used to start up IrDA socket communications The

code fragment below illustrates this

// Start Comm server if necessary
result StartC32
if result KErrNone result KErrAlreadyExists

User Leaveresult

Connect to the socket server

result socksvr.Connect
if result KErrNone User Leave result

/7 Load the protocol
result socksvr Findprotocol LBtLinkManager

protocollnfo
User LeavelfErrorresult

Here we start the socket server connect to it and look for the

LMP driver Loading this driver will force the loading of the other

protocol modules as necessary
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inline TUint8 MajorClassOfDevice() const; 
inline void SetMajorClassOfDevice( 

TUintS aMajorClassOfDevice); 
inline TUintS MinorClassOfDevice() const; 
inline void SetMinorClassOfDevice( 

TUintS aMinorClassOfDevice); 

255 

The class settings are simply integers-codes predefined by the 
Bluetooth consortium. Notice that you can set your class settings as 
well. Also notice from the above methods that class settings apply 
to device characterization as well as to service characterization. 

13.3 Communicating over Bluetooth 

Now that we know how to get device addresses and service descrip­
tions, we can examine how the Symbian OS supports Bluetooth 
communication. Here we will revel in the modularity of the Sym­
bian design, because communicating over Bluetooth is based on 
the now familiar model of socket communication. We will tackle 
this using our five-stage pattern for covering sockets. 

13.3.1 Initializing the System for Bluetooth 

To initialize the Symbian OS for Bluetooth communications, we 
need to connect to the socket server and make it load the Bluetooth 
drivers in which we are interested. This looks very much like the 
sequence we used to start up lrDA socket communications. The 
code fragment below illustrates this. 

// Start comm server if necessary 
result= StartC32(); 
if (result != KErrNone && result t= KErrAlreadyExists) 

User: :Leave(result); 

// Connect to the socket server 
result= socksvr.Connect(); 
if (result != KErrNone) User: :Leave(result); 

// Load the protocol 
result= socksvr.FindProtocol( L("BtLinkManager"), 

protocolinfo); 
User: :LeaveifError(result); 

Here, we start the socket server, connect to it, and look for the 
LMP driver. Loading this driver will force the loading of the other 
protocol modules as necessary. 
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If we are to enable remote devices to discover the local devices

features we must also initialize the system for discovery as we

discussed in detail previously in this chapter If the application is

to do service database manipulation some special care must be

taken to keep the database server up and listening When the last

connection to the service database is closed the server shuts down

even if an SDP connection is open This means that an application

must take care to keep connections database subsessions open
until all database manipulation is completed

It is useful for Bluetooth device to have name We can get and

set the name of device through the host resolver The definitions

below show the methods that are used to do this

TInt GetHostNameTDes aName
void GtHostNameTDes aNameTRequestStatus aStatus
TInt SetHostNameconst TDesC aName

We have seen these before with the RHostResolver definition

The GetHostName method will retrieve the name of the local

device placing it in the aName parameter The SetHostName

method will set the name on the local device

13.3.2 Opening and Configuring Bluetooth Socket

Opening and configuring Bluetooth socket looks almost like using

any other socket Assuming we have the information we needa
device address and service identifieropening and configuring

socket is quite standard

Consider the code below from the TodoX example

TBool TodoXferBt OpenL

TInt result

result sock.Opensocksvr KBTAddrFamily
KSockSeqPacket KL2CAP

User LeavelfErrorresult

return true

The socket used here is again from the RSocket class Notice

that we have used KBTAddrFamily for the address family The

socket type specification changes based on the protocol that is

being used We must use KSockSt ream if we use RFCOMM we

use KSockSeqPacket if we use L2CAP

256 BLUETOOTH COMMUNICATIONS 

If we are to enable remote devices to discover the local device's 
features, we must also initialize the system for discovery as we 
discussed in detail previously in this chapter. If the application is 
to do service database manipulation, some special care must be 
taken to keep the database server up and listening. When the last 
connection to the service database is closed, the server shuts down 
even if an SOP connection is open. This means that an application 
must take care to keep connections (database subsessions) open 
until all database manipulation is completed. 

It is useful for a Bluetooth device to have a name. We can get and 
set the name of a device through the host resolver. The definitions 
below show the methods that are used to do this: 

Tint GetHostName(TDes &aName); 
void GetHostName(TDes &aName,TRequestStatus &aStatus); 
Tint SetHostName(const TDesC &aName); 

We have seen these before with the RHostResol ver definition. 
The GetHostName () method will retrieve the name of the local 
device, placing it in the aName parameter. The SetHostName () 
method will set the name on the local device. 

13.3.2 Opening and Configuring a Bluetooth Socket 

Opening and configuring a Bluetooth socket looks almost like using 
any other socket. Assuming we have the information we need-a 
device address and a service identifier-opening and configuring a 
socket is quite standard. 

Consider the code below from the TodoX example. 

TBool TodoXferBt: :OpenL() 
{ 

Tint result; 

result= sock.Open(socksvr , KBTAddrFamily, 
KSockSeqPacket, KL2CAP); 

User: :LeaveifError(result); 

return true; 

The socket used here is again from the RSocket class. Notice 
that we have used KBTAddrFamily for the address family. The 
socket type specification changes based on the protocol . that is 
being used. We must use KSockStream if we use RFCOMM; we 
use KSockSeqPacket if we use L2CAP. 
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We can configure socket at three different levels using locti

calls

Low-level configuration i.e levels of protocol below L2CAP
can be configured through Host Controller Interface HCI com
mands to the locti method for socket

There are also locti calls that will configure settings for the

L2CAP protocol level

Settings for RFCOMM sockets can also be done through

locti RFCOMM sockets also have options that can be

retrieved through the GetOpt method of the RSocket class

13.3.3 Connecting Client Sockets

Clients connect to servers using the RSocket Connect
method As we have seen before this method needs valid address

and service specification to which to connect the socket The service

specification is set in the address object This object can take one of

several forms all of which are derived through the inheritance tree

from the TSockAddr class

It can be TBTSockAddr object This class has SetB
TAddr method to set the Bluetooth device address directly

and SetPort method from TSockAddr to set the service

specifier

It can be TlnqurysockAddr object since this is the class

of the information that results from device discovery There is

no need to set the device address but the service ID must be set

with the SetPort method

It can be protocol-specific address defined as either

TL2CAPSockAddr object or TRfcommSockAddr object

specifying L2CAP or RFCOMM protocols respectively This

class borrows methods to set the device address and service

specifiers from the TBTSockAddr class

We should make an observation here about service IDs The L2CAP

layer is meant to implement multiple services multiplexed and

identified by service specifiers RFCOMM is meant to implement

serial communication behavior Serial communication does not

need multiple service specification therefore RFCOMM uses only

one service ID whose integer value is

Once our socket is created the call to Connect looks the

same as with other protocols The code below is from the TodoX

example
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We can configure a socket at three different levels using Ioctl () 
calls: 

• Low-level configuration, i.e., levels of protocol below L2CAP, 
can be configured through Host Controller Interface (HCI) com­
mands to the Ioctl () method for a socket. 

• There are also Ioctl () calls that will configure settings for the 
L2CAP protocol level. 

• Settings for RFCOMM sockets can also be done through 
Ioctl (). RFCOMM sockets also have options that can be 
retrieved through the GetOpt () method of the RSocket class. 

13.3.3 Connecting Client Sockets 

Clients connect to servers using the RSocket :· : Connect () 

method. As we have seen before, this method needs a valid address 
and service specification to which to connect the socket. The service 
specification is set in the address object. This object can take one of 
several forms, all of which are derived through the inheritance tree 
from the TSockAddr class: 

• It can be a TBTSockAddr object. This class has a SetB­
TAddr () method to set the Bluetooth device address directly, 
and a Set Port () method (from TSockAddr) to set the service 
specifier. 

• It can be a TinquirySockAddr object, since this is the class 
of the information that results from device discovery. There is 
no need to set the device address but the service ID must be set 
with the SetPort () method. 

• It . can be a protocol-specific address, defined as either a 
TL2 CAPSockAddr object or a TRf commSockAddr object, 
specifying L2CAP or RFCOMM protocols, respectively. This 
class borrows methods to set the device address and service 
specifiers from the TBTSockAddr class. 

We should make an observation here about service IDs. The L2CAP 
layer is meant to implement multiple services multiplexed and 
identified by service specifiers. RFCOMM is meant to implement 
serial communication behavior. Serial communication does not 
need multiple service specification; therefore, RFCOMM uses only 
one service ID, whose integer value is 3. 

Once our socket is created, the call to Connect () looks the 
same as with other protocols. The code below is from the Todox 

example: 
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addr.Setport15
sock.Connect addr status

iSendingstate ESC
SetActive

The call to Connect is asynchronous and TodoX uses an active

object for the Bluetooth exchange Therefore we also set up the

connection state and we call SetActive Notice here that we
have specifically set up the service specifier value as 15 chosen

arbitrarily

13.3.4 Binding Server Sockets

Message servers i.e receivers go through the usual procedure in

setting up listener for Bluetooth connections bind an opened

socket to local address set up listening queue on that socket

and open blank socket to connect to an incoming connection

For Bluetooth servers we must bind the listening socket to

specific service ID We do not need to specifically set the Bluetooth

device address which means the server will connect to any device
but we must set the address and listen only for connections on

specific port

The code below from the TodoX example has familiar pattern

void TodoXferBt ConfigureReceiver

TInt result

/7 configure security

result iListener.Opensocksvr KETAddrFamily
KSockeqPacket KL2CAP

User LeavelfErrorresult
addr.SetPortl5
result iListener.Bindeddr
User LeavelfErrorresut
result iListener.Listen5
User LeavelfErrorresult

This example sets up listener socket for any device on port 15
with listener queue size of

To receive connection the service must call the listen

ing sockets Accept method with blank socket When
Accept returns the socket will be defined and the two endpoints

will have data channel over which they can communicate
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addr.SetPort(lS); 
sock.Connect(addr,status); 

iSendingState = ESC; 
SetActive(); 

The call to Connect () is asynchronous, and TodoX uses an active 
object for the Bluetooth exchange. Therefore, we also set up the 
connection state, and we call SetActi ve (). Notice here that we 
have specifically set up the service specifier value as 15, chosen 
arbitrarily. 

13.3.4 Binding Server Sock~ts 

Message servers (i.e., receivers) go through the usual procedure in 
setting up a listener for Bluetooth connections: bind an opened 
socket to a local address, set up a listening queue on that socket, 
and open a "blank" socket to connect to an incoming connection. 

For Bluetooth servers, we must bind the listening socket to a 
specific service ID. We do not need to specifically set the Bluetooth 
device address, which means the server will connect to any device, 
but we must set the address and listen only for connections on a 
specific port. 

The code below from the TodoX example has a familiar pattern: 

void TodoXferBt: :ConfigureReceiver () 
{ 

Tint result; 

II ... configure security .. . 

result= iListener.Open(soc ksvr, KBTAddrFamily, 
KSockSeqPacket, KL2CAP); 

User: :LeaveifError(result); 
addr.SetPort(lS); 
result= iListener . Bind (addr); 
User : :LeaveifError(result); 
result= iListener . Listen(S); 
User: :LeaveifError(result); 

This example sets up a listener socket for any device on port 15, 

with a listener queue size of 5. 
To receive a connection, the service must call the listen­

ing socket's Accept () method with a "blank" socket. When 
Accept () returns, the socket will be defined and the two endpoints 
will have a data channel over which they can communicate. 
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13.3.5 Exchanging Data

As two devices are poised to send data between them each side has

connected socket to use for the data transmission At this point
the standard API for socket communication is used The protocol

issuesincluding initiation and terminationare still valid and are

not specialized because we are using Bluetooth

13.3.6 Closing Socket

Bluetooth sockets are closed in the normal manner by draining the

socket of pending I/O requests shutting down the socket and then

shutting down the socket server

13.4 The Bluetooth Security Manager

One of the benefits of designing the Bluetooth protocol suite after

other protocols had been designed and tested is that its designers

could include features and details that the other protocol suites

lacked One of these details is security Bluetooth pays attention to

security issues in situations where other protocols do not Bluetooth

protocols negotiate certain security settings when incoming connec
tions are made to devices Specifically two connecting devices will

negotiate whether authentication authorization and encryption are

required
The Symbian OS implements this negotiation through the use of

security manager The security manager is server that protects

and manages the resources associated with incoming connections

The RBTMan class encapsulates the functionality of the security

manager This manager maintains database of security settings

characterized in the Symbian OS by the RETSecuritysettings
class specific collection of settings is handled by the TBT
ServiceSecurity class To control the security manager an

application must first connect to it open the security database

through an RBTSecurtySettings object and then set up pol

icy on connection over specific service specifier by registering

TBTServiceSecurity object
The TBTServiceSecurity class has the following definition

class TBTServiceSecurity

public
IMPORT TBTServiceSecurityTJid aUidTInt aProtocollD

TInt aChannellD
IMPORT TBTServiceSecurity

const TBTServiceSecurity aService
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13.3.5 Exchanging Data 

As two devices are poised to send data between them, each side has 
a connected socket to use for the data transmission. At this point, 
the standard API for socket communication is used. The protocol 
issues-including initiation and termination-are sti)I valid and are 
not specialized because we are using Bluetooth. 

13.3.6 Closing a Socket 

Bluetooth sockets are closed in the normal manner, by draining the 
socket of pending 1/0 requests, shutting down the socket, and then 
shutting down the socket server. 

• 13.4 The Bluetooth Security Manager 

One of the benefits of designing the Bluetooth protocol suite after 
other protocols had been designed and tested is that its designers 
could include features and details that the other protocol suites 
lacked. One of these details is security. Bluetooth pays attention to 
security issues in situations where other protocols do not. Bluetooth 
protocols negotiate certain security settings when incoming connec­
tions are made to devices. Specifically, two connecting devices will 
negotiate whether authentication, authorization, and encryption are 
required. 

The Symbian OS implements this negotiation through the use of 
a security manager. The security manager is a server that protects 
and manages the resources associated with incoming connections. 
The RBTMan class encapsulates the functionality of the security 
manager. This manager maintains a database of security settings, 
characterized in the Symbian OS by the RBTSecuri tySet tings 
class. A specific collection of settings is handled by the TBT­
ServiceSecurity class. To control the security manager, an 
application must first connect to it, open the security database 
through an RBTSecuritySettings object, and then set up a pol­
icy on a connection over a specific service specifier by registering 
a TBTServiceSecuri ty object. 

The TBTServiceSecuri ty class has the fol lowing definition: 

class TBTServiceSecurity 
{ 
public: 

IMPORT C TBTServiceSecurity(TUid aUid,Tint aProtocolID, 
Tlnt aChannelID); 

IMPORT_C TBTServicesecurity( 
canst TBTServiceSecurity &aService); 
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IMPORT TBTServiceSecurity
IMPORT void SetuidTtlid aUid
IMPORT void SetProtocollD TInt aProtocollD
IMPORT void SetChannellD TInt aChannellD
IMPORT void SetAuthentjcationTB001 aPreference
IMPORT void SetAuthorisationTBool aPreference

IMPORT void SetEncryptionTBool aPreference
IMPORT void SetDeniedTBool aPreference
IMPORT TBool AuthorisationRequired const
IMPORT TBool EncryptionRequired const
IMPORT TBool AuthenticationRequired const
IMPORT TBool Denied corist

IMPORT TUid Uid coost
IMPORT TInt ProtocollD const
IMPORT TInt ChannellD const

private

set of service settings is identified by UID and the service

specifier and protocol over which it is defined Using the above

class interface settings can be turned on or off for authentication

authorization and encryption We can even flat out deny specific

protocol connection through these settings There are also methods

to determine the security settings for particular connection

We might establish set of security specifications as in the

following example

TBTServiceSecurity securityspecs
TtJid specsUlD
specsulD.jUid Oxolff 7/chosen arbitrarily

securityspecs SetUid specsUlD
securityspecs SetChanneliD 15
securityspecs SetProtocollD KS01BtL2CAP

securityspecs SetAuthentication EFalse
securityspecs SetAuthorisation EFalse

securityspecs SetEncryption ETrue

The code above sets up security specification for connections

over L2CAP using service ID of 15 The specification stipulates no

authentication or authorization is necessary but encryption must

be used

The RETsecuritysettings class has the following definition

class RBTSecuritySettings public RBTManSubSession

public
IMPORT TInt OpenRBTMan aSession
IMPORT void Close
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IMPORT C TBTServiceSecurity(); 
IMPORT C void SetUid(TUid aUid); 
IMPORT C void SetProtocolID(Tint aProtocolID); 
IMPORT C void SetChannelID(Tint aChannelID); 
IMPORT C void SetAuthentication(TBool aPreference); 
IMPORT C void SetAuthorisation(TBool aPreference); 
IMPORT C void SetEncryption(TBool aPreference); 
IMPORT C void SetDenied(TBool aPreference); 
IMPORT C TBool AuthorisationRequired() const; 
IMPORT C TBool EncryptionReguired( ) const; 
IMPORT C TBool AuthenticationRequired() const; 
IMPORT C TBool Denied() const; 
IMPORT C TUid Uid() const; 
IMPORT C Tint ProtocolID() const; 
IMPORT C Tint ChannelID() const; 

private: 

A set of service settings is identified by a UID and the service 
specifier and protocol over which it is defined. Using the above 
class interface, settings can be turned on or off for authentication, 
authorization, and encryption. We can even flat out deny a specific 
protocol connection through these settings. There are also methods 
to determine the security settings for a particular connection. 

We might establish a set of security specifications as in the 
following example: 

TBTServiceSecurity securityspecs; 
TUid specsUID; 
specsUID.iUid ~ 0x0lff; //chosen arbitrarily 

securityspecs.SetUid(specsUID); 
securityspecs .SetChannelID(lS); 
securityspecs . SetProtocolID(KSolBtL2CAP) ; 

securityspecs.SetAuthentication(EFalse); 
securityspecs.SetAuthorisation(EFalse); 
securityspecs . SetEncryption(ETrue); 

The code above sets up a security specification for connections 
over L2CAP using a service ID of 15. The specification stipulates no 
authentication or authorization is necessary, · but encryption must 
be used. 

The RBTSecuri tySettings class has the following definition: 

class RBTSecuritySettings : publ ic RBTManSubSession 
{ • 

public : 
IMPORT C Tint Open(RBTMan& aSession) ; 
IMPORT_C void Close(); 
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IMPORT void RegisterService
const TBTServicesecurity aService
TRequestStatus aStatus

IMPORT void tjnregisterService
const TBTServiceSecurity aService
TRequestStatus aStatus

Using this class an application can open and close the security

database and register and unregister set of security specifications

The RBTMan class has rather simple definition

class RBTMan public RSessionBase

public
IMPORT RBTMan
IMPORT TInt Connect
IMPORT TVersion Version const

An application can use this class to connect to the server and tell its

version Via an inherited method from the RSessionBase class

security manager session is closed with Close method call

Given that we have the security specifications we used in previ

ous examples we might enter them into the security database with

the code below

RBTMan security manager

RBTSecuritySettings security_database

TaTserviceSecurity securityspecs

TRequestStatus status
TInt result

// define the security specifications for L2cAP/service 15

result security manager.Connect
User LeavelfRrrorresult
Result security database.Opensecurity manager
User LeavelfErrorresult

security database.RegisterServicesecurityspecs status

User WaitForRequest status

Notice that the Registerservice method is an asynchronous

call that requires us to wait for result The unRegisterSer
vice method is also asynchronous Most security settings are

imposed by the serverthe recipient of connection The settings

are negotiated as the connection is being made and the client will

automatically adjust its settings to match those demanded by the

server There is way for the client to request settings it must call

} ; 
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IMPORT C void RegisterService ( 
const TBTServiceSecurity &aService, 
TRequestStatus &aStatus); 

IMPORT_C void UnregisterService(. 
const TBTServ iceSecurity &aService, 
TRequestStatus &aStatus); 

261 

Using this class, an application can open and close the security 
database and register and unregister a set of security specifications. 

The RBTMan class has a rather simple definition: 

class RBTMan: public RSessionBase 

public: 
IMPORT C RBTMan(}; 
IMPORT C Tint Connect(}; 
IMPORT C TVersion Version() const; 

} ; 

An application can use this class to connect to the server and tell its 
version. Via an inherited method from the RSessionBase class, a 
security manager session is closed with a Close () method call. 

Given that we have the security specifications we used in previ­
ous examples, we might enter them into the security database with 
the code below: 

RBTMan security_manager; 
RBTSecuritySettings security_database; 
TBTServiceSecurity securityspecs; 
TRequestStatus status ; 
Tint result; 

II ... define the s e curi ty specifications for L2CAPlservice 1 5 

result =. security_ ma n ager.Connect(); 
User : : Leavei f Error(result); 
Result= security_database .Open(security_ manage r )); 

User::LeaveifError(result); 

security_database .Re giste rService(securityspecs, statu s ); 

User::WaitForRequest(status); 

Notice that the Register Service () method is an asynchronous 
call that requires us to wait for a result. The UnRegisterSer­

vice () method is also asynchronous. Most security settings are 
imposed by the server-the recipient of a connection. The settings 
are negotiated as the connection is being made, and the client will 
automatically adjust its settings to match those demanded by the 
server. There is a way for the client to request settings: it must call 
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the locti method for the socket being used as the connection

An example is below

sook.IoctlKHClAuthRequestloctl status NULL KS0TBSHCI
User WaitForRsqueststatus

This sets the outgoing socket connection to specificafly request that

authentication be used Note that in settings negotiation either

side may reject the settings proposed by the negotiating partner

133 An Exampk ffluetooth nstant Messaging

To complete this chapter would like to work through one more

example Suppose we wanted to implement an application that

would send short text messages between two Bluetooth devicesa

kind of Bluetooth instant messenger Lets design and construct an

application to do this and see wf at it entails

351 Desgnng the Apphcation

The Bluetooth lnstant Messenger BuM applcaton smpie in

concept a.nd compos.d of three parts

The user interfhce Obviously any application for Symbian
OS device must have user ntertace \/Vhi Oit is not really the

c.oncern of this chapter suffic.e it to say that we must havt

simple and effective interface An example interface is shown in

Figure 134

The sender This is an active olsject that engages receiver

in protocol to send message over uetooth This message

sending rotocoi is simply text string that is acknowledged

by the receiver The state diagram for this active object is in

Figure 135

Tin ve Tb is is an ac ye obj ec that acts as kin rl of isp lay

server It fields connections from senders engages in message

protocol over Bluetooth and writes the received message to

the receiving devices display The state diagram for the servers

protocol is in Figure 13.6

Note that there are two active objects at work concurrently in

this application The message senders client works with remote

receivers server to get message to the remote devices display

However each device in the BTIM application can be both sender

and receiver hence the need for two active objects
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the Ioctl () method for the socket being used as the connection . 
An example is below: 

sock .Ioctl(KHCIAuthRequestioctl, status, NULL, KSolBtHCI ) ; 

User : :WaitForRequest(status); 

Th is sets the outgoing socket connection to specifical ly request that 
authentication be used. Note that, in a settings negotiation, either 
side may reject the settings proposed by the negotiating partner. 

13.5 An Example: Bluetooth Instant Messaging 

To complete this chapter, I would like to work through one more 
example. Suppose we wanted to implement an application that 
would send short text messages between two Bluetooth devices--a 
kind of Bluetooth instant messenger. Let's design and construct an 
application to do this and see w hat it entails. 

13.5.1 Designing the Application 

The Bluetooth Instant /V\essenger (BTltv1) application 1s simple in 

concept and composed of three parts: 

• The user interface: Obviously, any application for a Symbian 
OS device must have a user interface. \Nhile it is not really the 
concern of this chapter, suffice it to say that we must have a 
simple and effective interface. An example interface is shown in 
Figure 13.4. 

,, The sender: This is an active object that engages a receiver 
in a protocol to send a message over Bluetooth. This message 
sending uprotocol 1

' is simply a text string that is acknowledged 
by the receiver. The state diagram for this active object is in 
Figure 13.S. 

The receiver: This is an active object that acts as a kind of disp lay 
server. It fields connections from senders, engages in a message 
protocol over Bluetooth1 and writes the r·eceived message to 
the receiving device' s display. The state diagram for the server's 
protocol is in Figure 13.6. 

Note that there are two active objects at work concurrently in 
this application. The message sender's client works with a remote 
receiver's server to get a message to the remote device's display. 
However, each device in the BT!M application can be both a sender 
and a receiver, hence the need for two active objects. 
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45

ur The BuM ni ut cc

7/ /\

cOnneC/f

//\

ESendDone

Idgure 35 State diagram for the senders active object

Consider the act of sending message Each message must

have destination attached However as is usuafly the case with

Bluetooth it is not sufficient to set the receiver device once and

have this receiver be used for each message we send nstead we
must set the receiver for each message that goes orrt This means

device discovery must be performed for each message that is sent
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figure 13.4 The BTIM user interface . 

.. Aec . 
~etvr, "o 
~ 1-r'' 
~ • . 

....._ ESendDone) 

\J 
Figure 13.5 State diagram for the sender's active object. 

Consider the act of sending a message. Each rnessage must 
have a destination attached. However, as is usually the case with 
Bluetooth, it is not suffic ient to set the receiver device once and 
have this receiver be used for each message we send. Instead, we 
must set the receiver for each message that goes out. This means 
device discovery must be performed for each rnessage that is sent. 
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Msg
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Ack
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EReceive

Done

Figure 3.6 State diagram for the receivers active object

Consider how BTIM would receive messages Receiving means

an infinite iteration of accepting socket connection taking text

message over this socket and writing this text to the display The

receiver will have to pull the name of the senders device from

the socket connection The receiver will also have to choose the

options to negotiate for this connection in the implementation
have chosen the easy way no authentication no authorization and

no encryption is used

13.5.2 Initializing the Application

The application is quite simple The interface is container with

single textbox an CEkTextListBox object inside The receiver

object is created at the same time the interface is constructed and

initialized The code below shows how this is done

void CBTIMApptJi ConstructL

II Allow base class CEikAppui to perform necessary
1/ construction

CQikAppui ConstructLO

II Build the container
iContainer CBTlMContainerNewLU

II The container is added to the control stack for key
/1 event handling
AddToStackL iContainer

II Start the receiver
iReceiver BTlMReceiverNewLthis

264 BLUETOOTH COMMUNICATIONS 

Figure 13.6 State diagram for the receiver's active object. 

Consider how BTIM would receive messages. Receiving means 
an infinite iteration of accepting a socket connection, taking a text 
message over this socket, and writing this text to the display. The 
receiver will have to pull the name of the sender's device from 
the socket connection. The receiver will also have to choose the 
options to negotiate for this connection; in the implementation, I 
have chosen the easy way: no authentication, no authorization, and 
no encryption is used. 

13.5.2 Initializing the Application 

The application is quite simple. The interface is a container with a 
single textbox (an CEikTextListBox object) inside. The receiver 
object is created at the same time the interface is constructed and 
initialized. The code below shows how this is done: 

void CBTIMAppUi: :ConstructL() 
{ 

II Allow base class (CEikAppUi ) to perform necessary 
II construction 
CQikAppUi: :ConstructL(); 

II Build the container 
iContainer = CBTIMContainer::NewL( ) ; 

I I The container is added to the control stack (for key 
I/ event handling). 
AddToStackL(iContainer); 

II Start the receiver 
iReceiver = BTIMReceiver::NewL(this); 
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iReceiver-Init
iReceiver- OpenL
iReceiver-Configure
iReceiver-StartReceive

So after the interface has been built we instantiate arid initialize the

receiver object The call to the StartReceive method initiates

the parallel execution of the active object thread

The interface destructor is below

CBTIMAppIJ1-CBTIMAppUi

iReceiver-Close
delete iReceiver
RemoveFromStack iContainer
delete iContainer

The destructor of the CBTIMAppUi object destroys the receiver

object when it destroys the user interface container

13.5.3 The Sender Object

The implementation of the sender object takes the form of the

ETIMSender class and follows our five-stage definition for sockets

In the BTIM application sending message happens in response to

the user tapping button on the application toolbar In response to

this button tap we call the SendMessage method whose code

is below

void CBTIMAppUi SendMessage

TBuf40 meg
CEikDialog dialog

new ELeave
CBTlMMessageTextDialog msg

if dialog-ExecuteLDR MESSAGE TEXT DIALOG
iSender BTIMSender NewLthis
iSender-Init

iSender-OpenL
iSender- Configure
isender-SendMeg msg
iSender-Close

We pop up dialog to capture the message text and then go

through the five stages of socket usage
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iReceiver->Init(); 
iReceiver->OpenL(); 
iReceiver->Configure(); 
iReceiver->StartReceive(); 

So after the interface has been built, we instantiate and initialize the 
receiver object. The call to the StartRecei ve () method initiates 
the para I lei execution of the active object thread. 

The interface destructor is below: 

CBTIMAppUi: :-CBTIMAppUi() 
{ 

iReceiver->Close(); 
delete iReceiver; 
RemoveFromStack(iContainer); 
delete iContainer; 

The destructor of the CBTIMAppUi object destroys the receiver 
object when it destroys the user interface container. 

13.5.3 The Sender Object 

The implementation of the sender object takes the form of the 
BTIMSender class and follows our five-stage definition for sockets. 
In the BTIM application, sending a message happens in response to 
the user tapping a button on the application toolbar. In response to 
this button tap, we call the SendMessage () method, whose code 
is below: 

void CBTIMAppUi: :SendMessage() 
{ 

TBuf<40> msg; 
CEikDialog* dialog 

new ( ELeave) 
CBTIMMessageTextDialog(&msg); 

if (dialog->ExecuteLD(R_MESSAGE_TEXT_DIALOG)) 
iSender = BTIMSender: :NewL(this); 
iSender->Init(); 
iSender->OpenL(); 
iSender->Configure(); 
iSender->SendMsg(msg); 
iSender->Close(); 

We pop up a dialog to capture the message text, and then go 
through the five stages of socket usage. 
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Initializing the socket

We initialize socket by starting and connecting to the socket

server loading the proper protocol and opening host resolver

socket for device discovery The mit method is below

TInt BTIMSender Init

TInt result
TUint nProtocols

TNameEntry nentry
THostName hostname

/7 Start Comm server if necessary
result StartC32

if result KBrrNone result KErrAlreadyExists
User Leave result

7/ Connect to the socket server

result socksvr.Connect
if result KErrNone UserLeaveresult

7/ toad the protocol
result socksvr.FindProtocol LBTLinkManager

protocollnfo
User LeaveltErrorresult

7/ get the resolver ready
result resolver.Opensocksvr

protocollnfo iAddrFamily protocollnfo iProtocol
User LeavelfErrorresult

return ETrue

Opening the Bluetooth connection

For the sender the OpenL method simply involves opening the

socket that we will use to send data to receiver The OpenL
method is below

TBool BTIMSender OpenL

TInt result

result sock.Opensocksvr KETAddrFamily
KsockSeqPacket KL2CAP

User LeavelfErrorresult

return ETrue

266 BLUETOOTH COMMUNICATIONS 

Initializing the socket 

We initialize a socket by starting and connecting to the socket 
server, loading the proper protocol, and opening a host resolver 
socket for device discovery. The Ini t () method is below: 

Tint BTIMSender: :Init() 
{ 

Tint result; 
TUint nProtocols; 
TNameEntry nentry; 
THostName hostname; 

// Start comm server if necessary 
result= StartC32(); 
if (result != KErrNone && result != KErrAlreadyExists) 

·user: :Leave(result); 

// Connect to the socket server 
result= socksvr.Connect(); 
if (result != KErrNone) User: :Leave(result); 

// Load the protocol 
result= socksvr.FindProtocol(_L("BTLinkManager"), 

protocolinfo) ; 
User: :LeaveifError(result); 

// get the resolver ready 
result= resolver.Open(socksvr, 

protocolinfo.iAddrFamily, protocolinfo.iProtocol); 
User: :LeaveifError(result); 

retur n ETrue; 

Opening the Bluetooth connection 

For the sender, the OpenL () method simply involves opening the 
socket that we will use to send data to a receiver. The OpenL () 

method is below: 

TBool BT IMS ender : : OpenL () . 
{ 

Tint result; 

result= sock.Open(socksvr, KBTAddrFamily, 
KSockSeqPacket, K_L2CAP) ; 

User: :LeaveifError(result); 

return ETrue; 
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Note that we are using the L2CAP protocol so use the KBTAddr
Family address type and socket type of KSockseqPacket

Configuration and device discovery

There really is no need for further configuration for Buetooth

socket beyond the parameters given when the socket is opened so

chose to do device discovery at configuration time The config
ure method code is below

void BTfllSenderConfigure

TInt result

TNameEntry tnentry

// discover the device
addr.SetIAC KGIAC
addr SetAction KHostReslnquiry
resolver.GetByAddress addr tnentry status
User WaitForRequest status

// discover the service we want
if status KErrNone

tnentry setName SelectionrJl tnentry
else

iAppUi-ShowErrMessageL Cannot discover any other
_L Bluetooth devices

User Leave status mU

This is fairly standard device discovery using by-address discovery

and setting up an unlimited query The response comes back in the

tnentry variable

If there is single device that needs to be discovered we can

pick the first response and use that one as the destination to which

to send the message However if multiple devices have responded
the user must pick one This is common task and the Symbian
OS has provided device selection user interface to perform it

This device selection user interface is displayed by using an

object from the RNotifier class and some selection filter classes

Consider the example code below

TInt result
TRequestStatus status
RNotifier notifier
TBTfleviceSelectionParams selectionFilter
TtJtJID targetServiceClass0x2345 /1 arbitrary example ID

TBTDeviceResponseParams response
TPtrC name
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Note that we are using the L2CAP protocol, so I use the KBTAddr­
Family address type and a socket type of KSockSeqPacket. 

Configuration and device discovery 

There really is no need for further configuration fo-r a Bluetooth 
socket beyond the parameters given when the socket is opened, so 
I chose to do device discovery at configuration time. The Config­
ure () method code is below: 

void BTIMSender::Configure() 
{ 

Tint result; 
TNameEntry tnentry; 

II discover the device 
addr.SetIAC(KGIAC); 
addr.SetAction(KHostResinquiry); 
resolver.GetByAddress(addr, t nentry, status); 
User::WaitForRequest(status); 

II discover the service we want 
i f (status== KErrNone) ( 

tnentry.setName(SelectionUI (tnentry)) ; 
else { 

iAppUi->ShowErrMessage (_L("Cannot discover any other"), 
_ L ( "Bluetooth devices." ) ) ; 

User: :Leave(status.Int() ); 

This is fairly standard device discovery, using by-address discovery 
and setting up an unlimited query. The response comes back in the 
tnentry variable. 

If there is a single device that needs to be discovered, we can 
pick the first response and use that one as the destination to which 
to send the message. However, if multiple devices have responded, 
the user must pick one. This is a common task, and the Symbian 
OS has provided a device selection user interface to perform it. 

This device selection user interface is displayed by using an 
object from the RNotif ier class and some selection filter classes. 
Consider the example code below: 

Tint result; 
TRequestStatus status; 
RNotifier notifier; 
TBTDeviceSelectionParams selectionFilter; 
TUUID targetServiceClass(Ox2345); / / arbitrary, example ID 
TBTDeviceResponseParams response ; 
TPtrC name; 
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// Connect to the notifier server

result notifier.Connect
User LeavelfErrorresult

// Set up the parameters
selectionFilter.SetTJtJID targetServiceClass
TBTDeviceSelectionparamsPckg pckgselectionFilter
TBTfleviceResponseParamsPckg responsePckg response

1/ Start up the notifier
notifier.StartNotifierAndGetResponse status

KDeviceSelectionNotifieruid pckg responsePckg
User WaitForRequeststatus

/7 Handle the notification
if status.Int KErrNone

if resultPckg.IsValidDeviceNameO
name.setresultPckg .DeviceNameQ

/7 Shut down the notifier
notifier CancelNotif ier KDeviceSelectionNotifierUid

notifierClose

Notice that we set up all the data then call the StartNoti

ferAndGetResponse method for the RNotifier object By

sending it the KDeviceSelectionNotifierUid we get the

proper dialog Once the user has selected device name the above

code extracts it to the name variable

Sending the message

We engage in the message exchange protocol when the SendMsg
method is called with text message as the parameter Its code is

below

void BTIMSender SendMsgTDesC aNsg

buffer.CopyaMsg

addr SetPort ETIM SENDING PORT
sock.Connectaddrstatus
iConnectionState ESendConnect
SetActive

In this code we copy the message to an 8bitbuffer set the address

sending specifier to specific value thereby avoiding the hassle

of service discovery then
try

to connect the socket to the remote

device
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// Connect to the notifier server 
result= notifier.Connect(); 
User: :LeaveifError(result); 

//Setup the parameters 
selectionFilter.SetUUID(targetServiceClass); 
TBTDeviceSelectionParamsPckg pckg(selectionFilter); 
TBTDeviceResponseParamsPckg responsePckg(response); 

//Startup the notifier 
notifier.StartNotifierAndGetResponse (status, 

KDeviceSelectionNotifierUid, pckg , responsePckg) ; 
User: :WaitForRequest(status ) ; 

/ / Handle the notification 
if (status.Int(i' == KErrNone) 

if (resultPckg.IsValidDeviceName()) 
name . Set(resultPckg() .DeviceName(l); 

//Shutdown the notifier 
notifier.CancelNotifier(KDeviceSelectionNotifierUid) ; 
notifier.Close () ; 

Notice that we set up all the data, then call the StartNoti­
f ierAndGetResponse () method for the RNotifier object. By 
sending it the KDeviceSelectionNotif ierUid, we get the 
proper dialog. Once the user has selected a device name, the above 
code extracts it to the name variable. • 

Sending the message 

We engage in the message exchange protocol when the SendMsg ( ) 
method is called with a text message as the parameter. Its code is 
below: 

void BTIMSender: :SendMsg(TDesC &aMsg) 

buffe r.Copy(aMsg); 

addr.SetPo rt(BTIM_SENDING_ PORT) ; 
s o ck.Connect(addr,status ); 
iConnectionState = ESendConnect; 
Se t Active( ); 

In this code, we copy the message to an 8-bit buffer, set the address 
sending specifier to a specific value (thereby avoiding the hassle 
of service discovery), then try to connect the socket to the remote 
device. • 
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The RunL method implements the message exchange proto
col Its code is as follows

void BTIMSenderRunL

TInt poserriresult

switch iConnectjon5tate
case SSendConnect

if Status KErrNone

iAppUi-SetProgress _L Sending Message
Send buffer
iConnectionState ESendl

else

// handle the error

break

case ESendl
if status KErrNone

iAppUi SetProgress
LAwaiting acknowledgement

Receive buffer
iConnectionState ESend2

else

// handle the error

break

case ESend2
if status KErrMone

if buffer L8OK
iConnectionState ESendError

else

iConnectionState ESendflone

else

/7 handle the error

break

if iConnectionState ESendDone
socksvr.Close
sock Close
delete this
else if iConnectionState ESendError
/7 handle the error

This code uses the same Send and Receive methods as the

TodoX example the format of each message includes the length of
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The RunL () method implements the message exchange proto­
col. Its code is as follows: 

• void BTIMSender: : RunL () 
{ 

Tint pos,err,i,result; 

switch (iConnectionState) 
case ESendConnect: 

if (status== KErrNone) 
iAppUi->SetProgress(_L("Sending Message")); 
Send (buffer) ; 
iConnectionState = ESendl; 

else { 
// handle the error 

break; 

case ESendl: 
if (status== KErrNone) { 

iAppUi->SetProgress 
(_L("Awaiting acknowledgement")); 

Receive(buffer); 
iConnectionState = ESend2; 

else { 
// handle the error 

break; 

case ESend2: 
if (status== KErrNone) { 

if (buffer != _LB("OK")) 
iConnectionState = ESendError; 

else { 
iConnectionState = ESendDone; 

else { 
// handle the error 

break; 

if (iConnectionState 
socksvr.Close(); 
sock.Close(); 

ESendDone) { 

delete this; 
else if (iConnectionState 
// handle the error 

ESendError) { 

This code uses the same Send () and Receive () methods as the 
TodoX example; the format of each message includes the length of 
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the message as the first byte Notice that when the object is done

sending the message it deletes itself This is so the BTIM application

object can initiate message send operation and then leave the

sending work to the active object

13.5.4 The Receiver Object

The implementation of the receiver is via the BTIMReceiver class

and follows the five-stage implementation pattern to which we are

accustomed The sequence of starting and terminating receiver

was already given in the code for the interface construction

Initializing the receiver connection

Initialization of the receiver is much like that for the sender with

the exception that we do not need host resolver Receivers do

not do device discovery Therefore like the sender we start the

communication server connect to the socket server and load the

right protocol module This code is below

TInt BTlMkeceiver mit

TInt result
TUint nProtocols
TNameEntry nentry
THostName hostname

// Start comm server if necessary
result StartC32

if result KErrNone result KErrAlreadyExists
User Leave result

/1 Connect to the socket server

result socksvr.Connect
if result KErrNone UserLeaveresult

// Load the protocol
result socksvr Findprotocol L2CAP

protocollnfo
User LeavelfErrorresult
return ETrue

Notice that we load the L2CAP protocol module instead of the LMP

module We need the LMP module for device discovery but not for

socket connections
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the message as the first byte. Notice that when the object is done 
sending the message, it deletes itself. This is so the BTIM application 
object can initiate a message send operation and then leave the 
sending work to the active object. 

13.5.4 The Receiver Object 

The implementation of the receiver is via the BTIMRecei ver class 
and follows the five-stage implementation pattern to which we are 
accustomed. The sequence of starting and terminating a receiver 
was already given in the code for the interface construction. 

Initializing the receiver connection 

Initialization of the receiver is much I ike that for the sender, with 
the exception that we do not need a host resolver. Receivers do 
not do device discovery. Therefore, like the sender, we start the 
communication server, connect to the socket server, and load the 
right protocol module. This code is below: 

Tint BTIMReceiver: :Init () 
{ 

Ti nt result; 
TUint nProtocols; 
TNameEntry nentry; 
THostName hostname; 

II Start comm server if necessary 
resul t= StartC32(); 
if (result != KErrNone && result ! = KErrAlreadyExists) 

User : :Leave (result ); 

II Connect to the socket server 
result= socksvr.Connect(); 
if (result != KErrNone) User::Leave(result); 

// Load the protocol 
result= socksvr.FindProtocol(_L("L2CAP"), 

protocolinfo); 
User : :LeaveifError(result); 
return ETrue; 

Notice that we load the L2CAP protocol module instead of the LMP 
module. We need the LMP module for device •discovery but not for 
socket connections. 
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Opening the Bluetooth connection

The OpenL method opens both the listener socket and the first

blank socket for communicating with the remote device The code

is below

Tnool BTlMReceiver OpenL

TInt result

result iListener.Opensocksvr KBTAddrFamily
KsockSeqPacket KL2CAP

User LeavelfErrorresult
result iServiceSocket.Opensocksvr KBTAddrFsmily

KSockseqPacket KL2CAP
User LeavelfErrorresult

return true

Configuring the receiver socket

Configuration of the receiver socket must do two things it must

configure the listening socket and it must set up the security

parameters for incoming connections The code to do this is

below
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Opening the Bluetooth connection 

The OpenL () method opens both the listener socket and the first 
blank socket for communicating with the remote device. The code 
is below: 

TBool BTIMReceiver: :OpenL() 
{ 

Tint result; 

result= iListener.Open (socksvr, KBTAddrFami l y, 
KSockSeqPacket, KL2CAP); 

User: :LeaveifError(resul t ); 
result= iServiceSocket.Open (socksvr, KBTAddrFamily, 

KSockSeqPacket, KL2CAP); 
User::LeaveifError(result); 

return true; 

Configuring the l'eceiver socket 

Configuration of the receiver socket must do two things: it must 
configure the : listening socket, and it must set up the security 
parameters for incoming connections. The code to do this 1s 
below: 
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void BTlMReceiver Configure

TInt result
RBTMan manager
RBTSecuritySettings secdatabase
TBTServiceSecurity settings
Ttlid settingsUlD

II Set up the listening socket

addr SetPort BTIMSENDINGPORT
result iListener.Bjndaddr
User LeavelfErrorresult
result iListener.Listen5
User LeavelfErrorresult

II Connect and open the database
result manager Connect

User LeavelfErrorresult
result secdatabase.Open manager
User LeavelfErrorresult

II Set up the settings

settingsUlD.iUid OxOlff
settings SetUid settingaUlfl
settings SetChannellD BTIM SENDING PORT
settings SetProtocollD KSo1BtL2CAP

settings SetAuthentication EFalse
eettinga SetAuthorisation EFalse
settings SetEncryption EFalse

// Register the settinga

secdatabase.RegisterServicesettings status
User WaitForRequeststatus

As we stated above the security settings
do not use authentication

authorization or encryption

Receiving message

The receiver object starts receiving when the StartReceiver

method is called This method simply makes an Accept call and

initiates the active object thread execution The code is as follows

void BTlNReceiver StartReceive

TInt result

iListener.AcceptiServiceSocket status

iConnectionState EReceiveAccepting
SetActive
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void BTIMReceiver::Configure() 

Tint result; 
RBTMan manager; 
RBTSecuritySettings secdatabase; 
TBTServiceSecurity settings; 
TUid settingsUID; 

II Set up the listening socket 
addr.SetPort(BTIM_SENDING_PORT); 
result= iListener.Bind (addr); 
User : :LeavelfError{result); 
result= iListener.Listen(5); 
User: :LeaveifError(result); 

II Connect arid open the database 
result= manager.Connect(); 
User : :LeavelfError(result); 
result= secdatabase.Open(manager); 
User : :LeaveifError{result); 

II Se t up the s e ttings 
settingsUID.iUid = 0x0lff; 
sett ings.SetUid(settingsUID); 
settings.SetChannelID(BTIM_SENDING_PORT) ; 
sett i ngs.SetProtocolID (KSolBtL2CAP ); 
settings.SetAuthentication(EFalse); 
settings.SetAuthorisation(EFalse ) ; 
settings.SetEncryption (EFalse); 

II Re gister the settings 
secdatabase.Regi sterService(settings , status ) ; 
User::WaitForRequest(status); 

As we stated above, the security settings do not use authentication, 
authorization, or encryption. 

Receiving a message 

The receiver object starts receiving when the StartRecei ver () 

method is called. This method simply makes an Accept ( ) call and 
initiates the active object thre~d execution. The code is as follows: 

void BTIMReceiver : :StartReceive() 

Tint result; 

iList ener.Accept(iServiceSocket, status ) ; 

iConnec tionSt ate = EReceiveAccepting ; 
SetActive(); 
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The RunL method implements the message receipt protocol

void BTlMReceiver RunL

TInt poserr iresult

switch iConnectionState
case EReceiveAccepting

if status KErrNone

iAppUi-sSetProgress LEstablishing protocol
Receive buffer
iConnectionState EReceivingMsg

else

// handle the error

break

case EReceivingMsg
if status KErrNone

iAppUi- SetProgress

LAwaiting acknowledgement
buffer Copy L8 OK
Send buffer
iConnectionState ESendingAck

else

// handle the error

break

case ESendingAck
if status KErrbone

if buffer L8 OK
iConnectionState EReceiveError

else

iConnectionState EReceiveDone

else

// handle the error

break

if iConnectionState EReceiveDone
iServiceSocket Close
StartReceive

else if iConnectionState EReceiveError

// handle the error

The receiver uses Send and Receive methods as the sender

does to send and receive strings Note that when message receipt

is done an application method is called to display the text the

service socket is closed and the process is started again through
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The RunL () method implements the message receipt protocol. 

void BTIMReceiver: :RunL() 
{ 

Tint pos,err,i,result; 

switch (iConnectionState) 
case EReceiveAccepting: 

if (status== KErrNone) 
iAppUi->SetProgress(_L("Establishing protocol" )) ; 
Receive (buffer); 
iConnectionState = EReceivingMsg; 

else { 

// handle the error 

break; 

case EReceivingMsg: 
if (status== KErrNone ) 

iAppUi->SetProgress 
(_L("Awaiting acknowledgement")); 

buffer.Copy{_LB("OK")); 
Send (buffer); 

iConnectionState = ESendingAck; 
else { 

// handle the error 

break; 

case ESendingAck: 
if (status== KErrNone) 

if (buffer ! = _LB ( "OK") ) 
iConnectionState = EReceiveError; 

else { 

iConnectionState = EReceiveDone; 

else { 
// handle the error 

break; 

if (iConnectionState == EReceiveDone) 
iServiceSocket.Close (); 
StartReceive(); 

else if (iConnecti onState 
// handle the error 

EReceiveError) { 
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The receiver uses Send () and Receive () methods as the sender 
does to send and receive strings. Note that when a message receipt 
is done, an application method is called to display the text, the 
service socket is closed, and the process is started again through a 
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call to StartReceive This is why the service socket is opened
in that method rather than in the OpenL method

13.6 Summary

In this chapter we discussed the support that the Symbian OS gives

to Bluetooth protocols and how we are to use the APIs that result

This has been long chapter with much space devoted to key

element of Bluetooth technology device and service discovery
The Symbian OS supports the rest of the Bluetooth protocol suite

through extensions to the socket model Socket support looks very

much like the support for other protocol suites We also spent time

on large example Bluetooth instant messaging
In the next chapter we take on bridge of sorts telephony

It is not really transport technology nor content technol

ogy However it addresses distinctive feature of Symbian OS

devices one that demonstrates the convergence of computing and

communication
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call to StartRecei ve (). This is why the service socket is opened 
in that method rather than in the OpenL ( ) method. 

13.6' Summary 

In this chapter, we discussed the support that the Symbian OS gives 
to Bluetooth protocols and how we are to use the APls that result. 
This has been a long chapter, with much space devoted to a key 
element of Bluetooth technology: device and service discovery. 
The Symbian OS supports the rest of the Bluetooth protocol suite 
through extensions to the socket model. Socket support looks very 
much like the suppor_t for other protocol suites. We also spent time 
on a large example: Bluetooth instant messaging. 

In the· next chapter, we take on a bridge of sorts: telephony. 
It is not really a transport technology nor a content technol­
ogy. However, it addresses a distinctive feature of Symbian OS 
devices, one that demonstrates the convergence of computing and 
communication. 



14

Telephony

The convergence of telephony and handheld computing devices has

had long history As soon as the first devices sported serial port

telephony services could be accessed by connecting modem and

sending it commands to dial or answer phone calls As integrated

devices were developed control over telephony functions became

more crucial issue for Symbian designers Telephony functionality

was inextricably bound to Symbian OS devices with the Ericsson

R380 and Nokia 9210/9290 These devices demonstrate how tele

phony communication and computing capabilityintegrating data

and voice capabilitycan be mutually beneficial

This chapter will examine how Symbian OS supports telephony
In way this chapter represents transition from transport tech

nologies to content technologies It lies between the two telephony
is neither transport nor content yet can be used for both The wide

variety of telephony functions and uses are provided by the Symbian
OS telephony model

This chapter will review the details of Symbian OS telephony
services To fully appreciate the ETeI model it is pertinent that we
start by examining all of the different situations it was designed to

address We will then take an overview look at the structure of the

API Then we will dig into the details of by looking at the four

main objects in its design And finally we will wrap up by looking

at faxing as special case of telephony

14.1 The Various Forms of Telephony

Communication using conventional analog telephone basically

takes two forms data and voice communication Data communica
tion over telephone is handled by modem the digital-to-analog

converter we discussed in Chapter Fax messages are image files

14 
Telephony 

The convergence of telephony and handheld computing devices has 
had a long history. As soon as the first devices sported a serial port, 
telephony services could be accessed by connecting a modem and 
sending it commands to dial or answer phone calls. As integrated 
devices were developed, control over telephony functions became 
a more crucial issue for Symbian designers. Telephony functionality 
was inextricably bound to Symbian OS devices with the Ericsson 
R380 and Nokia 9210/9290. These devices demonstrate how tele­
phony communication and computing capability-integrating data 
and voice capability-can be mutually beneficial. 

This chapter will examine how Symbian OS supports telephony. 
In a way, this chapter represents a transition from transport tech­
nologies to content technologies. it I ies between the two; telephony 
is neither transport nor content, yet can be used for both. The wide 
variety of telephony functions and uses are provided by the Symbian 
OS ET el telephony model. 

This chapter will review the details of Symbian OS telephony 
services. To fully appreciate the ETel model, it is pertinent that we 
start by examining all of the different situations it was designed to 
address. We will then take an overview look at the structure of the 
API. Then we will dig into the details of ETel by looking at the four 
main objects in its design. And finally we will wrap up by looking 
at faxing as a special case of telephony. 

14.1 The Various Forms of Telephony 

Communication using a conventional analog telephone basically 
takes two forms: data and voice communication. Data communica­
tion over a telephone is handled by a modem, the digital-to-analog 
converter we discussed in Chapter 4. Fax messages are image files 
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converted to digital format faxes are sent between computers and

fax machines using fax modems The computer controls the modem

by using set of commands The Hayes command set for example

is by far the most widely used set of commands for modems Hayes-

format commands take the form of AT commands the character

sequence AT followed by characters to command the modem

to do certain tasks To initialize modem and cause it to dial

number for example we might give it the following command

string

ATQOE1DT555 3454

This
string

tells the modem to send result codes back to the computer
in response to commands echo back the commands sent to the

modem and tone-dial the number 5553454
Voice communication via telephone is effectively peer-to-

peer connection where the address of the remote device is the

telephone number being dialed The telephone number is accepted

by the telephone network switching infrastructure and stable

connection is made between the local and remote devices until

one or both terminate the connection by hanging up telephone

can handle several telephone lines each line can typically multiplex

several phone calls at once

Telephone networks can be wired so-called landline net

works or wireless often termed cellular networksI prefer the

term mobile Of the possible equipment or handset and switch

ing network combinations digital choices have emerged as the

most promising for the future GSM phone is good example of

digital phone equipment using digital connection network As we
discussed briefly in Chapter GSM is packet-based protocol that

sends data packets of fixed size for fixed time interval The phone
handset must also be digital device to use the digital network and

some offer the capability of being controlled by computer My
Nokia 8290 handset for example has an infrared port that allows

it to accept commands from an external device

14.2 AStructuralOverview

The model Symbian OS uses is abstract enough to provide the

application programmer with consistent standard interface no

matter what kind of device is being used

The first thing to point out about this model is that telephony

functionality on Symbian OS is viewed as resource and as with all
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converted to digital format; faxes are sent between computers and 
fax machines using fax modems. The computer controls the modem 
by using a set of commands. The Hayes command set, for example, 
is by far the most widely used set of commands for modems. Hayes­
format commands take the form of II AT" commands: the character 
sequence "AT" followed by characters to command the modem 
to do certain tasks. To initialize a modem and cause it to dial a 
number, for example, we might give it the following command 
string: 

ATQOE1DT555 - 3454 

This string tells the modem to send result codes back to the computer 
in response to commands, echo back the commands sent to the 
modem, ·and tone-dial the number 555 - 3454. 

Voice communication via telephone is effectively a peer-to­
peer connection, where the "address" of the remote device is the 
telephone number being dialed. The telephone number is accepted 
by the telephone network switching infrastructure and a stable 
connection is made between the local and remote devices, until 
one or both terminate the connection by "hanging up" . A telephone 
can handle several telephone lines; each line can typically multiplex 
several phone calls at once. 

Telephone networks can be wired (so-called "landline" net­
works) or wireless (often termed " cellular" networks-I prefer the 
term "mobile"). Of the possible equipment (or handset) and switch­
ing network combinations, digital choices have emerged as the 
most promising for the future. A GSM phone is a good example of 
digital phone equipment using a digital connection network. As we 
discussed briefly in Chapter 4, GSM is a packet-based protocol that 
sends data packets of a fixed size for a fixed time interval. The phone 
handset must also be a digital device to use the digital network, and 
some offer the capability of being controlled by a computer. My 
Nokia 8290 handset, for example, has an infrared port that allows 
it to accept commands from an external device. 

14.2 A Structural Overview 

The model Symbian OS uses is abstract enough to provide the 
application programmer with a consistent, standard interface, no 
matter what kind of device is being used. 

The first thing to point out about this model is that telephony 
functionality on Symbian OS is viewed as a resource and, as with all 
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resources on Symbian OS there is server to protect and manage
it As first step to using telephony device then an application

needs to connect to the root telephony server

The remainder of the Symbian telephony model closely follows

experience in using telephones Figure 14.1 shows diagram of

this Symbian view The model looks at telephony as collection of

phones Each phone is an abstraction of telephony device e.g
modem or GSM phone Through this abstraction we can access

devices status and capabilities and be notified if changes occur

to devices properties phone can have one or more lines An

application can access the status and capabilities of line just as it

can for phone and can be notified if any of these change

OnY
phone phone phone phone

Z\/pl /\
lines

hnes 1-
ines/

Figure 14.1 The ETeI phone model

The actual use of line from phone is designated as call

line can have zero or more active calls call can dial number
wait for an incoming connection and be terminated As with lines

an application can get status and capabilities information for call

and be notified of changes to call

These abstractions combine to form the ETel model The heart of

this models implementation is in the TSY module By integrating

the specific implementation of this model for particular phone
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resources on Symbian OS, there is a server to protect and manage 
it. As a first step to using a telephony device, then, an application 
needs to connect to the root telephony server. 

The remainder of the Symbian telephony model closely follows 
experience in using telephones. Figure 14.1 shows a diagram of 
this Symbian view, The model looks at telephony as· a collection of 
phones. Each phone is an abstraction of a telephony device (e.g., a 
modem or a GSM phone). Through this abstraction, we can access 
a device's status and capabilities and be notified if changes occur 
to a device's properties. A phone can have one or more lines. An 
application can access the status and capabilities of a line, just as it 
can for a phone, and can be notified if any of these change. 

Telephony 
Server 

■ ■ ■ 

phone phone phone phone 

/I"' I \~I"' 1, \ ----=--:-#- \ ,..,-; -~ 
lines . Imes . -~ 

I\~""~/\ l"\ 
<~IB ~ 
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Figure 14.1 The ETel phone model. 

The actual use of a line from a phone is designated as a call. A 
line can have zero or more active calls. A call can dial a number, 
wait for an incoming connection, and be terminated. As with lines, 
an application can get status and capabilities information for a call 
and be notified of changes to a call. 

These abstractions combine to form the ETel model. The heart of 
this model's implementation is in the TSY module. By integrating 
the specific implementation of this model for a particular phone 
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type into module Symbian OS designers ensured that the API for

this functionality would remain the same across different phones
and the application programmer is free from worrying about the

implementation specifics for particular phone In addition when

new phone must be integrated into this framework it amounts to

new TSY module implementation
It is important to note what is not It isa phone access model

it is not model for anything beyond phone access For example
while supports phone dialing it does not support address

translation when dialingfor example the altering of the address

dialed to reflect location information As another example

supports call connection and termination but it does not support

call management or queuing of calls to be made is specifically

targeted at access to phone features and nothing more

TSYs Supported by Symbian OS

TSYs are specifically designed to plug into the telephony server

and provide access to telephony features Figure 14.2 shows

where TSY modules lit in the infrastructure Search your

Symbian device or emulator and look for TSY modules provided

with the device In version 6.1 of Symbian OS you should find

at least three ISYc that are provided with the distribution

Client -J Client

Application Application

ent-side API

Core API Extension API

ETeI Server

TSY API

TSY TSY
Module Module

Telephony Telephony
Hardware Hardware

Figure 14 ctructuiaI digram

278 TELEPHONY 

type into a module, Symbian OS designers ensured that the API for 
this functionality would remain the same across different phones, 
and the application programmer is free from worrying about the 
implementation specifics for a particular phone. In addition, when 
a new phone must be integrated into this framework, it amounts to 
a new TSY module implementation. 

It is important to note what ET el is not. It is a phone access model; 
it is not a model for anything beyond phone access. For example, 
while ET el supports phone dialing, it does not support address 
translation when dialing-for example, the altering of the address 
dialed to reflect location information. As another example, ETel 
supports call connection and termination, but it does not support 
call management or queuing of calls to be made. ETel is specifically 
targeted at access to phone features and nothing more. 

Client 
Application 

Client 
Application 

Client-side API 

Core API Extension API 

TSY 
Module 

ETel Server 

TSY API 

TSY 
. Module 

Figure 14.2 ETel structural diagram. 
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14.3 Components of the ETeI Model

The ETeI model has four components the root telephony server the

phone component the line component and the call object These

are depicted in Figure 14.1

14.3.1 The Root Server

The root server manages access to the telephony system It is

implemented by the RTelServer class We will examine the

definition of this class in several pieces
As with all resources managed by servers before telephony can

be used we must connect to the telephony server We do this with

the Connect function defined below

IMPORT TInt Connect TInt aMessageSlots
KflefaultMessageSlots

Using this function we connect to the telephony server and specify

how many message slots we need Recall from Chapter that

single message slot is communication channel in one direction

The default number of slots assigned is 32 The RTelServer class

is subclass of the RSessionBase class and therefore inherits the

Close function which is used to shut down an active telephony

server session

Once connection is established the TSY module that is needed

should be loaded TSY modules can be manipulated through the

functions defined below

IMPORT TInt LoadPhoneModule
const TDesC aFileMame const

IMPORT TInt tjnloadPhonelvlodule

const TDesC aFileName const

The first function loads TSY module and the second function

removes TSY module The TSY modules are specified by name

via string to the parameter of each function The name should

be specified without the tsy suffix the system will supply this as

necessary For example we could load the GSM TSY module as

gsmbsc tsy or gsmbsc either form will work

Once the appropriate TSY module has been loaded we can

make queries about its properties These queries take the form of

telephony server functions defined below

inline TVersion Version const
IMPORT TInt EnumeratePhones TInt aNoOfPhones const
IMPORT TInt GetPhonelnfoconst TInt alndex

TPhonelnfo alnfo const
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14.3 Components of the ETel Model 

The ETel model has four components: the root telephony server, the 
phone component, the line component, and the call object. These 
are depicted in Figure 14.1. 

14.3~ 1 The Root Server 

The root server manages access to the telephony system. It is 
implemented by the RTelServer class. We will examine the 
definition of this class in several pieces. 

As with all resources managed by servers, before telephony can 
be used we must connect to the telephony server. We do this with 
the Connect () function, defined below: 

IMPORT_C Tint Connect(Tint aMessageSlots 
=KDefaultMessageSlots); 

Using this function, we connect to the telephony server and specify 
how many message slots we need. Recall from Chapter 8 that a 
single message slot is a communication channel in one direction. 
The default number of slots assigned is 32. The RTelServer class 
is a subclass of the RSessionBase class, and therefore inherits the 
Close () function, which is used to shut down an active telephony 
server session. 

Once a connection is established, the TSY module that is needed 
should be loaded. TSY modules can be manipulated through the 
functions defined below: 

IMPORT_C Tint LoadPhoneModule ( 
canst TDesC &aFileName) canst; 

IMPORT C Tint UnloadPhoneModule( 
. canst TDesC &aFileName) canst; 

The first function loads a TSY module, and the second function 
removes a TSY module. The TSY modules are specified by name 
via a string to the parameter of each function. The name should 
be specified without the . tsy suffix; the system will supply this as 
necessary. For example, we could load the GSM TSY module as 
gsmbsc. tsy or gsmbsc; either form will work. 

Once the appropriate TSY module has been loaded, we can 
make queries about its properties. These queries take the form of 
telephony server functions, defined below: 

inline TVersion Version( ) canst; 
IMPORT_C Tint EnumeratePhones(Tint &aNoOfPhones) canst; 
IMPORT_C Tint GetPhoneinfa(const Tint aindex, 

TPhoneinfo &ainfo) canst; 
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The first function retrieves the version number of the TSY module

and returns that version as either build number or combination

of major and minor version numbers The EnumeratePhones

function will return in its parameter the total number of phones

supported by TSY modules loaded by the telephony server These

supported phones can be accessed as an array particular phone is

chosen by index number The GetPhonelnfo function will take

an index number and return structure containing the information

on the phone from the array of phones supported by the telephony

server This information structure is defined by the TPhonelnfo

struct given below

struct TPhonelnfo

TNetworkType iNetworkType
TName iName
Tijint iNumberOfLines
TUint Extensions

The information given in this structure specifies the type of network

of which the phone is part an enumerated type specifying

mobile analog or digital the name of the phone the number of

lines supported by the phone and the number of extensions the

phone TSY module supports
TSY information can be obtained from telephony server using

the functions below

IMPORT TInt GetTsyNameconst TInt alndexOf Phone
TDes aTsyName const

IMPORT TInt IsoupportedsyModuleconst TDesC aTsyNarne
const TInt aMixin TBool aResult const

IMPORT TInt GetTsyVersionNumberconst TDesC aTsyName
TVersion aVersion const

The name of the TSY that supports the phone at certain spot in

the phone list is retrieved by the first function The name-of the TSY

for the phone at the position given in the first argument is retrieved

into the second argument The second function returns Boolean

value that determines if extended functionality is supported by

TSY All TSY modules are assumed to support minimal set of

telephony functionality The IsSupportedByModule module

will set the Boolean variable in the third argument to reflect if the

TSY in the first argument supports the extra functionality specified

in the second argument The second argument is bitmask of

extended functionality constants Finally the version number of the

TSY module is retrieved by the third function
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The first function retrieves the version number of the TSY module 
and returns that version as either a build number or a combination 
of major and minor version numbers. The EnumeratePhones () 

function will return in its parameter the total number of phones 
supported by TSY modules loaded by the telephony server. These 
supported phones can be accessed as an array; a particular phone is 
chosen by index number. The Get Phone Info () function will take 
an index number and return a structure containing the information 
on the phone from the array of phones supported by the telephony 
server. This information structure is defined by the TPhoneinfo 

struct given below: 

struct TPhoneinfo 

}; 

TNetworkType iNetworkType; 
TName iName; 
TUint iNumberOfLines; 
TUint iExtensions; 

The information given in this structure specifies the type of network 
of which the phone is a part (an enumerated type, specifying 
mobile, analog, or digital), the name of the phone, the number of 
lines supported by the phone, and the number of extensions the 
phone TSY module supports. 

TSY information can be obtained from a telephony server using 
the functions below: 

IMPORT_ C Tint G_etTsyName ( canst Tint aindexOf Phone, 
TDes &aTsyName) canst; 

IMPORT_C Tint IsSupportedByModule(const TDesC &aTsyName, 
canst Tint aMixin, TBool &aResult) canst; 

I MPORT_C Tint GetTsyVersionNumber(const TDesC &aTsyName, 
TVersion &aversion) canst; 

The name of the TSY that supports the phone at a certain spot in 
the phone list is retrieved by the first function. The name of the TSY 
for the phone at the position given in the first argument is retrieved 
into the second argument. The second function returns a Boolean 
value that determines if extended functionality is supported by a 
TSY. All TSY modules are assumed to support a minimal set of 
telephony functionality. The IsSupportedByModule () module 
will set the Boolean variable in the third argument to reflect if the 
TSY in the first argument supports the extra functionality specified 
in the second argument. The second argument is a bitmask of 
extended functionality constants. Finally, the version number of the 
TSY module is retrieved by the third function. 
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client of the telephony server can designate itself as client of

highest priority by using the function below

IMPORT TInt SetPriorityClient const

Only one client can be designate itself as high priority client

Lets take an example Lets say we have PhoneCall class that

will initialize phone and make voice phone call The definition

for this class might look like this

class PhoneCall public CActive

enum TCallState EDialing Eflone EError
public

PhoneCall

-PhoneCall

public
II Static construction

static PhoneCall MewLC
static PhoneCall MewL

public
void ConstructL

void Init
void MakeCall TDesC aTelephoneNumber

void DoCancel
void RunLO

private
RTelServer telserver
RPhone gsmphone
RLine phoneline
RCa11 phonecall

TRequeststatus callstatus
TCallState iCallState
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A client of the telephony server can designate itself as a client of 
highest priority by using the function below: 

IMPORT_C Tint SetPriorityClient ( ) const; 

Only one client can be designate itself as a high priority client. 
Let's take an example. Let's say we have a PhoneCall class that 

will initialize a phone and make a voice phone call. The definition 
for this class might look like this: 

class PhoneCall : public CActive 
{ 

enum TCallState {EDialing, EDone, EError}; 
public: 

PhoneCall () ; 
-PhoneCall () ; 

public: 
// Static construction · 
static PhoneCall* NewLC(); 
static PhoneCall* NewL(); 

public: 
void ConstructL(); 

void Init(); 
void MakeCall(TDesC &aTelephoneNumber); 

void DoCancel(); 
void RunL(); 

private: 

} ; 

RTelServer telserver; 
RPhone gsmphone; 
RLine phoneline; 
RCall phonecall; 

TRequestStatus callstatus; 
TCallState iCallState; 
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Notice that this class is an active object and uses the iCaliState

variable to track its communication state and the calistatus

variable to monitor its I/O progress

Now consider the definition of the mit function as it applies

to the telephony server Here we want to deal with voice call

over GSM phone

void PhoneCall mit

RTelServer TPhonemnfo phoneinfo
RPhone TLinelnfo lineinfo
RPhone TCaps capabilities
RLine TCaps lcapabilities
TInt result
TInt phoneslnescalls
TBuf25 name

/7 Connect to the telephony server

result telserver.Conriect
User LeavelfErrorresUlt

// Load the right TSY

result telserver.LoadPhoneModule Lgsmbsc.tsy
User LeavelfErrorresult

/7 Get information about phones from the server

result telserver.EnumeratePhones phones
User LeavelfErrorresult
if phones User LeavelfErrorKErrNotSupported

// .. other code to mit phones lines and calls

We connected to the telephony server and loaded the GSM TSY

module If no phones were supported for example if no GSM

phone could be found via the infrared port this code would abort

with an error code

14.3.2 The Phone Component

When access to the telephony server is granted phone supported

by the telephony server must be selected Phones are characterized

by the RPhone class This class definition is long we will take

piecemeal walk through it

RPhone class functions

Once session has been established with the telephony server

subsession with phone must be established through an RPhone
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Notice that this class is an active object and uses the iCallState 
variable to track its communication state and the callstatus 
variable to monitor its 1/0 progress. 

Now, consider the definition of the Ini t () function as it applies 
to the telephony server. Here, we want to deal with a voice call 
over a GSM phone. 

void PhoneCall: :Init() 
{ 

RTelServer: :TPhoneinfo phoneinfo; 
RPhone: :TLineinfo lineinfo; 
RPhone: :TCaps capabilities; 
RLine: :TCaps lcapabilities; 
Tint result; 
Tint phones,llnes,calls; 
TBuf<25> name; 

II Connect to the telephony server 
result= telserver.Connect(); 
User: :LeaveifError(result); 

II Load the right TSY 
result= telserver.LoadPhoneModule (_L ( "gsmbsc.tsy ")); 
User: :LeaveifError(resul t); 

II Get information about phones from the server 
result= t elserver.EnumeratePhones(phones) ; 
User: :LeaveifError(result); 
if (phones== O) User::LeaveifError(KErrNo tSupported} ; 

II ... other code to init phones, lines, and calls 

We connected to the telephony server and loaded the GSM TSY 
module. If no phones were supported (for example, if no GSM 
phone could be found via the infrared port), this code would abort 
with an error code. 

14.3.2 The Phone Component 

When access to the telephony server is granted, a phone supported 
by the telephony server must be selected. Phones are characterized 
by the RPhone class. This class definition is long; we will take a 
piecemeal walk through it. 

RPhone class functions 

Once a session has been established with the telephony server, a 
subsession with a phone must be established through an RPhone 
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object As you might expect we use Open and Close
functions for this

IMPORT_C TInt Open RTelServer aSession
const TDesC aName

IMPORT void Close

The session variable for an established telephony server session and

the name of phone with which to open subsession is passed

to the Open function This name is retrieved from RTelServer

objects GetPhonelnfo function

When phone subsession has been successfully opened the

phone must be initialized This is done through an Initialise
function as below

IMPORT_C TInt Initia1ise
IMPORT_C void InitialiseTRequeststatus aStatus

This function is available in synchronous the first version and

asynchronous the second version varieties The asynchronous
version also has function to cancel the initialization

IMPORT void InitialiseCancel

Initializing is allowed to be asynchronous because it may take

some time to set up the telephony device this is especially true of

modem
When phone subsession exists and the device has been ini

tialized there are several queries that we can make of telephony
device

We get the devices capabilities through the following function

IMPORT_C TInt GetCapsTCaps aCaps const

These capabilities are returned in the TCaps structure This

structure comprises bitstring whose bit positions denote

specific capability These capabilities include voice transmis

sion the ability to transmit fax data using various fax standards

and the ability to automatically sense when data is transferred

over the modem interface

The status of the telephony device can be retrieved using the

following function

IMPORT TInt GetStatusTStatus aStatus const
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object. As you might expect, we use Open () and Close () 
functions for this: 

IMPORT C Tint Open(RTelServer &aSession, 
const TDesC &aName); 

IMPORT_C void Close(); 

The session variable for an established telephony server session and 
th~ name of a phone with which to open a subsession is passed 
to the Open () function. This name is retrieved from RTelServer 
object's GetPhoneinfo () function. 

When a phone subsession has been successfully opened, the 
phone must be initialized~ This is done through an Initialise () 
function as below: 

IMPORT C Tint Initialise(); 
IMPORT C void Initialise(TRequestSt atus &aStatus); 

This function is available in synchronous (the first version) and 
asynchronous (the second version) varieties. The asynchronous 
version also has a function to cancel the initialization: 

IMPORT_C v o id InitialiseCancel () ; 

Initializing is allowed to be asynchronous, because it may take 
some time to set up the telephony device (this is especially true of 
a modem). 

When a phone subsession exists and the device has been ini­
tialized, there are several queries that we can make of a telephony 
device: 

• We get the device's capabilities through the following function: 

IMPORT_C Tint GetCaps (TCaps &a Ca ps ) c onst; 

These capabilities are returned in the TCaps structure. This 
structure comprises a bitstring, whose bit positions denote a 
specific capability. These capabilities include voice transmis­
sion, the ability to transmit fax data using various fax standards, 
and the ability to automatically sense when data is transferred 
over the modem interface. 

• The status of the telephony device can be retrieved using the 
following function: 

IMPORT C Tint Ge t Status(TStatu s &aSt atu s) const; 
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This information is most useful for modem The TStatus

structure holds information about the status of connection if

one has been made and how far that connection has progressed

Information about the phone lines supported by particular

RPhone object can be obtained using the following functions

IMPORT TInt EnumerateLines TInt aCount const
IMPORT TInt GetLinelnfoconst TInt alndexTLinelnfo

aLinelnfo const

Following the pattern of the RTelServer class Enumerate-

Lines will return count of the lines supported on the

RPhone object queried and GetLinelnfo will return

structure with the information about phone line connected to

it The TL me Info structure is defined as follows

struct TLinelnf

RCa11 TStatus iStatus
TUint32 iLineCapsFlags
TName iName

It contains the status of the call going across line the capabil

ities of that line and the name of the line

Finally information on the phone itselfthe same information

that was available from the RTelServer objectis retrieved

using the function below

IMPORT TInt GetlntoTPhonelnfo aPhonelnfo const

Lwk Up The Cnslanls
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When using telephone device changes in capabilities or func

tionality can occur Symbian OS provides two functions to notify

applications about any changes

IMPORT void NotifyCapsChange TRequeststatus aStatus
TCaps aCaps

IMPORT void NotifyCapsChanpeCancel const
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This information is most useful for a modem. The TStatus 

structure holds information about the status of a connection: if 
one has been made and how far that connection has progressed. 

• Information about the phone lines supported by a particular 
RPhone object can be obtained using the following functions: 

IMPORT C Tint EnumerateLines(Tint &aCount) const; 
IMPORT C Tint GetLineinfo(const Tint a index , TLineinfo 

&aLineinfo ) canst; 

Following the pattern of the RTelServer class, Enumerate­

Lines () will return a count of the lines supported on the 
RPhone object q!Jeried and GetLineinfo () will return a 
structure with the information about a phone line connected to 
it. The TLineinfo structure is defined as follows: 

struct TLineinfo 

RCall: : TSt atus iStatus; 
TUint32 iLineCapsFlags; 
TName iName ; 

It contains the status of the call going across a line, the capabil­
ities of that line, and the name of the line. 

• Finally, information on the phone itself- the same information 
that was available from the RTelServer object-is retrieved 
using the function below: 

IMPORT C Ti n t Ge tinf o(TPhone info &aPhone i nfo) c onst ; 

When using a telephone device, changes in capabilities or func­
tionality can occur. Symbian OS provides two functions to notify 
applications about any changes. • 

I MPORT C void Not i fyCap sCha n ge(TRequestS t a tus &aStatu s , 
TCaps &a Cap s ) ; 

I MPORT C void No tifyCapsChangeCancel() c onst ; 
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IMPORT void NotifyModemfletected TRequestStatus aStatus
TModemDetection aDetection

IMPORT void NotifyModemDetectedCancel const

Each function is asynchronous and comes with corresponding

cancellation function The first notifier signals the caller when the

telephony devices capabilities change the second signals when

modem change has been detected These functions are best used

by callers that are active objects themselves so that device notifi

cation can be combined and watched along with other notification

functions e.g I/O notification or line changes

More on the PhoneCal example

Lets continue the PhoneCall class example We need to expand
the implementation of the mit function to encompass initializ

ing phones The result is below

void PhoneCall Init

RTelServer TPhonelnfo phoneinf
RPhone TLinelnfo lineinfo
RPhone TCaps capabilities
RLine TCaps lcapabilities

TInt result
TInt phoneslinescalls
TBuf25 name

/7 code to initialize the telephony server connection

/7 Get the information on the phone we need
result telserver.GetPhonelnfoO phoneinfo
User LeavelfErrorresult
name Copy phoneinfo iName

7/ Open the phone and Get its capabilities
result gsmphone.Opentelserver name
User LeavelfErrorresult
result gsmphoneGetCaps capabilities
User LeavelfError result
if capabilities.iFlags RPhone KCapsVoice

User LeavelfError KErrNotSupported

1/ other code to mit lines and calls

Note that the phone is automatically initialized when opened So

we do not need to call Initialise from this initialization
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IMPORT C void NotifyModemDetected(TRequestStatus &aStatus, 
TModemDetection &aDetection); 

IMPORT_C void NotifyModemDetectedCancel() const; 

Each function is asynchronous and comes with a corresponding 
cancellation function. The first notifier signals the c_aller when the 
telephony device's capabilities change; the second signals when a 
modem change has been detected. These functions are best used 
by <::allers that are active objects themselves, so that device notifi­
cation can be combined and watched along with other notification 
functions (e.g., 1/0 notification or line changes). 

More on the PhoneCal 1 example 

Let's continue the PhoneCall class example. We n_eed to expand 
the implementation of the Ini t () function to encompass initializ­
ing phones. The result is below: 

void PhoneCall::Init() 

RTelServer: :TPhonelnfo phoneinfo; 
RPhone: :TLineinfo lineinfo; 
RPhone: :TCaps capabilities; 
RLine: :TCaps lcapabilities; 

Tlnt result; 
Tint phones,lines,calls; 
TBuf<25> name; 

I I ... code to initialize the telephony server connection 

II Get the information on the phone we need 
result= telserver . GetPhoneinfo(0, phoneinfo); 
User: :LeaveifError(result); 
name.Copy(phoneinfo.iName); 

II Open the phone and get its capabilities 
result= gsmphone.Open (telserver, name); 
User: :LeavelfError(result); 
result= gsmphone . GetCaps(capabilities); 
User: :LeavelfError(result); 
if (capabilities.iFlags & RPhone: :KCapsVoice 0) 

User: :LeaveifError(KErrNotSupported); 

II ... other code to init lines and calls 

Note that the phone is automatically initialized when opened. So 
we do not need to call Initialise() from this initialization 
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code In the code above we retrieve the name of the first phone
from the telephony server and open it up On Nokia 8290 phone

GSM phone used in the United States the name of this first

phone is GsmPhonel We conclude this code by making sure that

the phone we obtained can indeed support voice capability

14.3.3 The Line Component

Once subsession with phone has been established we need to

establish subsession over particular line The line implementation
is captured by the RLine class Again since the definition is large

will pick it apart and look at it in pieces
As with RP1-ione objects RLine object subsessions are opened

and closed The functions to do this are below

IMPORT TInt OpenRPhone ePhoneconst TDesC aName
IMPORT TInt Open RTelServer aServer

conet TOesC aName
IMPORT void Closed

Notice that we can open session using either an RTelServer

object or an RPhone object The name of the telephony line to use

must also be given this should match line name retrieved from

the RTelServer or RPhone object being used

Once subsession has been established we can make several

queries of an RLine object

We can get lines capabilities the same way we did with an

RPhone object using the same TCap structure

IMPORT TInt GetCapsTCaps aCaps const

We can get the status of line using two functions

IMPORT TInt GetStatusRCa11TStatus aStatus conet
IMPORT TInt GetHookStatusRCa11 THookStatus

aHookStatus conet

The first function returns the status ofa call that might occur over

the line This status is an enumeration that depicts call as idle

or in one of number of states of making callfrom ringing

through answering to hanging up The hook status is more

general view of call returning an enumeration that indicates

either on hook meaning disconnected line or off hook

meaning call in progress
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code. In the code above, we retrieve the name of the first phone 
from the telephony server and open it up. On a Nokia 8290 phone 
(a GSM phone used in the United States), the name of this first 
phone is GsmPhonel. We conclude this code by making sure that 
the phone we obtained can indeed support voice capability. 

14.3.3 The Line Component 

Once a subsession with a phone has been established, we need to 
establish a subsession over a particular I ine. The I ine implementation 
is captured by the RLine class. Again, since the definition is large, 
I will pick it apart and look at it in pieces. • 

As with RPhone objects, RLine object subsessions are opened 
and closed. The functions to do this are below: 

IMPORT_C Tint Open(RPhone &aPhone,const TDesC &aName); 
IMPORT_C Tint Open(RTelServer &aServer, 

const TDesC &aName); 
IMPORT_C void Close{); 

Notice that we can open a session using either an RTelServer 
object or an RPhone object. The name of the telephony line to use 
must also be given; this should match a line name retrieved from 
the RTelServer or RPhone object being used. 

Once a subsession has been established, we can make several 
queries of an RLine object: 

• We can get a line's capabilities the same way we did with an 
RPhone object, using the same TCap structure: • 

IMPORT_C Tint GetCaps(TCaps &aCaps) const; 

• We can get the status of a line using two functions: 

IMPORT C Tint GetStatus(RCall: :TStatus &aStatus) canst; 
IMPORT C Tint GetHookStatus(RCall::THookStatus 

&aHookStatu~) const; 

The first function returns the status ofa call that might occur over 
the line. This status is an enumeration that depicts a call as idle 
or in one of a number of states of making a call-from ringing 
through answering to hanging up. The hook status is a more 
general view of a call, returning an enumeration that indicates 
either "on hook" (meaning a disconnected line) or "off hook" 
(meaning a call in progress). 
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Information about calls opened on line can be retrieved using

the functions below

IMPORT TInt EnumerateCall TInt aCount const
IMPORT TInt GetCalllnfoTInt alndex

TCallInfo aCalilnfo const

As with other telephony objects the first function gives the

number of calls allowed on line The second function gets

information on specific call The TCallInf structure is

defined below

struct TCaliInfo

TName iCailName
RCa11TStatus iStatus
TUint32 iCallCapsFlaqs

This gives the name of the call its status and its capabilities

Finally information about line itself can be obtained using the

function below

IMPORT TInt GetlnfoTLinelnfo aLinelnf const

This information includes the status of the current call if there

is one and the name of the last call that was made on this line

As with RPhone objects RLine objects can be notified when

aspects of line change There are many different properties

that can change and this is reflected in the number of notifi

cation functions that are defined for the RLne class These are

below

IMPORT void NotifylncomingCall TRequestStatus aStatus
TName aName

IMPORT void NotifylncomingCallCancel const

IMPORT void NotifyHookChange TRequestStatus aStatuS
RCa11 THookStatus aHookStatus

IMPORT void NotifyHookChangeCancel const

IMPORT void NotifyStatusChange

TRequestStatus aStatusRCa11 TStatuS aLineStatuS

IMPORT void NotifyStatusChangeCancel const

IMPORT void Not ifyCallAdded TRequestStatus aStatus
TName aName

IMPORT void NotifyCallAddedCaflCel const
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• Information about calls opened on a line can be retrieved using 
the functions below: 

IMPORT_C Tint EnumerateCall(Tint &aCount) const; 

IMPORT_C Tint GetCallinfo(Tint aindex, 
TCallinfo &aCallinfo) const; 

As with other telephony objects, the first function gives the 

number of calls allowed on a line. The second function gets 
information on a specific call. The TCallinfo structure is 

defined below: 

struct TCallinfo 

TName iCallName; 
RCall: :TStatus iStatus ; 
TUint32 iCallCapsFlags; 

This gives the name of the call, its status, and its capabilities. 

• Finally, information about a line itself can be obtained using the 
function below: 

IMPORT_ C Tint Getinfo(TLineinfo &aLine i nfo) const; 

This information includes the status of the current call (if there 

is one) and the name of the last call that was made on this line. 

As with RPhone objects, RLine objects can be notified when 

aspects of a line change. There are many different properties 
that can change, and this is reflected in the number of notifi­

cation functions that are defined for the RLine class. These are . 

below: 

IMPORT C voi d NotifyincomingCall(TRequestStatus &aStatus, 

TName &aName); 
IMPORT C void NotifyincomingCallCancel() const; 

IMPORT C void NotifyHookChange(TRequestStatus &aStatus, 

RCall: :THookStatus &aHookStatus); 

IMPORT_C void NotifyHookChangeCancel() const; 

IMPORT_C void NotifyStatusChange( 

TRequestStatus &aStatus,RCall: : TStatus &aLineStatus ); 

IMPORT_C void NotifyStatusChangeCancel() const; 

IMPORT C voi d NotifyCallAdded(TRequestStatus &aStatus, 

TName &aName); 
IMPORT C void NotifyCallAddedCancel( ) const ; 
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There are four notification functions each with its own cancel

lation function Each is also asynchronous and requires status

variable for monitoring In addition each function has second

parameter that will be filled in by the telephony server when notifi

cation is made The NotifylncomingCall function will notify

when an incoming call is detected and will return the name of the

incoming call calls have namessee the next section Noti
fyHookChange will notify when there has been change in

the hook status of line and the current hook status is returned

The NotifyStatuschange function will notify interested par
ties about changes in line status returning TStatus structure

from the RCa11 class that reflects the status of line Finally the

NotifyCallAdded function will notify when call is added to

the line This occurs when new call has been created see next

section and its properties are added to the line in question Adding
call does not necessarily mean that phone call has actually been

made just that the call object is associated with the current line

Lets continue to flesh out the PhoneCall class example Ini

tializing line for phone means getting its name and opening

subsession as below

void PhoneCall mit

RTelServer TPhonelnf phoneinfo
RPhone TLinelnfo lineinfo
RPhone TCaps capabilities
RLine TCaps lcapabilites

TInt result
TInt phoneslinescalls
TBuf25 name

7/ coda to mit telephony server and phone

7/ Get the info on the line we need
result gsmphone.GetLinelnfo2 lineinfo
User LeavelfErrorresult

name.Copylineinfo.iName

1/ Open the line and get its capabilities
result phoneline.Opengsmphone name
User
result phoneline.GetCapslcapabilities
User LeavelfErrorresult
if lcapabilities.iFlags RLineKCapsVoice

User LeavelfErrorKErrNotSupported

/7 code to mit call
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There are four notification functions, each with its own cancel­
lation function. Each is also asynchronous and requires a status 
variable for monitoring. In addition, each function has a second 
parameter that will be filled in by the telephony server when notifi­
cation is made. The NotifyincomingCall () function will notify 
when an incoming call is detected and will return the name of the 
incoming call (calls have names-see the next section). Noti­
fyHookChange () will notify when there has been a change in 
the hook status of a line and the current hook status is returned. 
The NotifyStatusChange () function will notify interested par­
ties about changes in line status, returning a TStatus structure 
from the RCall class that reflects the status of a line. Finally, the 
NotifyCallAdded () function will notify when a call is added to 
the line. This occurs when a new call has been created (see next 
section) and its properties are added to the I ine in question. Adding 
a call does not necessarily mean that a phone call has actually been 
made, just that the call object is associated with the current line. 

Let's continue to flesh out the PhoneCall class example. Ini­
tializing a line for a phone means getting its name and opening a 
subsession, as below: 

void PhoneCall: :Init() 
{ 

RTelServer: :TPhoneinfo phoneinfo; 
RPhone : :TLineinfo lineinfo; 
RPhone::TCaps capabilities; 
RLine: :TCaps lcapabilities; 

Tint result; 
Tint phones,lines,calls; 
TBuf<25> name; 

II code to init telephony server and phone 

II Get the info on the line we need 
result= gsmphone.GetLineinfo(2, lineinfo); 
User: :LeaveifError(result); 
name.Copy(lineinfo.iName); 

II Open the line and get its capabilities 
result= phoneline . Open(gsmphone, name); 
User: :LeaveifError(result); 
result= phoneline . GetCaps(lcapabilities); 
User: :LeaveifError(result); 
if (lcapabilities. iFlags & RLine : : KCapsVoice == 0) 

User: : LeaveifError (KErrNotSupported} ; 

II ... code to init call 
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This example chooses the third line available on the phone and

checks its capabilities On my Nokia 8290 phone this third line is

the voice line the first two are fax and data and the name of this

line is Voice

14.3.4 The Call Object

Having established session with the telephony server and opened
subsessions to phone and line we can finally open and man
age call Calls are described by the RCa11 class Before we
launch into how to use this class should point out few things

about calls

Calls have names As with other telephony components call

has name The name of call is typically generated by the OS

and returned when call subsession is created fully quali
fied call name is one that includes call line and phone infor

mation in the format PhoneName LineName CailName

Opening call subsession does not connect call As with

phones and lines call subsession must be opened before

we can use call Opening subsession allows the telephony
server to allocate memory and resources for call but does not

manipulate the call in any way
Calls can be incoming as well as outgoing In addition to

instructing the telephony server to make call we can instruct

the server to answer call This is especially useful when

receiving faxes

Opening call subsession

call subsession must be opened before the call can be manipu
lated new subsession is opened with the following functions

IMPORT TInt OpenNewCallRTelServer aServer
const TDesC aNarneTDes aNewName

IMPORT TInt OpenNewCallRTelServer aServer
const TDesC aName

IMPORT TInt OpenNewCallRPhone aPhone
const TDesC aNameTlJes aNewName

IMPORT TInt OpenNewCallRPhone aPhone
const TDesC aNatne

IMPORT TInt OpenNewCall RLine aLineTDes aNewName
IMPORT TInt OpenNewCall RLine aLine

new call can be opened by referencing an open telephony server

session phone subsession or line subsession If server session
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This example chooses the third line available on the phone and 
checks its capabilities. On my Nokia 8290 phone, this third line is 
the voice line (the first two are fax and data), and the name of this 
line is voice. 

14.3.4 The Call Object 

Having established a session with the telephony server and opened 
subsessions to a phone and a line, we can finally open and man­
age a call. Calls are described by the RCall class. Before we 
launch into how to use this class, I should point out a few things 
about cal Is. 

• Calls have names. As with other telephony components, a cal I 
has a name. The name of a call is typically generated by the OS 
and returned when a call subsession is created. A "fully quali­
fied" call name is one that includes call, line, and phone infor­
mation. in the format PhoneNarne: : LineName: : CallName. 

• Opening a call subsession does not connect a call. As with 
phones and lines, a call subsession must be opened before 
we can use a cal I. Opening a subsession allows the telephony 
server to allocate memory and resources for a call but does not 
manipulate the call in any way. 

• Calls can be incoming as well as outgoing. In addition to 
instructing the telephony server to make a call, we can instruct 
the server to answer a call. This is especially useful when 
receiving faxes. 

Opening a call subsession 

A call subsession must be opened before the call can be manipu­
lated. A new subsession is opened with the following functions: 

IMPORT_C Tint OpenNewCall(RTelServer &aServer, 
const TDesC &aName,TDes &aNewName); 

IMPORT_C Tint OpenNewCall(RTelServer &aServer, 
const TDesC &aName); 

IMPORT_C Tint OpenNewCall(RPhone &aPhone, 
const TDesC &aName,TDes &aNewName); 

IMPORT_C Tint OpenNewCall(RPhone &aPhone, 
const TDesC &aName); 

IMP_ORT_C Tint OpenNewCall (RLine &aLine, TDes &aNewName) ; 
IMPORT_C Tint OpenNewCall(RLine &aLine); 

A new call can be opened by referencing an open telephony server 
session, a phone subsession or a line subsession. If a server session 
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is referenced the fully qualified name of the call must be given

so that the OS can derive the phone and line to use If phone
subsession is referenced the line name must be passed If line is

referenced there is no need to further specify anything Notice that

some calls come with second parameter this parameter is filled

in with the name of the call if it is provided
Subsessions can be opened with existing calls i.e calls in

progress This is done by applications that want to work with calls

already received or started by other applications For example if

one application placed voice call second application could

implement call timer To hang up after certain time period the

timer application would have to open the existing call We can do

this using the functions below

IMPORT.C TInt OpenExistingCall RTelServer aServer
const TDe5C aName

IMPORT TInt OpenExistingCall RPhone aPhone
const TDesC aName

IMPORT TInt OpenExistingCallRLine aLine
const TDesC aName

In all cases the second parameter must contain the name of the call

to open As with the OpenNewCall function the format of the

name will change depending on the type of reference made For

telephony server reference for example the name must be fully

qualified as PhoneName LineName CallName
As an example we can complete the PhoneCall mit

function Here we simply open new call subsession by referencing

the line subsession the simplest way

void PhoneCall Init

RTelServer TPhonelnfo phoneinfo
RPhone TLinelnfo lineinfo

RPhoneTCaps capabilities
Rtine TCaps lcapabilities
TInt result
TInt phoneslinescalls
TBuf25 name

// code to mit server phone and line

/1 Open new call

result phonecall.OpenNewCallphoneline name
User LeavelfErrorresult

On my Nokia phone this call is assigned the name VoiceCalil

290 TELEPHONY 

is referenced, the fully qualified name of the call must be given 
so that the OS can derive the phone and line to use. If a phone 
subsession is referenced, the line name must be passed. If a line is 
referenced, there is no need to further specify anything. Notice that 
some calls come with a second parameter; this parameter is filled 
in with the name of the call if it is provided. 

Subsessions can be opened with existing calls, i.e., calls in 
progress. This is done by applications that want to work with calls 
already received or started by other applications. For example, if 
one application placed a voice call, a second application could 
implement a call timer. To hang up after a certain time period, the 
timer application would have to open the existing call. We can do 
this using the function,s below: 

IMPORT .C Tint OpenExistingCall(RTelServer &aServer, 
canst TDesC &aName); 

IMPORT C Tint OpenExistingCall(RPhone &aPhane, 
canst TDesC &aName) ; 

IMPORT C Tint OpenEx istingCall (RLine &aLine, 
canst TDesC &aName); 

In all cases, the second parameter must contain the name of the call 
to open. As with the OpenNewCall ( ) function, the format of the 
name will change depending on the type of reference made. For 
a telephony server reference, for example, the name must be fully 
qualified as PhoneName: : LineName: : CallName. 

As an example, we can complete the Phone Cal 1 : : Ini t () 

function. Here, we simply open a new call subsession by referencing 
the line subsession (the simplest way): 

void PhoneCall: :Init() 
{ 

RTelServer: :TPhoneinfo phoneinfo; 
RPhone::TLineinfa lineinfo; 
RPhane : :TCaps capabilities; 
RLine: : TCaps lcapabilities; 
Tint result ; 
Tint phones,lines,calls; 
TBuf<25 > name; 

II ... code to init server, · phone , and line 

II Open a new call 
res ul t~ phanecal l .OpenNewCa ll (phoneline, name ) ; 
User: :Leavei fError( r esult ); 

On my Nokia phone, this call is assigned the name VoiceCall 1. 
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Making call

Although it may seem like tong journey eventually all ses

sions and subsessions will be opened and initialized At this point
we still have not made call but the system is ready for this

next step
Cal Is are made in one of two ways They can be dialed by the

Symbian OS device or they can be connected to an already dialed

call To dial call we would use one of the following functions

IMPORT TInt Dial const TTelNumberC aTelMumber const
IMPORT TInt Dial const TDesC8 aCallParams

const TTelNumberC aTelNunther const
IMPORT void Dial TRequeststatus aStatus

const TTelNumberC aTelNurnber
IMPORT void Dial TRequeststatus aStatua

const TDesCS aCallParams
const TTelNumberC aTelMurtther

The first two functions are synchronous the second two are

asynchronous All functions take parameter of the type

TTelNumberCa typedef for TDesC string There are also

two functionsone in each pairthat includes specification of

call parameters This is generic byte buffer specific to each TSY

module Note that if the asynchronous dial functions are used we
can use the following function to cancel the dialing operation

IMPORT void DialCancel conat

To connect to previously dialed call the following functions may
be used

IMPORT TInt Connect const
IMPORT TInt Connect conat TDesCS aCallParama const
IMPORT void Connect TRequestStatus aStatus
IMPORT void Connect TRequestStatus aStatus

const TDesCB aCallParams

As with the dialing functions connection functions come in syn
chronous or asynchronous varieties and can include call parameters
If an asynchronous connection call was used we can cancel it using

the following function

IMPORT void ConnectCancel conet

To illustrate this lets define the MakeCall function from our

PhoneCall example For this definition have decided to make the

Making a call 
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Although it may seem like a long journey, eventually all ses­
sions and subsessions will be opened and initialized. At this point, 
we still have not made a call, but the system is ready for this 
next step. 

Calls are made in one of two ways. They can be· dialed by the 
Symbian OS device or they can be connected to an already dialed 
call. To dial a call, we would use one of the following functions: 

IMPORT C Tint Dial (const TTelNumberC &aTelNumber) canst; 
IMPORT C Tint Dial(const TDesCB &aCallParams, 

canst TTelNumberC &aTelNumber) canst; 
IMPORT_C void Dial(TRequestStatus &aStatus, 

const TTelNumberC &aTelNumber); 
IMPORT_C void Dial(TRequestStatus &aStatus, 

const TDesCB &aCallParams, 
const TTelNumberC &aTelNumber); 

The first two functions are synchronous; the second two are 
asynchronous. All functions take a parameter of the type 
TTelNumberC-a typedef for a TDesC string. There are also 
two functions-one in each pair-that includes a specification of 
call parameters. This is a generic byte buffer specific to each TSY 
module. Note that if the asynchronous dial functions are used, we 
can use the following function to cancel the dialing operation: 

IMPORT_C void DialCancel() const; 

To connect to a previously dialed call, the following functions may 
be used: 

IMPORT c Tint Connect() const; 
IMPORT_C Tint Connect(const TDesCB &aCallParams) const; 
IMPORT_C void Connect(TRequestStatus &aStatus); 
IMPORT_C void Connect(TRequestStatus &aStatus, 

const TDesCB &aCallParams); 

As with the dialing functions, connection functions come in syn­
chronous or asynchronous varieties and can include call parameters. 
If an asynchronous connection call was used, we can cancel it using 
the following function: 

IMPORT_C void ConnectCancel( ) const; 

To illustrate this, let's define the MakeCall () function from our 
Phone Call example. For this definition, I have decided to make the 
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PhoneCall class an active object and can use an asynchronous

version of the Dial function

void PhoneCall MakeCallTDesC aNumber

phonecall.Dialcallstatus aNumber
iCallState Eljialing

SetActive

Since we have already set up the telephony system this is simple

implementation The number is string and we return from this

function right away while the system dials the call When the

call is dialed the status variable will change state and the active

objects RunL function will be called We can field this change

by including the following code in the RunL function

switch iCallState
case EDialing

if calistatus KErrNone

// handle the successful call

else

// handle the call error

break

This is just like the active object code we have seen before

Answering call

If we have successfully created all the sessions and subsessions we

need answering an incoming call is straightforward One of the

functions below should be used

IMPORT TInt AnswerlncomingCall const
IMPORT TInt AnswerlncomingCall

conat TDesCB aCallParams const
IMPORT void AnswerlncomingCall TRequeststatus aStatus
IMPORT void AnswerlncomingCall TRequestStatus aStatus

const TDesCB aCallParams

The first two versions are synchronous the second two are asyn
chronous Each pair has one version that gives general buffer

variable set by the system when call comes in The asynchronous

versions of this function can be cancelled with the function below

IMPORT void AnswerlncomingCallCancel const

Once call has been answered the application is free to do what it

wants with the open phone call If this is data call the application
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PhoneCall class an active object, and I can use an asynchronous 
version of the Dial () function: 

void PhaneCall: :MakeCall (TDesC &aNumber) 
{ 

phonecall.Dial(callstatus, aNumber); 
iCallState = EDialing; 
SetActive (); 

Since we have already set up the telephony system, this is a simple 
implementation. The number is a string and we return from this 
function right away while the system dials the call. When the 
call is dialed, the status variable will change state and the active 
object's RunL () function will be called. We can field this change 
by including the following code in the RunL ( ) function: 

switch (iCallState) { 
case EDialing: 

if (callstatus == KErrNone) 
// handle t he successful call 

else { 
// handle t he call e rror 

break; 

This is just like the active object code we have seen before. 

Answering a call 

If we have successfully created all the sessions and subsessions we 
need, answering an incoming call is straightforward. One of the 
functions below should be used: 

IMPORT C Tint AnswerincamingCall() canst; 
IMPORT C Tint AnswerincamingCall( 

canst TDesC8 &aCallParams) canst; 
IMPORT C void AnswerincamingCall (TRequestStatus &aStatus ) ; 
IMPORT C void AnswerincomingCall (TRequestStatus &aStatus, 

can st TDesC8 &aCallParams ); 

The first two versions are synchronous; the second two are asyn­
chronous. Each pair has one version .that gives a general buffer 
variable set by the system when a call comes in. The asynchronous 
versions of this function can be cancelled with the function below: 

IMPORT_ C void AnswerincamingCallCancel() const ; 

Once a call has been answered, the application is free to do what it 
wants with the open phone call. If this is a data call, the application 
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might want to access the data port directly for time For example
if we are making call with modem to transfer some data we

might want the telephony server to take care of dialing the phone
number and connecting to the opposite side but we will then want

control to pass our data We do this by loaning the data port to

the application using the following functions

IMPORT TInt LoanDataportTCommport aDataPort const
IMPORT void LoanDataport TRequestStatus aStatus

TCommPort aDataPort

This function comes in synchronous and asynchronous versions

Both versions return information on the data port that is involved

in the loan The TCommPort structure contains the CSY modules

filename and the name of the data port itself As usual if the

asynchronous version is used we can cancel the loah by using the

function below

IMPORT void LoanDataPortCancel const

Once the data port has been used for the transmission of data e.g

using sockets it can be returned to the telephony server using the

function below

IMPORT TInt RecoverDataPort const

Notifications and call information

For call there are few notifications that the system can give

an application The intent to receive these notifications can be

registered or cancelled with the following functions

IMPORT void NotifyHookChange TRequestStatus aStatus
THookStatus aHookStatus

IMPORT void NotifyHookChangeCancel const
IMPORT void NotifystatusChange TRequestStatus aStatus

TStatus aCallStatus
IMPORT void NotifyStatusChangeCancel const
IMPORT void NotifyCallDurationChange

TRequestStatus aStatus TTimelntervalSeconds aTime
IMPORT void NotifyCaliDurationChangeCancel const

There are three changes in status that can be signaled to an applica
tion the hook status the call phase status and the call duration The

hook status is the status of calls connection on-hook/off-hook

Remember that the remote device or the switching network can

terminate call at any time without asking for permission or giving
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might want to access the data port directly for a time. For example, 
if we are making a call with a modem to transfer some data, we 
might want the telephony server to take care of dialing the phone 
number and connecting to the opposite side, but we will then want 
control to pass our data. We do this by "loaning" the data port to 
the application using the following functions: 

IMPORT_C Tint LoanDataPort(TCommPort &aDataPort) canst; 
IMPORT_C void LoanDataPort(TRequestStatus &aStatus, 

TCommPort &aDataPort); 

This function comes in synchronous and asynchronous versions. 
Both versions return information on the data port that is involved 
in the loan. The TCommPort structure contains the CSY module's 
filename and the name of the data port itself. As usual, if the 
asynchronous version is used, we can cancel the loah by using the 
function below: 

IMPORT_C void LoanDataPortCancel() canst; 

Once the data port has been used for the transmission of data (e.g. 
using sockets), it can be returned to the telephony server using the 
function below: 

IMPORT C Tlnt RecoverDataPort() canst; 

Notifications and call information 

For a call, there are a few notifications that the system can give 
an application. The intent to receive these notifications can be 
registered or cancelled with the following functions: 

IMPORT_C void NotifyHookChange(TRequestStatus &aStatus, 
THookStatus &aHookStatus); 

IMPORT_C void NotifyHookChangeCancel() canst; 
IMPORT_C void NotifyStatuschange(TRequestStatus &aStatus, 

TStatus &aCallStatus); 
IMPORT_C void NotifyStatusChangeCancel() canst; 
IMPORT_C void NotifyCallDurationChange( 

TRequestStatus &aStatus, TTimeintervalSeconds &aTime); 
IMPORT_C void NotifyCallDurationChangeCancel() canst; 

There are three changes in status that can be signaled to an applica­
tion: the hook status, the call phase status, and the call duration. The 
hook status is the status of a call 's connection (on-hook/off-hook). 
Remember that the remote device or the switching network can 
terminate a call at any time without asking for permission or giving 
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prior warning The call phase status is representation of the state

of call as it passes through its life cycle idle dialing ringing

answering connecting connected or hanging up The call duration

is the time in seconds that the call has been active This is notified

to registrant every second useful to know as most calls carry

connect charge based on the duration of the call

Information about the duration of callthe time between

off-hook and on-hook status changescan be derived from the

following call

IMPORT TInt GetCallDuration
TTimelnterval5econds aTime const

Complete information about call inprogress can be obtained

through the Getlnfo function

IMPORT TInt GetlnfoTCallInfo aCalllnfo const

This function returns structure that depicts information about

the call

class TCallInfo

public
IMPORT TCallInfoO
TName iCallName
TName iLineName
THookStatus iHookStatus
TStatus iStatus
TTimelntervalSeconds ifluration

This can be derived at any time for an active call subsession

Call ownership

To avoid problems with multiple clients accessing the same call

Symbian OS designates specific client as the owner of call This

ownership is initially passed to the client that connected to phone
call first but it can be transferred to another client For example

one contact manager client may be responsible for
setting up data

call while another client is responsible for the actual data transfer

The transfer of call ownership is managed by the following

functions

IMPORT TInt TransferOwnership const
IMPORT void AcquireOwnership

TRequestStatus aStatus const
IMPORT void AcquireOwnershipCancel const
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prior warning. The cal I phase status is a representation of the state 
of a call as it passes through its "life cycle": idle, dialing, ringing, 
answering, connecting, connected, or hanging up. The call duration 
is the time, in seconds, that the call has been active. This is notified 
to a registrant every second (useful to know as most calls carry a 
connect charge based on the duration of the call). 

Information about the duration of a call-the time between 
off-hook and on-hook status changes-can be derived from the 
following call: • 

IMPORT C Tint GetCallDuration( 
TTimeintervalSeconds &aTime) const; 

Complete information about a call in. progress can be obtained 
through the Get Info () function: 

IMPORT_C Tint Getinfo(TCallinfo &aCallinfo) canst; 

This function returns a structure that depicts information about 
the call: 

class TCallinfo 

} ; 

public: 
IMPORT C TCallinfo(); 
TName iCallName; 
TName iLineName; 
THookStatus iHookStatus; 
TStatus iStatus; 
TTimeintervalSeconds iDuration; 

This can be derived at any time for an active call subsession. 

Call ownership 

To avoid problems with multiple clients accessing the same call, 
Symbian OS designates a specific client as the owner of a call. This 
ownership is initially passed to the client that connected to a phone 
call first, but it can be transferred to another client. For example, 
one contact manager client may be responsible for setting up a data 
call while another client is responsible for the actual data transfer. 

The transfer of call ownership is managed by the following 
functions: 

IMPORT C Tint TransferOwnership( ) const; 
IMPORT~C void AcquireOwnership( 

TRequestStatus &aStatus) const; 
IMPORT_C void AcquireOwnershipCancel() const; 
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The owner of call signals its desire to transfer the ownership

by calling TransferOwnership potential receiver of that

ownership transfer calls AcquireOwnership this call is asyn
chronous and blocks until the TransferOwnership function

is called Cancellation of the AcquireOwnership function is

done through AcquireOwnershipCancel
The ownership status of call can be retrieved by the following

function

IMPORT TInt GetOwnershipStatus
TOwnershipStatus aOwnershipStatus const

The call returns variable that is an enumeration specifying the

ownership

Terminating call

Call termination that is hanging up the phone is accomplished

through the functions below

IMPORT TInt Hangup const
IMPORT void HangtJpTRequestStatus aStatus const

These functions will terminate the call immediately The asyn
chronous function can be cancelled using the function below

IMPORT void HangtipCancel const

14.4 Special Case Phone Call Faxing

fax call is phone call with some special properties It is data

call with some structure faxing is done in page units Special

support for faxing is built into Symbian OS
Faxing is supported through the RFax class The definition of this

class is below

class RFax public RTelSubSessionBase

public
IMPORT RFax
IMPORT TInt OpenRCall aCall
IMPORT void Close

IMPORT void ReadTRequestStatus aStatusTDesS aDes
IMPORT void WriteTRequeststatus aStatus

const TDesCB afles
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The owner of a call signals its desire to transfer the ownership 
by calling TransferOwnership (). A potential receiver of that 
ownership transfer calls AcquireOwnership (); this call is asyn­
chronous and blocks until the TransferOwnership () function 
is called. Cancellation of the AcquireOwnership () function is 
done through AcquireOwnershipCancel (). 

The ownership status of a call can be retrieved by the following 
function: 

IMPORT_C Tint GetOwnershipStatus( 
TOwnershipStatus &aOwnershipStatus) const; 

The cal I returns a variable that is an enumeration specifying the 
ownership. 

Terminating a call 

Call termination, that is, "hanging up" the phone, is accomplished 
through the functions below: 

IMPORT C Tint HangUp() const; 
IMPORT C void HangUp(TRequestStatus &aStatus ) const; 

These functions will terminate the call immediately. The asyn­
chronous function can be cancelled using the function below: 

IMPORT_C void HangUpCancel() canst; 

14.4 A Special Case Phone Call: Faxing 

A fax tall is a phone call with some special properties. It is a data 
call with some structure (faxing is done in "page" units). Special 
support for faxing is built into Symbian OS. 

Faxing is supported through the RFax class. The definition of this 
class is below: 

class RFax public RTelSubSessionBase 

public: 
IMPORT C RFax(); 
IMPORT C Tint Open(RCall& aCall); 
IMPORT C void Close ( ) ; 

IMPORT C void Read(TRequestStatus &aStatus,TDes8 &aDes ) ; 
IMPORT C void Write (TRequestStatus &aStatus, 

canst TDesC8 &aDes); 



296 TELEPHONY

IMPORT void WaitForEndOfPage
TRequestStatus aStatus const

IMPORT TInt TerminateFaxSession const

IMPORT TInt GetProgress TProgress aProgress

fax subsession is based on call subsession The normal way
to handle this is to create call subsession and to connect using

this call either by initiating or answering call We would then

perform fax operation by using the established call object in the

RFax Open function This establishes the fax data protocol

with the remote side

Once the fax call is established faxes can be sent or received

using the Read and Write functions These functions take

image data and transfer that data using fax protocols These functions

are asynchronous
The end of received page can be retrieved through the

WaitForEndOf Page function Because this function is also

asynchronous the Read function can be used in parallel with

this function using different status variables to read data but

terminate images as the ends of pages arrive

The fax session can be terminated with the TerminateFax5es

sion function This function terminates the fax protocol but not

the call itself

Information about faxing can be manipulated in two ways First

the RFax class above has function to retrieve information about

fax in progress call to the GetProgress function will return

TProgress structure defined below

struct TProgress

TTime iLastljpdateTime

TBut20 iAnswerback
TFaxPhase iPhase
TFaxResolution iResolution

TFaxCompression iCotnpression
TInt iECM

TInt iPage
TInt iLines
TInt iSpeed

This structure gives all the information available about fax-in

progress
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IMPORT C void WaitForEndOfPage( 
TRequestStatus &aStatus) canst; 

IMPORT C Tint TerminateFaxSessian() canst; 

IMPORT C Tint GetProgress(TPragress &aPragress); 

A fax subsession is based on a call subsession. The normal way 
to handle this is to create a call subsession and to connect using 
this call (either by initiating or answering a call). We would then 
perform a fax operation by using the established call object in the 
RFax: : Open () function. This establishes the fax data protocol 
with the remote side. 

Once the fax call is established, faxes can be sent or received 
using the Read () and Write () functions. These functions take 
image data and transfer that data using fax protocols. These functions 
are asynchronous. 

The end of a received page can be retrieved through the 
Wai tForEndOf Page () function. Because this function is also 
asynchronous, the Read () function can be used in parallel with 
this function (using different status variables) to read data but 
terminate images as the ends of pages arrive. 

The fax session can be terminated with the TerrninateFaxSes­

sion () function. This function terminates the fax protocol but not 
the call itself. 

Information about faxing can be manipulated in two ways. First, 
the RFax class above has a function to retrieve information about a 
fax in progress. A call to the GetProgress () function will return 
a TProgress structure, defined below: 

struct TProgress 
{ 

} ; 

TTime iLastUpdateTime; 
TBuf <2 O > iAnswerback ;. 
TFaxPhase iPhase; 
TFaxResalutian iResalution; 
TFaxcampression icompressian; 
Tint iECM; 

Tint iPage; 
Tint iLines; 
Tint iSpeed; 

This structure gives all the information available about a fax-in­
progress .. 
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Fax
settings are retrieved and set through the RCa11 class The

two functions below work with these

IMPORT TInt GetFaxSettings
TFaxSessionsettings aSettings const

IMPORT TInt SetFaxSettings
const TFaxSessionSettings aSettingS const

These functions get and set the settings that govern fax calls the

fax protocol class the speed of the transfer the resolution and

compression settings and so forth

14.5 Summary

In this chapter we have taken look at how Symbian OS supports

telephony Symbian OS views telephony in terms of four compo
nents telephony server phone phone lines defined for phone
and finally call made over phone line We reviewed how to set

up the structure so that we can use phone calls and we looked at

making and answering calls We defined how applications can be

notified when changes in the phone system and settings are made

and we reviewed faxing as special case of phone call

The next chapter will focus on very important part of Symbian
OS messaging Messages are at the heart of communication and

Symbian 05 has built large yet flexible infrastructure around them

We will look at this infrastructure next
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Fax settings are retrieved and set through the RCall class. The 
two functions below work with these: 

IMPORT_C Tint GetFaxSettings( 
TFaxSessianSettings &aSettings) canst; 

IMPORT_C Tint SetFaxSettings( 
canst TFaxSessianSettings &aSettings) canst ; 

These functions get and set the settings that govern fax calls: the 
fax protocol class, the speed of the transfer, the resolution and 
compression settings, and so forth. 

14.5 Summary 

In this chapter, we have taken a look at how Symbia·n OS supports 
telephony. Symbian OS views telephony in terms of four compo­
nents: a telephony server, a phone, phone lines defined for a phone, 
and finally a call made over a phone line. We reviewed how to set 
up the structure so that we can use phone calls, and we looked at 
making and answering calls. We defined how applications can be 
notified when changes in the phone system and settings are made 
and we reviewed faxing as a special case of a phone call. 

The next chapter will focus on a very important part of Symbian 
OS: messaging. Messages are at the heart of communication, and 
Symbian OS has built a large yet flexible infrastructure around them. 
We will look at this infrastructure next. 
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Sending and Receiving Messages

In everyday life messages can take many forms There are verbal

and non-verbal messages messages are written on paper and heard

via audio devices messages can be notes passed in secret or signs

on billboard Delivery of messages can sometimes be chancy

thing if you have ever had to rely on family member to deliver

telephone message you know what mean Even with this wide

assortment of message types and delivery functions humans are

able to send and receive these messages fairly easily We have in

fact developed an internal system that processes different message

types using the same processes implemented by tool specialized

to each message
As we have seen electronic messaging is also very diverse area

There are many message types and delivery takes many different

forms e.g delivering email over PPP network connection is very

different than sending an SMS message to mobile phone So

it should come as no surprise that designing single framework

that will characterize and work with all message forms is quite

challenge The designers of Symbian OS took on this challenge with

EPOC Release and its email system and sharpened their skills

through subsequent Symbian OS releases In the current release

of the OS they have built messaging system that can not only

handle several disparate message types but can accommodate future

messaging needs as well

This chapter overviews the message framework of Symbian OS
We start with an overviewa survey of messaging components

and requirements We then begin looking at the message system

API by examining the message server that manages the message

store resource We will then examine the classes that characterize

messages themselves We follow this by looking at send-as mes

saging which forms the heart of the ability to send messages and

watchers the functionality for receiving messages We will wrap

15 
Sending and Receiving Messages 

In everyday life, messages can take many forms. There are verbal 
and non-verbal messages; messages are written on paper and heard 
via audio devices; messages can be notes passed in secret or signs 
on a billboard. Delivery of messages can sometimes be a chancy 
thing: if you have ever had to rely on a family member to deliver 
a telephone message, you know what I mean! Even with this wide 
assortment of message types and delivery functions, humans are 
able to send and receive these messages fairly easily. We have, in 
fact, developed an internal system that processes different message 
types using the same processes, implemented by a tool specialized 
to each message. 

As we have seen, electronic messaging is also a very diverse area. 
There are many message types and delivery takes many different 
forms (e.g., delivering email over a PPP network connection is very 
different than sending an SMS message to a mobile phone). So 
it should come as no surprise that designing a single framework 
that will characterize and work with all message forms is quite a 
challenge. The designers of Symbian OS took on this challenge with 
EPOC Release 5 and its email system and sharpened their skills 
through subsequent Symbian OS releases. In the current release 
of the OS, they have built a messaging system that can not only 
handle several disparate message types but can accommodate future 
messaging needs as wel I. 

This chapter overviews the message framework of Symbian OS. 
We start with an overview-a survey of messaging components 
and requirements. We then begin looking at the message system 
API by examining the message server that manages the message 
store resource. We will then examine the classes that characterize 
messages themselves. We follow this by looking at " send-as mes­
saging", which forms the heart of the ability to send messages, and • 
"watchers", the functionality for receiving messages. We will wrap 
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up the chapter by looking at four specific message types and how

the messaging system deals with them

15.1 Overview of the Architecture

Lets start by stepping back for moment and taking an overview

of how Symbian OS views messaging As they built the messaging

system the designers were guided by the need to put together

generic framework that could handle the components of many
different message types They built framework that viewed all

messages as composed of generic components Through the use

of object orientation each message type is handled by separate

implementation of those generic components Symbian OS message
architecture brings these implementations together under common

messaging application and common API

As we look at messages and their components it is important

to note where these messages come from All Symbian OS devices

have central message store This store contains all messages
received by and created on the device on which it resides and has

specialized hierarchical format as we will explain later in this

chapter It can reside on any storage accessible to Symbian OS
device message applications can change where this store resides

Originally it resides on the drive of the emulator device

Now lets look at the messaging framework by pulling apart

message and then building the framework from its component parts

15.1.1 Dissecting Message

Back in Chapter we looked at messages as having several com
mon characteristics Figure 15.1 depicts these characteristics and

adds few more Messages are composed of delivery information

and content and are generally characterized by message types

Message

delivery type
information

editing transport

sender timestamp methods
viewing

destination methods
ace uaLa

content

properties text attachments

Figure 15.1 Message characteristics
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up the chapter by looking at four specific message types and how 
the messaging system deals with them. 

Overview of the Architecture 

Let's start by stepping back for a moment and taking an overview 
of how Symbian OS views messaging. As they built the messaging 
system, the designers were guided by the need to put together 
a generic framework that could handle the components of many 
different message types. They built a framework that viewed all 
messages as composed of generic components. Through the use 
of object orientation, each message type is handled by a separate 
implementation of those generic components. Symbian OS message 
architecture brings these implementations together under a common 
messaging application and a common API. 

As we look at messages and their components, it is important 
to note where these messages come from. All Symbian OS devices 
have a central message store. This store contains all messages 
received by and created on the device on which it resides and has 
a specialized, hierarchical format (as we will explain later in this 
chapter). It can reside on any storage accessible to a Symbian OS 
device; message applications can change where this store resides. 
Originally, it resides on the C: drive of the emulator device. 

Now let's look at the messaging framework by pulling apart a 
message and then bui I ding the framework from its component parts. 

15.1.1 Dissecting a Message 
Back in Chapter 51 we looked at messages as having several com­
mon characteristics. Figure 15.1 depicts these characteristics and 
adds a few more. Messages are composed of delivery information 
and content and are generally characterized by message types. 

delivery 
information 

A Message 

---------- ------------- type 

sen:a; I ~stamp 
editi~ I ~nsport 

methods . . ~ 
viewing Interface data destination methods 

content 

/ I~ 
properties text attachments 

~!gure 15.1 Message characteristics. 
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Delivery information is composed of sender information

destination information and timestamp information We reviewed

these components back in Chapter and gave several examples
Email messages for example contain all this information textually

in the header of message Sender information is contained in the

Received and From fields destination information is kept in the

To field timestamp information is found in the Date field

Content has three parts properties message content and possibly

set of data objects or attachments An email message can again

serve as straightforward example There are pieces of message
header that specify certain properties of the message the Content

Type and Content-Length fields for example indicate the

MIME properties and the length of the body The message itself is

contained in the body of an email message as text In email data

objects can also appear in the message body as MIME attachments

Each message also has message type The type of message
is the definition of larger class of messages that describes general

characteristics of that class message type cannot describe the

specific contents of message but it can describe properties of the

message class These properties include

The editing function This property is description of how to

edit message of particular message type On Symbian OS

device this description takes the form of an implementation
of message editor application

The viewing function This property describes how to view

message of particular message type Again in Symbian OS
this description is actually an implementation of message
viewer application

User interface data There can be certain data associated with

user interfaces that deal with certain message type These data

include items like icons and progress dialog interfaces to display

for the message type

The transport function Messages of certain type are transported

in the same way to and from their destinations or repositories

The implementation of this transport is associated with the

message type and not each individual message

Lets look at email messages again All messages that are of the

email class of messages might be viewed the same way in

Symbian OSthrough an email viewer that can present the textual

message with tools to view header information as well as any
attachments to the email There is common composition editing
interface that you can use to compose new messages or edit draft
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Delivery information is composed of sender information, 
destination information, and timestamp information. We reviewed 
these components back in Chapter 5 and gave several examples. 
Email messages, for example, contain all this information textually 
in the header of a message. Sender information is contained in the 
Received: and From: fields; destination information is kept in the 
To: field; timestamp information is found in the Date: field. 

Content has three parts: properties, message content and possibly 
a set of data objects or attachments. An email message can again 
serve as a straightforward example. There are pieces of message 
header that specify certain properties of the message; the Content­
Type: and Content-Length: fields, for example, indicate the 
MIME properties and the length of the body. The message itself is 
contained in the body of an email message as text. In email, data 
objects can also appear in the message body as MIME attachments. 

Each message also has a message type. The type of a message 
is the definition of a larger class of messages that describes general 
characteristics of that class. A message type cannot describe the 
specific contents of a message, but it can describe properties of the 
message class. These properties include: 

• The editing function: This property is a description of how to 
edit a message of a particular message type. On a Symbian OS 
device, this "description" takes the form of an implementation 
of a message editor application. 

• The viewing function: This property describes. how to view a 
message of a particular message type. Again, in Symbian OS, 
this "description" is actually an implementation of a message 
viewer application. 

• User interface data: There can be certain data associated with 
user interfaces that deal with a certain message type. These data 
include items like icons and progress dialog interfaces to display 
for the message type. 

• The transport function: Messages of a certain type are transported 
in the same way to and from their destinations or repositories. 
The implementation of this transport is associated with the 
message type and not each individual message. 

Let's look at email messages again. All messages that are of the 
"email" class of messages might be viewed the same way in 
Symbian OS-through an email viewer that can present the textual 
message with tools to view header information as well as any 
attachments to the email. There is a common composition (editing) 
interface that you can use to compose new messages or edit draft 
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messages There is set of user interface definitionssome icons for

email applications to display for examplethat can be accessed

Finally email is transported to server via SMTP and from server

via POP3 or IMAP4 Since there are three transport functions one

could argue that there are actually three message types for email

Indeed Symbian OS views it this way as well
Now if we expand our view to other types of messages we can

see that the framework established for Symbian OS will work for any

type of message we have encountered Fax SMS and BlO messages
all have this format albeit with different implementations for each

component For that matter BTIM messages from Chapter 13 could

fit right into this framework butwould require new implementations

for API components

BTIM Messages in Symbian OS Message Structure

Consider BTIM messages from Chapter These are simple text

messages that shuttle back and forth between devices over Blue-

tooth This type of messaging is prime target for incorporation

into the Symhian OS messaging framework

Consider how this might work Instead ol separate appli

cation we would integrate B.TIM messaging into the existing

framework and work with BuM messages using the messaging

application on Symbian OS device

Consider what this would look like How would this look in

the application What viewer or editor might be necessary What

interface information would you need What delivery information

might be required As we move toward designing our own BuM
components we need to answer these basic questions

15.1 .2 Putting the Pieces Together MTMs

Symbian OS uses message type modules MTMs to define message

types An MTM is composed of four classes that are used as base

classes for specific message handling implementations These four

classes are as follows

The user interface MTM is defined as the CBaseMtrnUi class and

defines user interface capabilities such as viewing and editing

messages

The client-side MTM is defined as the CBaseNtm class and

handles the interface between the internal representation of

messages data and the user interface MTM
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messages. There is a set of user interface definitions-some icons for 
email applications to display, for example-that can be accessed. 
Finally, email is transported to a server via SMTP and from a server 
via POP3 or IMAP4. (Since there are three transport functions, one 
could argue that there are actually three message types for email. 
Indeed, Symbian OS views it this way as well.) 

Now if we expand our view to other types of messages, we can 
see that the framework established for Symbian OS will work for any 
type of message we have encountered. Fax, SMS, and BIO messages 
all have this format, albeit with different implementations for each 
component. For that matter, BTIM messages from Chapter 13 could 
fit right into this framework but would require new implementations 
for API components. 

15.1.2 Putting the Pieces Together: MTMs 

Symbian OS uses message type modules (MTMs) to define message 
types. An MTM is composed of four classes that are used as base 
classes for specific message handling implementations. These four 
classes are as fol lows: 

• The user interface MTM is defined as the CBaseMtmUi class and 
defines user interface capabilities, such as viewing and editing 
messages. 

• The client-side MTM is defined as the CBaseMtm class and 
handles the interface between the interna l representation of a 
message's data and the user interface MTM. 
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The user interface data MTM is represented by the CBaseMtmUi

Data class and provides access to user interface data properties

e.g icons

The server-side MTM is defined in the CBaseServerMtm class

and provides message transport capability

Each message type then has an implementation of each of these

MTMs subclassing their definitions from the classes above Some

message types can share MTMs IMAP email and POP email for

example can share the same user interface MTM while having

different server-side and client-side MTMs

15.1.3 Some Perspective on this Architecture

This way of modeling messages is powerful and very effective

Through various MTM implementations Symbian OS supports its

four main message formats email SMS fax and BlO formats as

well as several formats that work behind the scenes to implement
other protocols

It is interesting to examine the disparity between the various

forms of messaging under the MTM framework Fax messaging
for instance is vastly different from SMS messaging yet both fit

comfortably in this model Although faxing has different delivery

requirements than SMS and must be viewed as an image where

SMS can be viewed as text both can still be integrated with the

same messaging application on Symbian OS device

The large number of different forms of messaging results in large

number of MTM implementations Any messaging application must

be able to sift through these implementations to find the necessary

MTMs as quickly as possible Symbian OS helps in this endeavour

by providing registry of installed MTMs that are accessible to an

application This registry allows MTM components to be identified

and instantiated quickly and easily

Now consider this structure from programmers perspective

Imagine you are programmer who wants to implement the sending

of an SMS message as small part of larger application It would

be quite daunting for you to use the MTM framework in all its

glory to send simple SMS message In fact you might just

reject the idea as not worth the time and effort The designers of

the MTM model understood that complicated structure might
frustrate programmers who want to do simpler tasks so they added

something to the architecture called send-as messaging Send-as

messaging provides simple interface that allows applications to

create outgoing messages by using single API By using send-as
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• The user interface data MTM is represented by the CBaseMtmUi -

Data class and provides access to user interface data properties 
(e.g., icons). 

• .The server-side MTM is defined in the CBaseServerMtm class 
and provides message transport capability. 

Each message type, then, has an implementation of each of these 
MTMs, subclassing their definitions from the classes above. Some 
message types can share MTMs; IMAP email and POP email, for 
example, can share the same user interface MTM, while having 
different server-side and client-side MTMs. 

15.1.3 Some Perspective on this Architecture 

This way of modeling messages is powerful and very effective. 
Through various MTM implementations, Symbian OS supports its 
four main message formats (email, SMS, fax, and BIO formats) as 
well as several formats that work behind the scenes to implement 
other protocols. 

It is interesting to examine the disparity between the various 
forms of messaging under the MTM framework. Fax messaging, 
for instance, is vastly different from SMS messaging, yet both fit 
comfortably in this model. Although faxing has different delivery 
requirements than SMS and must be viewed as an image, where 
SMS can be viewed as text, both can still be integrated with the 
same messaging application on a Symbian OS device. 

The large number of different forms of messaging results in a large 
number of MTM implementations. Any messaging application must 
be able to sift through these implementations to find the necessary 
MTMs as quickly as possible. Symbian OS helps in this endeavour 
by providing a registry of installed MTMs that are accessible to an 
application. This registry allows MTM components to be identified 
and instantiated quickly and easily. 

Now consider this structure from a programmer's perspective. 
Imagine you are a programmer who wants to implement the sending 
of an SMS message as a small part of a larger application. It would 
be quite daunting for you to use the MTM framework in all its 
glory to send a "simple" SMS message. In fact, you might just 
reject the idea as not worth the time and effort. The designers of 
the MTM model understood that a complicated structure might 
frustrate programmers who want to do simpler tasks, so they added 
something to the architecture called send-as messaging. Send-as 
messaging provides a simple interface that allows applications to 
create outgoing messages by using a single API. By using send-as 
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messaging programmer uses one interface for any message and

simply informs the OS what type of message to send the OS

implementation will figure out which MTMs to use and how to send

the message This is powerful idea and it reinforces the modularity

of the MTM structure It has proven to be an easy and effective

interface It is so effective in fact that many applications use it to

transport data other than traditional messages The Agenda engine
for example uses send-as messaging to send vCalendar objects over

the IR interface

Interesting MTM Implementations

Using the Find function in your Windows Start button look

for file names that include MTM in your installation of Sym
bian OS SDK You will find several that might look familiar

but you will also find some that do not For example there is

an MTM module implemented as DLL called WAPPUSHMTM
CLIENTSERVER .DLL This is an implementation for messages
that would show up in the messaging applications that include

WAP formatted content

Look for other messaging types that do not look familiar and

onsicler what they might be used for

15.2 The Message Server

15.2.1 Message Server Functionality

Symbian OS considers the data repository for messages as resource

that can be shared between processes Therefore following Symbian
OS standards there is server that protects this repository and

manages access to it The message server implements two valuable

functions

Access to the message data repository As clients request mes

sage access the message server delegates temporary exclusive

access to message data The message server must keep the

message data repository correctly ordered and must cope with

anomalous message events correctly For example access fail

ures or incomplete sessions must not corrupt the message
data

Access to MTMs The message server must enable applications to

identify requests such as the sending of message that require

protocol-specific functionality and load the appropriate MTM
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messaging, a programmer uses one interface for any message and 
simply informs the OS what type of message to send; the OS 
implementation will figure out which MTMs to use and how to send 
the message. This is a powerful idea and it reinforces the modularity 
of the MTM structure. It has proven to be an easy and effective 
interface. It is so effective, in fact, that many applications use it to 
transport data other than traditional messages. The Agenda engine, 
for example, uses send-as messaging to send vCalendar objects over 
the IR interface. 

15 .2 The Message Server 

15.2.1 Message Server Functionality 

Symbian OS considers the data repository for messages as a resource 
that can be shared between processes. Therefore, following Symbian 
OS standards, there is a server that protects this repository and 
manages access to it. The message server implements two valuable 
functions: 

• Access to the message data repository: As clients request mes­
sage access, the message server delegates temporary, exclusive 
access to message data. The message server must keep the 
message data repository correctly ordered and must cope with 
anomalous message events correctly. For example, access fail­
ures or incomplete sessions must not corrupt the message 
data. 

• Access to MTMs: The message server must enable applications to 
identify requests, such as the sending of a message, that require 
protocol_-specific functionality and load the appropriate MTM. 
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The message server accepts requests from client applications that

require access to messages and MTMs These requests are handled

asynchronously as they might require large amount of time to

perform fax messages for example typically take much more time

to process than email messages Requests can include changing
the structure or contents of the local folders sending and receiving

messages through different services changing the structure or con
tents of remote mailboxes and MTM-specific requests Note that

actions such as delivery and storage concepts such as local folders

and remote mailboxes are all managed by the message server

15.2.2 Storage and Message Structure

The Symbian OS message store has specific structure shown in

Table 15.1 The diagram in Figure 15.2 shows an overview of this

structure Messages are stored in folders which are accessed as

children of services service can be viewed as message source
an ISP is service as is local on-device storage Folders can be

user-defined or system-defined for example in and out boxes are

defined by the system and are applicable under the local storage

service Folders can have subfolders which can have subfolders

etc This hierarchical organization of the storage structure means

that access to messages requires walk through the storage tree

before access is granted to message

The Root

Service Service Service

folders rs rs
more folders

Figure 15.2 Message storage structure

Messages themselves also have structure This structure is

shown in the table below
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The message server accepts requests from client applications that 
require access to messages and MTMs. These requests are handled 
asynchronously, as they might require a large amount of time to 
perform (fax messages, for example, typically take much more time 
to process than email messages). Requests can include changing 
the structure or contents of the local folders, sending and receiving 
messages through different services, changing the structure or con­
tents of remote mailboxes, and MTM-specific requests. Note that 
actions such as delivery and storage concepts such as local folders 
and remote mailboxes are all managed by the message server. 

15.2.2 Storage and Message Structure 

The Symbian OS message store has a specific structure shown in 
Table 15.1. The diagram in Figure 15.2 shows an overview of this 
structure. Messages are stored in folders, which are accessed as 
children of services. A service can be viewed as a message source; 
an ISP is a service, as is local, on-device storage. Folders can be 
user-defined or system-defined; for example, in and out boxes are 
defined by the system and are applicable under the local storage 
service. Folders can have subfolders, which can have subfolders, 
etc. This hierarchical organization of the storage structure means 
that access to messages requires a walk through the storage tree 
before access is granted to a message. 

The Root 

Service Service 

more folders 

Figure 15.2 Message storage structure. 

Messages themselves also have a structure. This structure is 
shown in the table below. 



306 SENDING AND RECEIVING MESSAGES

Table 15.1 Message structure

Message component Type of data

Generic message header Message index entry data

MTM-specific information MTM-stream data

Message body Rich text data in message store

Attachments Attachment files stored in the messages store

Message index entries have specific format That format is quite

large and will not reproduce it here Suffice it to say that both

delivery and content header information is stored here and that

this information varies for different MTMs The MTM-stream date

is specifically formatted for the type of MTM that is used for the

message Obviously this information also varies for the MTMs
The message body is rich text object from the CRichText

class that contains text as well as formatting information Details

about attachments are found in the message headerthe index

portionbut the data files are stored in their own format in the

message store after the message body

15.3 Accessing Messages

To access messages we must create and manipulate several objects

First we must create session with the message server Next we

must initialize contact with the message system registry in such

way that we can create MTMs later to handle messages Finally we

access the message system by walking through the message structure

tree we first access the system root then find the messages service

then the messages folder and possibly subfolders and then we

finally access message

15.3.1 Creating Session with the Message Server

session with the message server is encapsulated in an object

from the CMsvsesson class The class is large so we will dissect

slowly As first step lets examine the functions that open session

with the server

Static CMsvSession OpentyncL
MMsvSessionObserver aObserver

static CMsvSession OpenAsyncL
MMsvScssioncbserver aObserver

The first function opens session synchronously i.e when the func

tion call returns the session has been started and is valid The second
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Table 15.1 Message structure 

Message component 

Generic message header 
MTM-specific information 
Message body 
Attachments 

Type of data 

Message index entry data 
MTM-stream data 
Rich text data in message store. 
Attachment files stored in the message's store 

Message index entries have a specific format. That format is quite 
large, and I will not reproduce it here. Suffice it to say that both 
delivery and content header information is stored here and that 
this information varies for different MTMs. The MTM-stream date 
is specifically formaJted for the type of MTM that is used for the 
message. Obviously, this information also varies for the MTMs. 
The message body is a rich text object (from the CRichText 

class) that contains text as well as formatting information. Details 
about attachments are found in the message header-the index 
portion-but the data files are stored in their own format in the 
message store after the message body. 

15.3 Accessing Messages 

To access messages, we must create and manipulate several objects. 
First, we must create a session with the message server. Next, we 
must initialize contact with the message system registry in such a 
way that we can create MTMs later to handle messages. Finally, we 
access the message system by walking through the message structure 
tree: we first access the system root, then find the message's service, 
then the message's folder (and possibly subfolders), and then we 
finally access a message. 

15.3.1 Creating a Session with the Message Server 

A session with the message server is encapsulated in an object 
from the CMsvSession class. The class is large, so we will dissect 
slowly. As a first step, let' s examine the functions that open a session 
with the server: 

s t a tic CMsvSessi on* OpenSyn cL( 
MMsvSessi on Observer &aObserve r); 

static CMsvSessi on* Ope nAs yncL( 

MMsv Sess i onOb server &a Observer); 

The first function opens a session synchronously, i.e., when the func­
tion call returns, the session has been started and is valid. The second 
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function opens session asynchronously When the session is valid

the caller is informed through the MMsvSessonObserver object
Notice that both functions require an observer object derived from

the NMsvSessionobserver class This class is base class and

using it mandates that you create subclass that uses this one as

its foundation Specifically the subclass must implement the single

function in this class

void HandleSessionEventL TMsvSessionEvent aEvent

TAny aArgl TPny aArg2 TAny aArg3

This function will be called as events happen in the session that was

created The TMsvSessionEvent argument contains the event

that caused the function call and the TAny arguments contain any
data that will be used with the event to provide more information

We will deal with this observer functionality later in this chapter

15.3.2 Opening the Registry

The next step is to open the
registry so that we can obtain MTM

objects when we need them There are three kinds of access into

the registry one to access client-side MTMs one to access user

interface MTMs and one to access user interface data MTMs Each

access is implemented by its own class CC1entMtmRegistry
CMtmlJiRegistry and CMtmtJiDataRegistry classes respec

tively They are derived from the same base classes and have similar

definitions

No Seiver-ide MTM Mess
AccessIng the regMry does not ghte ws cs io etver-side

MTts4 us ourarng nctnai1y is encapsulafec by
nd-as messaic aress tr a-slde MTM is tthneled

thrch thi system will see this later

Lets look at the cc1entMtmRegistry class as representative

It has the following definition

class CclientMtmRegistry public CobserverRegistry

public
IMPORT static CClientMtmRegistry NewL

CMsvSession aMsvSession TTimelntervalMicroSeconds32

aTimeoutMicroseconds32TTimclntervalMicroSeconds3230000000

IMPORT -CClientMtrnRegistry
IMPORT CBaseMtm RewMtmL TOld aNtmTypeTJid

//
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function opens a session asynchronously. When the session is valid, 
the caller is informed through the MMsvSessionObserver object. 
Notice that both functions require an observer object derived from 
the MMsvSessionObserver class. This class is a base class and 
using it mandates that you create a subclass that uses this one as 
its foundation. Specifically, the subclass must implement the single 
function in this class: 

void HandleSessionEventL(TMsvSessionEvent aEvent, 
TAny* aArgl, TAny* aArg2, TAny* aArg3); 

This function will be called as events happen in the session that was 
created. The TMsvSessionEvent argument contains the event 
that caused the function call, and the TAny arguments contain any 
data that will be used with the event to provide more information. 
We will deal with this observer functionality later in this chapter. 

15.3.2 Opening the Registry 
The next step is to open the registry so that we can obtain MTM 
objects when we need them. There are three kinds of access into 
the registry: one to access client-side MTMs, one to access user 
interface MTMs, and one to access user interface data MTMs. Each 
access is implemented by its own class: CClientMtmRegistry, 

CMtmUiRegistry, and CMtmUiDataRegistry classes, respec­
tively. They are derived from the same base classes and have similar 
definitions. 

Let's look at the CClientMtmRegistry class as a representative. 
It has the following definition: 

class CClientMtmRegistry: public CObserverRegistry 
{ 
public: 

IMPORT_C static CClientMtmRegistry* NewL ( 
CMsvSession &aMsvSession, TTimeintervalMicroSeconds32 
aTimeoutMicroSeconds32~TTimeintervalMicroSeconds3 2 (30000000) ) ; 

IMPORT_ C -CClientMtmRegistry(); 
IMPORT_C CBaseMtrn* NewMtmL(TUid aMtmTypeUid) ; 

II 
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There is function to create new instance function to destroy

an instance and function to create new MTM handle The

NewL function takes an active message server session object

and an optional timeout parameter without this parameter the call

times out in 30 seconds The NewMtmL function takes the UID

of the type of MTM we will need Each MTM has UID as shown

in Table 15.2

Table 15.2 MTM UIDs for Symbian OS version 6.1

MTM Type UID Value Constant Name

Text 0x1 0005247 KtJidMsgTypeText

SMTP 0x10001028 KUidMsgTypeSMTP
POP3 0x10001029 KUidMsgTypePOP3
IMAP4 Oxl000lO2A KUidMsgTypeIMAP4
Fax Oxl000lO2B KuidNsgTypeFax
SMS Oxl000lO2C KUidMsgTypeSMS

Other MTM Reisftie

Ynu cart fiiid O1t but the Dtlitet MTM rerntry tterfaes by

browsing their dethtIon Th C1ienM ty
defirted in the itttc1re fIe the QlLtuttiRegiery das
found in the mtuie .h me artd the

ri the $rejj .1i i1e Tb cMfubôn

are fourtd itt the \8ynibian\i\i r\poo
dlectctry

To make an instance of registry class and create an MTM handle

for later use we could use the code below

CClientt4tmRegistry ClientMTMRegstry
CBaseMtm ClientMtm

ClientMTMRegistry CClientMtmRegistry NewL
MsgSvression

ClientMtm ClientMTMRegistry -NewMtmL KuidNsgTypeText

Notice that we had to give message server session object already
established in the MsgsvrSess ion variable and the type of mes

sage for which we will need the MTM In the example above we

are intending to use client-side MTMs for text messages

15.3.3 Accessing the Message Tree

Once we have established valid message server session and we

have access to the registry we can access the message tree structure
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There is a function to create a new instance, a function to destroy 
an instance, and a function to create a new MTM handle. The 
NewL () function takes an active message server session object 
and an optional timeout parameter (without this parameter, the call 
times out in 30 seconds). The NewMtmL () function takes the UID 
of the type of MTM we will need. Each MTM has a UID, as shown 
in Table 15.2: 

Table 15.2 MTM UIDs for Symbian OS version 6.1 

MTM Type UID Value Constant Name 

Text 0x10005247 KUidMsgTypeText 

SMTP 0x10001028 KUidMsgTypeSMTP 

POP3 0x10001029 KUidMsgTypePOP3 

IMAP4 0xl 000102A KUidMsgTypeIMAP4 
• Fax 0x1000102B KUidMs~TypeFax 

SMS 0x1000102C KUidMsgTypeSMS 

To make an instance of a registry class and create an MTM handle 
for later use, we could use the code below: 

CClie ntMtrnRegistry ClientMTMRegistry; 
CBaseMtrn* ClientMtrn; 

ClientMTMRegistry = CCl ientMtrnRegistr y::NewL( 
MsgSvrSess ion) ; 

ClientMtrn = ClientMTMRegistry ->NewMtrnL(KUidMsgTypeText); 

Notice that we had to give a message server session object (already 
established in the MsgSvrSession variable) and the type of mes­
sage for which we will need the MTM. In the example above, we 
are intending to use client-side MTMs for text messages. 

15.3.3 Accessing the Message Tree 
Once we have established a valid message server session and we 
have access to the registry, we can access the message tree structure. 
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Entries in this tree structure are represented by the CMsvEntry
class All types of entries from root entries through to messages
themselves are represented by this class Entries are retrieved from

the message tree by using functions from the CMsvSession class

Two functions from that class are relevant here

inline CMsvEntry GetEntryLTMSVId aEntld
inline TInt GetEntryTMsvId aId TMsvId aSarvice

TMsvEntry aEntry

The GetEntryL function looks up message tree entry by the

entrys ID In the first version of the function the call returns pointer

to CMsvEntry class object that represents the message being

retrieved In the second version of the function other information

is returned the service of which the entry is child and the header

information the index entry TMsvEntry object of the entry we

are retrieving The entry ID of the root of the message tree is given

by the constant KMsvRootlndexEntryld
Lets stop for moment and look at the characteristics of an entry

in the message tree as represented by the CMsvEntry class An

entry includes the following properties

an entry ID an object of the TMsvId class retrieved by the

CMsvEntry Entryld function

the header information what we earlier referred to as entry index

information obtained via the CMsvEntry Entry function

an owning service i.e the parent of an entry retrieved by
the CMsvEntry OwningService function which returns

an entry ID

certain number of children for the root and inner tree

nodes accessed by number of functions e.g CNsvEn

try Children and ClYlsvEntry Count functions

file storage determined by the Boolean CMsvEntry Has
DirectoryL and CMsvEntry HasStoreL functions

and retrieved by the CMsvEntry GetFlePath function

an MTM list set mostly by the system as entries are created

Consider an example Lets say we need function that would look

up node and walk through each of its children Consider the

following code

void MessageExample EntrywalkTInt aEntryld

TInt

TInt iCount
CMsvSession iMessegeSession
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Entries in this tree structure are represented by the CMsvEntry 

class. Al I types of entries, from root entries through to messages 
themselves, are represented by this class. Entries are retrieved from 
the message tree by using functions from the CMsvSession class. 
Two functions from that class are relevant here: 

inline CMsvEntry* GetEntryL(TMsvid aEntid); 
inline Tint GetEntry(TMsvid aid, TMsvid &aService, 

TMsvEntry &aEntry); 

The GetEntryL () function looks up a message tree entry by the 
entry's ID. In the first version of the function, the call returns a pointer 
to a CMsvEntry class object that represents the message being 
retrieved. In the second version of the function, other information 
is returned: the service of which the entry is a child and the header 
information (the index entry, a TMsvEntry object) of the entry we 
are retrieving. The entry ID of the root of the message tree is given 
by the constant KMsvRootindexEntryid. 

Let's stop for a moment and look at the characteristics of an entry 
in the message tree as represented by the CMsvEntry class. An 
entry includes the following properties: 

• an entry ID, an object of the TMsvid class, retrieved by the 
CMsvEntry: : Entryid () function 

• the header information, what we earlier referred to as entry index 
information, obtained via the CMsvEntry: : Entry () function 

• an 11owning service", i.e., the parent of an entry, retrieved by 
the CMsvEntry: : OwningService () function, which returns 
an entry ID 

• a certain number of children (for the root and inner tree 
nodes), accessed by a number of functions, e.g., CMsvEn ­

try : : Children () and CMsvEntry: : Count ( ) functions 

• file storage, determined by the Boolean CMsvEntry: : Has ­

DirectoryL () and CMsvEntry: : HasStoreL () functions 
and retrieved by the CMsvEntry: : GetFilePath () function 

• an MTM list, set mostly by the system as entries are created 

Consider an example. Let's say we need a function that would look 
up a node and walk through each of its children. Consider the 
following code: 

void MessageExample: :EntryWalk (Tint aEntryid) 
{ 

Tint i; 
Tint iCount ; 
CMsvSession *iMessa g e Sess i on; 
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CMsvEntrySelection iChildren

CMsvEntry iRootEntry
CMsvEntry child

// Open session with the message server

iMessagesession CMsvSession OpenSynCLthis
iRootEntry iMessage9essionGetEntryL aEntryld
iCount iRootEntry-CountC

// Get the root of the hierarchy
iChildren iRootEntry-ChildrenL
for iQ iiCount

child iMessageSession-GetEntryL iChildren

// do something with the child

In this code we open session to the message server get the node

entry referenced by the aEntryld parameter find its children and

then loop through fetches of each child If we wanted to look at

each service that the message server manages we could call this

function with the entry ID of the root of the message tree Kmsv
RootlndexEntryld Since services are direct children of the

message tree root this would access each service We could repeat

the process perhaps recursively to eventually reach each message
As another example if we wanted to look at each message in the

message tree inbox for the local message store we would call this

function with the entry ID of KMsvGloballnBoxlndexEntryld
which is defined as the inbox ID constant

Notice in the above code that the children of an entry are

retrieved into CMsvEntrySeLection class This class is defined

as an array of entry IDs

15.3A Viewing and Editing Messages

Once we have message entry as CMsvEntry object that we

want to manipulate we need to get its interface MTM to view it or

edit it We can follow this sequence to obtain and use this MTM

Obtain the header information from the entry This will be in the

form of TMsvEntry object

Use the data from the header information to discover the MTM
type that handles the entry For example the UID of the MTM
can be found as the TMsvEntry iMtm variable of this object

Request instances of the client-side MTM and user interface

MTM objects from the registry
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CMsvEntrySelection* i Children; 
CMsvEntry* iRootEntry; 
CMsvEntry *child; 

// Open a sess ion with the message server 
iMessageSess i on = CMsvSession: :Open Syn c L(*this ) ; 
i RootEntry = iMessageSession->GetEnt ryL(aEntryid); 

iCount = iRootEntry->Count () ; 

II Get the root of the hierarchy 
iChildren = iRootEntry->ChildrenL (); 
f cir (i =0; i<iCount; i++ ) { 

child= iMessageSession- >GetEntryL( (* iChildren) [ i] ) ; 

// do something with the child 

In this code, we open a session to the message server, get the node 
entry referenced by the aEntryid parameter, find its children, and 
then loop through fetches of each child. If we wanted to look at 
each service that the message server manages, we could call this 
function with the entry ID of the root of the message tree (Kmsv­

RootindexEntryid). Since services are direct children of the 
message tree root, this would access each service. We could repeat 
the process (perhaps recursively) to eventually reach each message. 
As another example, if we wanted to look at each message in the 
message tree inbox for the local message store, we would call this 
function with the entry ID of KMsvGl oba l InBoxindexEntryid, 

which is defined as the inbox ID constant. 
Notice in the above code that the children of an entry are 

retrieved into a CMsvEntrySelection class. Th is class is defined 
as an array of entry I Os. 

15.3.4 Viewing and Editing Messages . 

Once we have a message entry as a CMsvEntry object that we 
want to manipulate, we need to get its interface MTM to v iew it or 
edit it. We can follow this sequence to obtain and use this MTM: 

• Obtain the header information from the entry. This wi ll be in the 
form of a TMsvEntry object. 

• Use the data from the header information to discover the MTM 
type that handles the entry. For example, the UID of the MTM 
can be found as the TMsv Entry: : iMtm variable of this object. 

• Request instances of the cl ient-side MTM and user interface 
MTM objects from the registry. 
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Set the context of the client-side MTM This means that we
11focus the client-side MTM on specific message so that it

can configure itself to obtain the right types of data e.g MTMs
Call the operation function i.e either viewing or editing pro
vided by the user interface MTM This returns an active object

to manage the asynchronous operation

When that operation object completes it will signal the active

object implemented by the client program

That active object then handles any action such as cleanup
that is required

From this sequence notice that the actual operation of viewing or

editing is an asynchronous operation governed by an active object
This object is an instance of the CMsvoperation class which

is derived from the CActive class among others This class is

used extensively by CMsvEntry objects and user interface MTMs
to implement functions that require parallel active object thread

and have the possibility of cancellation In addition to creation

and cancellation of the CMsvOperation object several other

operations are possible The definition below is taken from the

definition of the CMsvOperat ion class

virtual const TDesC8 ProgressLOO
IMPORT virtual const TDesC8 FinalPropressO
IMPORT virtual TOld Mtm const
inline TMsvOp Id const
inline TMsvId Service const

The progress and final disposition of the operation performed when
it completes are available in human-readable strings from the first

two functions The Ntm function will return the UID of the MTM
that is being used for the operation The Id function returns the

ID of the operation internal to the message server The ID allows

client to keep track of different operations Finally the Service
function returns the entry ID of the service that is involved in the

operation

Now lets follow an example that implements the above sequ
ence Assume we have CMsvEntry message entry object as the

variable child from the example above We would view this

message as follows

TRequestStatus statue
TMsvEntry msginfo
CClientMtmRegistry iMTMClientRegistry
CMtmuiRegistry iMTMUiRegistry
CBaseMtrn iClientMtm
CBaseMtmUi iMtmUi
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• Set the context of the client-side MTM. This means that we 
"focus" the client-side MTM on a specific message, so that it 
can configure itself to obtain the right types of data (e.g., MT Ms). 

• Call the operation function (i.e., either viewing or editing) pro­
vided by the user interface MTM. This returns an active object 
to manage the asynchronous operation. • 

• When that operation object completes, it will signal the active 
object implemented by the client program. 

• That active object then handles any action, such as cleanup, 
that is required. 

From this sequence, notice that the actual operation of viewing or 
editing is an asynchronous operation, governed by an active object. 
This object is an instance of the CMsvOperation class, which 
is derived from the CActi ve class (among others)·. This class is 
used extensively by CMsvEntry objects and user interface MTMs 
to implement functions that require a parallel active object thread 
and have the possibility of cancellation. In addition to creation 
and cancellation of the CMsvOperation object, several other 
operations are possible. The definition below is taken from the 
definition of the CMsvOperation class: 

virtual c onst TDesC8& ProgressL () =0 ; 
IMPORT_C virtual con st TDesC8& FinalProgress(); 
IMPORT_C virtual TUid Mtm( ) const; 
inline TMsvOp Id() const; 
inline TMsvid Se rvice() const ; 

The progress and final disposition of the operation performed (when 
it completes) are available in human-readable strings from the first 
two functions. The Mtm ( ) function will return the UID of the MTM 
that is being used for the operation. The Id ( ) function returns the 
ID of the operation internal to the message server. The ID allows a 
client to keep track of different operations. Finally, the Service () 
function returns the entry ID of the service that is involved in the 
operation. 

Now, let's follow an example that implements the above sequ~ 
ence. Assume we have a CMsvEntry message entry object as the 
variable child, from the example above. We would view this 
message as follows: 

TRequestStatus s tat u s; 
TMsvEntry *msgin fo ; 
CClie ntMtmRegist r y i MTMClientRegistry ; 
CMt mUiRegi stry iMTMUiRe g i str y ; 
CBaseMtm *iClie n t Mtm; 
CBaseMtmUi * i MtmUi 
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msginfo child-Entry

7/ Create client-aide MTM

iMtmClientRegistry CClientMtmRegistry NewL
iMessageSession

iClientMtm iMtmClientRegistry-NewMtmL msginfo-iType

// Set the client MTMs context

iClientMtm-SwitchCurrentEntryLchild-EntrYIdO

/7 Extract the text meesage MTM UI

iMTMUiRegistry CMtmUiRegistry NewLiMeSsageSeSSion
iMtmUi iMTMUiRegistry -MewMtmUit iClientMtm

7/ View the message
iMtmlJi-ViewLstdtus
User WaitForRequeststatuS

In this code we create new client-side MTM by using the registry

to obtain one for the type of message we are looking at as derived

from the child message We then set the context of the client-side

MTMi.e customize itto the current message At this point the

MTM interface object is focused on the right message and the right

context/message type and we can view the message through that

interface object

15.3.5 Other Operations on Messages

The definition of the CBaseNtmUi class is lengthy It includes

functions for viewing and editing messages as we have just seen

copying and moving messages between folders replying to and for

warding messages deleting messages and monitoring the progress

of operations In all cases since these operations may take while

the functions work like EditL and ViewL above i.e they

invoke cNsvoperat ion active object and return handle to it

Just as operations for viewing and editing messages are tailored

for specific message type replying and forwarding messages are

also implemented differently for each message type You would

reply to fax differently than you would to an SMS message These

are handled by asynchronous functions as in the definitions below

virtual CMsvOperation ReplyLTMsvId aDestination
TMsvPartList aPartlist

TRequestStatus aCompleionStatu5
virtual CMsvOperation ForwardL TMsvId aDestination

TMsvPartList aPartList

TRequestStatus aCompletionStatus

Both functions take an entry ID of the service or folder where

the newly-created message from successful completion should
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msginfo child- >Entry(); 

// Create a client-side MTM 
iMtmClientRegistry = CClientMtmRegistry : :NewL( 

iMessageSession); 
iClientMtm = iMtmClientRegistry->NewMtmL(msginfo->iType); 

// Set the c lient MTM's context 
iClientMtm->SwitchCurrentEntryL(child->Entryid()); 

// Extract the text message MTM UI 
iMTMUiRegistry = CMtmUiRegistry : :NewL(iMessageSession); 

iMtmUi = iMTMUiRegistry - >NewMtmUiL(iClientMtm) ; 

// View the message 
iMtmUi- >ViewL(status); 
User: :WaitForRequest(status); 

In this code, we create a new client-side MTM by using the registry 
to obtain one for the type of message we are looking at, as derived 
from the child message. We then set the context of the client-side 

MTM-i.e., customize it-to the current message. At this point, the 

MTM interface object is focused on the right message and the right 
context/message type, and we can view the message through that 
interface object. 

15.3.5 Other Operations on Messages 

The definition of the CBaseMtmUi class is lengthy. It includes 

functions for viewing and editing messages (as we have just seen), 

copying and moving messages between folders, replying to and for­

warding messages, deleting messages, and monitoring the progress 
of operations. In all cases, since these operations may take a while, 

the functions work like Edi tL () and ViewL () above, i.e., they 
invoke a CMsvOperation active object and return a handle to it. 

Just as operations for viewing and editing messages are tailored 
for a specific message type, replying and forwarding messages are 

also implemented differently for each message type. You would 

reply to a fax differently than you would to an SMS message. These 
are handled by asynchronous functions, as in the definitions below: 

virtual CMsvOperation* ReplyL(TMsv id a Desti nation, 

TMsvPartList a Partlist, 
TRequestStatus &aCompletionStatus) = O; 

virtual CMsvOperation* For wardL (TMsv id aDestination, 

TMsvPa r tLi st aPartList, 
TRequestStatus &aCompletionStatus) =· O; 

Both functions take an entry ID of the service or folder where 

the newly-cr~ated message from a successful completion should 



ACCESSING MESSAGES 313

be placed For example using the supplied constant sv
GlobalOutBoxlndexEntryld would place the resulting new
message in the outbox to await delivery The second parameter
to these functions is parts listan integer whose bit positions
determine which parts of the original message will be included in

the new message Message parts are defined by the constants that

are ORd together The final parameter is status variable used to

monitor the progress of the active object

Messages and services can be deleted through the functions

below

IMPORT virtual CMsvOperatjon DeleteFromL
const CMsvEntrySelection aSelection
TRequestStatus aStatua

IMPORT virtual CMsvOperation UnDeleteFromL
const CMsvEntrySelection aSelection
TRequestStatus aStatus

IMPORT virtual CMsvOperation DeleteserviceL
const TMsvEntry aService TRequeststatus aStatus

The first two functions take selection array and status indicator

They allow messages to be deleted or undeleted from folders

The third function will delete service including the folders and

messages that are dependent on that service

There are four functions that implement the transfer of messages
to and from remote servers They are defined below

IMPORT virtual CMsvOperation CopyToL
const CMsvEntrySelection aSelection
TRequestStatus aStatus

IMPORT virtual CMsvOperation MoveToL
const CMsvEntrySelaction aSalection
TRequestStatus aStatus

IMPORT virtual CMsvOperation CopyFromL
const CMsvEntrySelection aSelection
TMsvId aTargetld TRequestStatua aStatus

IMPORT virtual CMsvOperation MoveFromL
const CMsvEntrySelection aSelection
TMsvId aTargetld TRequestStatus aStatus

The first twoCopyToL and MoveToL 0will copy or move

messages indicated by the selection array to the current context The
context is the current folder to which you have navigated in your
application prior to executing one of the above functions Since

the messages will have their own context information encoded
in each reference in the selection array the system will know
the context from which to transfer the message The second two

functionscopyFromL and MoveFromL0do not have this
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be placed. For example, using the supplied constant, KMsv ­
Global0utBoxindexEntryid, would place the resulting new 
message in the outbox to await delive.ry. The second parameter 
to these functions is a " parts list"- an integer whose bit positions 
determine which parts of the original message will be included in 
the new message. Message parts are defined by the constants that 
are OR'd together. The final parameter is a status variable used to 
monitor the progress of the active object. 

Messages and services can be deleted through the functions 
below: 

I MPORT_C virtua l CMsvOpera tio n* DeleteFromL( 
c a nst CMsvEntrySe lection &aSelec tion, 
TRequestSta tus &aStatus); 

I MPORT_C virtua l CMsvOperat i on* UnDelete FromL ( 
const CMsvEnt rySe lection &aSelection, 
TRequestStat u s &aStatus); 

IMPORT C v irtua l CMsvOperation* DeleteService L ( 
const TMsvEnt r y &aServ i c e, TRequestStatu s &aStatus); 

The first two functions take a selection array and a status indicator. 
They allow messages to be deleted or undeleted from folders. 
The third function will delete a service, including the folders and 
messages that are dependent on that service. 

There are four functions that implement the transfer of messages 
to and from remote servers. They are defined below: 

I MPORT_C virtual CMsvOperation* CopyToL( 
const CMs v EntrySelection &aSelect i on , 
TRequestSt a tus &aStatus) ; 

IMPORT_ C virtual CMsvOperation* MoveToL ( 
const CMsvEntr ySelection &aSe l ection, 
TRequestSt atu s &aStat us ) ; 

I MPORT_ C virtual CMsvOperation* CopyFromL( 
con st CMsvEntrySelection &aSelection , 
TMsvid aTa rgetid, TRequestStatus &aStatus ); 

IMPORT_ C virtua l CMsvOperation* MoveFromL( 
const CMsvEntrySelection &aSelecti on, 
TMsvid aTargetid, TRequestStatu s &aStatus); 

The first two-CopyToL () and MoveToL ( )- will copy or move 
messages indicated by the selection array to the current context. The 
context is the current folder to which you have navigated in your 
application prior to executing one of the above functions. Since 
the messages will have their own context information encoded 
in each reference in the selection array, the system will know 
the context from which to transfer the message. The second two 
functions-Copy FromL ( ) and MoveFromL ( )- do not have this 
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information because they transfer messages from the current context

to some other context You must provide the entry ID of that

destination context in the aTargetld argument
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Two functions allow information to be obtained about on-going

operations Consider the definitions below

IMPORT virtual TInt DisplayProgressSummary
Conat TDesC8 aProgress const

IMPORT virtual TInt GetProgress
conat TDeaC8 aProgreas
TufEProgreaaStringMaXLefl aReturnString
TInt aTotalEntryCount TInt aEntrieaDone

TInt aCurrentEntrySize
TInt aCurrentByteaTrans const

These functions convert progress information about some asyn
chronous operation information that is specific to an MTM such

as message sending to human-readable form The progress infor

mation that you must pass into these functions is string obtained

from an on-going CMsvOperation by calling its ProgressL
function The nature of any information that is displayed is MTM
specific The first function simply displays progress message The

second function actually gets more information so you can display

it in your application
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information, because they transfer messages from the current context 
to some other context. You must provide the entry ID of that 
destination context in the aTargetid argument. 

Two functions allow information to be obtained about on-going 
operations. Consider the definitions below: 

IMPORT_C virtual Tint DisplayProgressSummary ( 

cons t TDesC B &aProgress) const; 
IMPORT_C virtual Tlnt GetProgress ( 

const TDesCB &aProgress, 
TBuf< EProgr essStringMaxLen> &aReturnString, 

Tlnt &aTotalEntryCount, Tlnt &aEntriesDone, 
Tlnt &aCurrentEntrySize, 
Tlnt &aCurrentBytesTrans) const; 

These functions convert progress information about some asyn­
chronous operation, information that is specific to an MTM such 
as message sending, to a human-readable form. The progress infor­
mation that you must pass into these functions is a string obtained 
from an on-going CMsvOperation by calling its ProgressL () 

function. The nature of any information that is displayed is MTM­
specific. The first function simply displays a progress message. The 
second function actually gets more information so you can display 
it in your application. 
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15.3.6 MTM-Specific Functions

In the implementations of different MTMs there are bound to be

functions that are specific to each MTM that do not generalize to

all MTMs For example an email message MTM that uses POP3
would need functions to connect to and disconnectfrom the POP3

server BIO message MTM would not need function to connect

to server because there is no server for BIO messages they are

pushed to device On the other hand BlO message MTM needs

function to process the BIO message content This applies to SMS
and fax messages as well Each MTM implementation will require

its own specialized functions

The messaging architecture provides way for MTM compo
nents to offer protocol-specific functionality not provided by base

class interface functions These MTM-specific functions are imple
mented in the MTM and assigned IDs that correspond to each

protocol-specific operation offered To call these specific func

tions each MTM component implements two functions called

InvokeSyncFunctionL and InvokeAsyncFunctionL
that allow clients to access these operations by passing in the

appropriate ID As you can guess from their names the first function

allows an operation to be called synchronously and the second

allows asynchronous access to an operation The actual calling

sequence is defined below from the CBaseNtm class

virtual CMsvOperation InvokeAsyncFunctionL
TInt aFunctionld conat CMsvEntrySelection aSelection
TDea8 aParameter
TRequestStatus aCompletionStatus

virtual void InvokeSyncFunctionL TInt aFunctionld
const CMsvEntrySelection aSelection
TDes8 aParameter

Each call requires the function ID as the first parameter This is

different for each MTM used The second parameter defines the

messages that are affected as message selection array The third

parameter is generic buffer of byte data that provides parameter
list to the function being invoked Finally the asynchronous call

requires status variable for monitoring

Leek Up MTM-SpecWk Function

ffriri MM pcifrc functhn ID in certain header

1ile Under the \tebi\
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15.3.6 MTM-Specific Functions 

In the implementations of different MTMs, there are bound to be 
functions that are specific to each MTM that do .not generalize to 
all MTMs. For example, an email message MTM that uses POP3 
would need functions to connect to and disconnect from the POP3 
server. A BIO message MTM would not need a function to connect 
to a server because there is no server for BIO messages (they are 
pushed to a device). On the other hand, a BIO message MTM needs 
a function to process the BIO message content. This applies to SMS 
and fax messages as well. Each MTM implementation will require 
its own specialized functions. 

The messaging architecture provides a way for MTM compo­
nents to offer protocol-specific functionality not provided by base 
class interface functions. These MTM-specific functions are imple­
mented in the MTM and assigned IDs that correspond to each 
protocol-specific operation offered. To call these specific func­
tions, each MTM component implements two functions, called 
InvokeSyncFunctionL() and InvokeAsyncFunctionL (), 
that allow clients to access these operations by passing in the 
appropriate ID. As you can guess from their names, the first function 
allows an operation to be called synchronously and the second 
allows asynchronous access to an operation. The actual calling 
sequence is defined below from the CBaseMtm class: 

virtual CMsvOperation* Invo keAsyncFunctionL( 
Tint aFunctionid, con st CMsvEntrySelection &aSelec tion, 
TDesS &aParameter, 
TRequestStatus &aCompletionStatus) = O; 

virtual void InvokeSyncFunctionL (Tint aFunct i onid, 
. const CMsvEntrySe l ection &aSelection, 

TDes8 &aParameter) = O; 

Each call requires the function ID as the first parameter. This is 
different for each MTM used. The second parameter defines the 
messages that are affected as a message selection array. The third 
parameter is a generic buffer of byte data that provides a parameter 
list to the function being invoked. Finally, the asynchronous call 
requires a status variable for monitoring. 



316 SENDING AND RECEIVING MESAGIS

direc tory look for files whose names end with cmds e.g
imapcmds for IMAP functions These contain list of func

tions with function IDs defined by enumeration

15.4 Creating Basic Messages The BaseMtm Class

As we have discussed Symbian OS supports several kinds of mes
sage types and allows new types to extend the architecture While

each message type has its own MTM and its own set of progress

monitors there is core structure that should look familiar All

MTMs are derived from single base MTM class the CBaseMtm
class Each MTM subclass will inherit functions from the base class

and will customize them for its own purposes We will go over the

core set before elaborating on the derived classes

The first functions we should review are functions that determine

the context of an MTM SetCurrentEntryL and SwitchCur
rentEntryL

IMPORT void SetCurrentEntryLCMsvEntry aEntry
IMPORT void SwitchCurrentEntryLTMsvId aId
inline CMavEntry Entry const
inline TBool HasContext conet

These functions change and test the entry on which later actions

are performed through the MTM The first two functions are dis

tinguished by their parameter types The first takes pointer to

service folder or message the second takes an entry ID number

message client application must use one of these to set context

before using other MTM functions The third function retrieves the

context of the MTM and the last function tests if one has been set

When the context is set no data is manipulated The context is

the environment of the messageits representative propertiesbut
not its contents Message data must be explicitly loaded and saved

through the functions defined below

virtual void SAveMessageLOo
virtual void LoadlvlessagetO0

To retrieve entry data invoke the LoadMessageL function after

setting
the context any changes made to message should be saved

by calling SaveMessageL There is cache that is set up for the

message which is emptied upon switching contexts calling these

functions wilL fill and save this cache
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15.4 Creating Basic Messages: The BaseMtm Class 

As we have discussed, Symbian OS supports several kinds of mes­
sage types and allows new types to extend the architecture. While 
each message type has its own MTM and its own set of progress 
monitors, there is a core structure that should look familiar. All 
MTMs are derived from a single base MTM class: the CBaseMtm 
class. Each MTM subclass will inherit functions from the base class 
and will customize them for its own purposes. We will go over the 
core set before elaborating on the derived classes. 

The first functions we should review are functions that determine 
the context of an MTM: SetCurrentEntryL () and Swi tchCur­
rentEntryL (): 

IMPORT_C void SetCurrentEntryL (CMsvEntry* aEntry); 
IMPORT_C void SwitchCurrentEntryL(TMsvid aid); 
inline CMsvEntry& Entry() canst; 
inline TBool HasContext() const; 

These functions change and test the entry on which later actions 
are performed through the MTM. The first two functions are dis­
tinguished by their parameter types. The first takes a pointer to a 
service, folder, or message; the second takes an entry ID number. 
A message client application must use one of these to set a context 
before using other MTM functions. The third function retrieves the 
context of the MTM, and the last function tests if one has been set. 

When the context is set, no data is manipulated. The context is 
the environment of the message-its representative properties-but 
not its contents. Message data must be explicitly loaded and saved 
through the functions defined below: 

virtual void SaveMessageL( )=0; 
v irtual void LoadMes·sageL () =b; 

To retrieve entry data, invoke the LoadMessageL () function after 
setting the context; any changes made to a message should be saved 
by calling SaveMessageL () . There is a cache that is set up for the 
message, which is emptied upon switching contexts; calling these 
functions wilUill and save this cache. 



CREATING BASIC MESSAGES THE BaseMtm CLASS 317

message can be createdi.e its entry is created and the mes

sage framework establishedby the createMessageL func

tion This is defined below

IMPORT virtual void CreateMessageLTMsvId aServiceld

The parameter is an entry ID for the service to which this message
will belong

Specific parts of message can be manipulated on their own

using the CBaseMtm class The functions include the ones below

Addresses can be added to and deleted from the recipient lists

of messages through the functions below

inline const CDesCArray AddresseeList const
virtual void AddAddresseeL

const TDesC aRealAddress
virtual void AddAddresseeL

const TDesC aRealAddress const TDesC aAlias
virtual void RernoveAddresseeTInt alndex

Addresses are simply strings for these function calls and the

address list is an array of strings Addresses are removed by

using indexes from this address list array These functions are

designed to allow address list manipulation with no MTM
specific knowledge

The subject of message is controlled through the functions

defined below

IMPORT virtual void SetSubjectL
const TDesC aSubject

IMPORT virtual const TPtrC SubjectL const

These functions will set the subject and retrieve the subject The

subject itself is simply string

The body of message can only be retrieved in the CBaseMtrn

base class Subclasses will define ways to set the body on their

own Retrieving the body of message is accomplished by
functions defined below

inline CRichText Body
inline const CRichText Body const

Note that these functions return CRichText object CRich
Text class object is generic enough to handle all the different

formats that body could be in for the various types of messages
we will use
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A message can be created-i.e., its entry is created and the mes­
sage framework established-by the CreateMessageL () func­
tion. This is defined below: 

• IMPORT_C virtual void CreateMessageL(TMsvid aServiceid); 

The parameter is an entry ID for the service to which this message 
will belong. 

Specific parts of a message can be manipulated on their own 
using the CBaseMtm class. The functions include the ones below: 

• Addresses can be added to and deleted from the recipient lists 
of messages through the functions below: 

inline canst CDesCArray &AddresseeList() canst; 
virtual void AddAddresseeL( 

canst TDesC &aRealAddress) = O; 
virtual void AddAddresseeL( 

canst TDesC &aRealAddress, canst TDesC &aAlias) O; 
virtual void RemoveAddressee(Tint aindex) = O; 

Addresses are simply strings for these function calls, and the 
address list is an array of strings. Addresses are removed by 
using indexes from this address list array. These functions are 
designed to allow address list manipulation with no MTM­
specific knowledge. 

• The subject of a message is controlled through the functions 
defined below: 

IMPORT C virtual void SetSubjectL( 
canst TDesC &aSubject); 

IMPORT_C virtual canst TPtrC SubjectL() canst; 

These functions will set the subject and retrieve the subject. The 
subject itself is simply a string. 

• The body of a message can only be retrieved in the CBaseMtm 

base class. Subclasses will define ways to set the body on their 
own. Retrieving the body of a message is accomplished by 
functions defined below: 

inline CRichText& Body(); 
inline canst CRichText& Body() canst; 

Note that these functions return a CRichText object. A CRich­
Text class object is generic enough to handle all the different 
formats that a body could be in for the various types of messages 
we will use. 
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The body of message is cached by the operating systemeven

after manipulationso that access to it can be fast To move the

cache to and from file storage we need to use one of two functions

defined below

IMPORT void StoreBodyLCMsvStOre aStore
IMPORT void RestoreBodyLCMSvStOre aStore

StoreBodyL and RestoreBodyL encapsulate the retrieval

and storage of this CRichText object to CMsvStore for

implementers of derived classes If you want to read or write

the body without reading or writing the entire message this is how

to do it

Attachments are important for several types of messages We

manipulate attachments by the following functions

IMPORT virtual void CreateAttachmefltL

TMsvId aAttachmentld TFileName aDirectory

IMPORT virtual void DeleteAttachmentL
TMsvId aMessageld TMsvId aAttachmentld

These functions do not actually create or delete anything more

than an index entry to be filled in by the application When

CreateAttachment is called an index entry is created

for the attachment and the entry ID for it is returned along

with the directory in which to create the attachment Deleting

an attachment with DeleteAttachmefltL must use the

entry ID for message and for the attachment ID on that

message

Without specific type of message to use it is hard to give

concrete example of the above functions But we can review the

sequence of events that must occur to create message

First we must create the MTM for message type We would

do this as we did before using the registry Lets assume we have

an MTM called theMTM created with KUIdMsqTypeSMTP

message type email using SMTP

Next we would have to create message Lets say we want

to create message in the local message services outbox We
would use code like this

theMTM-CreateMessage KmsvGlobalOutPoxlndeXEfltryld
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The body of a message is cached by the operating system-even 

after manipulation-so that access to it can be fast. To move the 

cache to and from file storage, we need to use one of two functions, 

defined below: 

IMPORT C void StoreBodyL(CMsvStore &aStore); 

IMPORT_C void RestoreBodyL(CMsvStore &aStore ) ; 

StoreBodyL () and RestoreBodyL () encapsulate the retrieval 

and storage of this CRichText object to a CMsvStore for 

implementers of derived classes. If you want to read or write 

the body without reading or writing the entire message, this is how 

to do it. 

• Attachments are important for several types of messages. We 

manipulate attachments by the following functions: 

IMPORT_C virtual void CreateAttac hmen tL ( 

TMsvid &aAttachmentid, TFileName &aDirec t o ry) ; 

IMPORT_C virtual v oid DeleteAttachmentL ( 

TMsvid aMessageid, TMsvid aAttachmentid) ; 

These functions do not actually create or delete anything more 

than an index entry to be filled in by the application. When 

CreateAttachrnent () is called, an index entry is created 

for the attachment, and the entry ID for it is returned along 

with the directory in which to create the attachment. Deleting 

an attachment with DeleteAttachmentL ( ) must use the 

entry ID for a message and for the attachment ID on that 

message. 

Without a specific type of a message to use, it is hard to give a 

concrete example of the above functions. But we can review the 

sequence of events that must occur to create a message. 

• First, we must create the MTM for a message type. We would 

do this as we did before using the registry. Let's assume we have 

an MTM called theMTM, created with a KUidMsgTypeSMTP 

message type (email using SMTP). 

• Next, we would have to create a message. Let's say we want 

to create a message in the local message service's outbox. We 

would use code like this: 

theMTM- >Cre:i-teMessage (KmsvGlobalOutBoxindexEntry id) ; 
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Next we would want to set up the destination of the message
For example we might use the code below

theMTM-AddAddresseeLLjippingcs.hope.edufl

This sets the message to go out to my email address

We could set up the subject as follows

theMTM-SetSubjectLLMeeting at 300 pm
We would then manipulate the message body as the specific

type of message MTM stipulates

If we want to manipulate attachments we would do so with the

functions from the specific MTM
We can now save the message We could use the code below

theMTM- SaveMessageL

This saves the message to the outbox

Notice how once the message has been createdand the context

set by that creationall future function calls work on that message
context There is no need in the calls to specify which message to

manipulate

15.5 Easy Sending of Messages Send-As Messaging

By now you might be little taken aback by the complexity of

message handling and the message architecture of Symbian OS
While it is true that the architecture is big and complexafter all it

must handle messages as different as faxes and SMS messagesthe

designers of Symbian OS have streamlined the process we use to

send messages The sending process is relatively short and very

straightforward Lets review that process in this section

The sending procedure is called send-as messaging It is generic

processi.e one process for all message typesthat uses mes

sage types MTM to guide thesending process It is powerful

model that can be used to send messages of all types and even to

transfer data in unique ways The procedure follows the sequence
we outlined in the last section

Send-as messaging centers on the CSendAs class The definition

of this class is rather large so we will not go through it in its entirety

Rather we will go through the process necessary to send message
and overview the API along the way
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• Next, we would want to set up the destination of the message. 
For example, we might use the code below: 

theMTM->Add.AddresseeL(_L( 11 jipping@cs.hope.edu 11
)); 

This sets the message to go out to my email address. 

• We could set up the subject as follows: 

theMTM->SetSubjectL(_L("Meeting at 3:00 pm")); 

• We would then manipulate the message body as the specific 
type of message MTM stipulates. 

• If we want to manipulate attachments, we would do so with the 
functions from the specific MTM. 

• We can now save the message. We could use the code below: 

theMTM->SaveMessageL(); 

This saves the message to the outbox. 

Notice how once the message has been created-and the context 
set by that creation-all future function calls work on that message 
context. There is no need in the calls to specify which message to 
manipulate. 

15.5 Easy Sending of Messages: Send-As Messaging 

By now you might be a little taken aback by the complexity of 
message handling and the message architecture of Symbian OS. 
While it is true that the architecture is big and complex-· after all, it 
must handle messages as different as faxes and SMS messages-the 
designers of Symbian OS have streamlined the process we use to 
send messages. The sending process is relatively short and very 
straightforward. Let's review that process in this section. 

The sending procedure is called send-as messaging. It is a generic 
process-i.e., one process for all message types-that uses a mes­
sage type's MTM to guide the sending process. It is a powerful 
model that can be used to send messages of all types and even to 
transfer data in unique ways. The procedure fol lows the sequence 
we outlined in the last section. 

Send-as messaging centers on the CSend.As class. The definition 
of this class is rather large, so we will not go through it in its entirety. 
Rather, we will go through the process necessary to send a message 
and overview the API along the way. 
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15.5.1 Step Choose the MTM
The first step is to choose the MTM that the CSendAs object will

use to send the message This can be done in two ways we can set

the MTM directly or we can use CSendAs object to search for the

MTM we need
The first function is the easiest but we must know which

MTM we want and that the MTM is available on the device we

are using To set the MTM we need the CSendAs function defined

below

IMPORT void SetMtmLTUid aMtmljid

For this function we need to know the UID of the MTM we intend

to use There are constants defined for this purpose for the installed

MTMs Table 15.2 has some of the predefined standard UlDs

The second way to set the MTM is to search for it To use this

function we need to give the CSendAs object some search criteria

to help it prune the list of available MTMs To do this we would

use following function

IMPORT void AddMtmCapabilityL TtJid aCapabilityld
TBool aResponseExpectedEFalse

We would add each of the necessary capabilities which would

filter the MTM list for those that have the capabilities we need

In version 6.1 of Symbian OS there are 15 predefined UlDs for

MTM capabilities For example if we wanted an MTM that supports

subjects and attachments we might use the code below

iSendAs- AddMtmCapabilityt KuidMtmQuerySupportSubj ects
iSendAs- AddMtmCapabilityt

KtiidMtmQuerySupportAttachments

Once the capability list has been set the list of available MTMs can

be accessed through the function defined below

inline const CflesCArray AvailableMtms const

This function returns an array of strings that indicate the MTMs that

possess the capabilities stipulated

This list of capabilities can be reset by call to the following

function

IMPORT void ResetMtmCapabilitiesL
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15.5.1 Step 1: Choose the MTM 

The first step is to choose the MTM that the csendAs object will 
use to send the message. This can be done in two ways: we can set 
the MTM directly or we can use a CSendAs object to search for the 
MTM we need. 

The first function is the easiest, but we must know (a) which 
MTM we want and (b) that the MTM is available on the device we 
are using. To set the MTM, we need the CSendAs function defined 
below: 

IMPORT_C void SetMtmL(TUid aMtmUid); 

For this function, we need to know the UID of the MTM we intend 
to use. There are constants defined for this purpose for the installed 
MTMs; Table 15.2 has some of the predefined standard UIDs. 

The second way to set the MTM is to search for it. To use this 
function, we need to give the CSendAs object some search criteria 
to help it prune the list of available MTMs. To do this, we would 
use following function: 

IMPORT_C void AddMtmCapabilityL(TUid aCapabilityid, 
TBaal aRespanseExpected=EFalse ) ; 

We would add each of the necessary capabilities, which would 
filter the MTM list for those that have the capabilities we need. 
In version 6.1 of Symbian OS, there are 15 predefined UIDs for 
MTM capabilities. For example, if we wanted an MTM that supports 
subjects and attachments, we might use the code below: 

iSencl.As->AddMtmCapabilityL(KUidMtmQuerySupportSubjects); 
iSencl.As->AddMtmCapabilityL( 

KUidMtmQuerySuppartAttachments ) ; 

Once the capability list has been set, the list of available MTMs can 
be accessed through the function defined below: 

inline canst CDesCArray& AvailableMtms() canst; 

This function returns an array of strings that indicate the MTMs that 
possess the capabilities stipulated. 

This list of capabilities can be reset by a call to the following 
function : 

IMPORT_C void ResetMtmCapabilitiesL(); 
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Once an MTM has been chosen from the list of available ones the

MTM can be set for CSendAs object by using an index into the

array of available MTMs using the function below

IMPORT void SetMtmLTInt aMtmlndex

This function is an overloaded alternative to the SetMtmL func

tion we discussed above

15.5.2 Step Choose the Service to Use

Once the MTM has been chosen we need to set the service to

use for the outgoing message To do this we use the two functions

below

inline const CDesCArray AvailableServices const
IMPORT void SetServiceTInt aServicelndex

The first function will return an array of strings that describe the

services that are available The second function chooses service

by selecting an index from this array of available services

If no service is
explicitly selected default service will be used

for sending the message

15.5.3 Step Create the Message and All Its Parts

We begin message by creating it through the CSendAs object

We would use one of the functions described below

IMPORT void CreateMessageLO
IMPORT void CreateMessageLTMsvId aId

In both cases message for the current CSendAs object is created

In the first version blank message is created in the second version

message is created whose context and contents are copied from

the message whose ID is given as parameter To create message
the MTM for the CSendAs object must already have been set

Once the message for the CSendAs object has been created

we can create and modify its components The components are the

same ones that we addressed with the CEaseMtm class with similar

functions

Message recipients are modified with one the following func

tions

IMPORT const CflesCArray RecipientList const
IMPORT void AddRecipientL

const TDesC aRealAddress
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Once an MTM has been chosen from the list of available ones, the 
MTM can be set for a csendAs object by using an index into the 
array of available MTMs, using the function below: 

IMPORT_C void SetMtmL (Tint aMtmindex ) ; 

This function is an overloaded alternative to the SetMtmL () func­
tion we discussed above. 

15.5.2 Step 2: Choose the Service to Use 

Once the MTM has been chosen, we need to set the service to 
use for the outgoing message. To do this we use the two functions 
below: 

inline const CDes CArray & AvailableServ i ces ( }_ c onst ; 
IMPORT_C v o id SetService(Tint aSe rviceindex); 

The first function will return an array of strings that describe the 
services that are available. The second function chooses a service 
by selecting an index from this array of available services. 

If no service is explicitly selected, a default service wi ll be used 
for sending the message. 

15.5.3 Step 3: Create the Message (and All Its Parts) 

We begin a message by creating it through the CSendAs object. 
We would use one of the functions described below: 

IMPORT_C void CreateMessageL ( }; 
I MPORT_C void CreateMessageL (TMsvid aid) ; 

In both cases, a message for the current CSen dAs object is created. 
In the first version, a blank message is created; in the second version, 
a message is created whose context and contents are copied from • 
the message whose ID is given as a parameter. To create a message, 
the MTM for the csendAs object must already have been set. 

Once the message for the CSendAs object has been created, 
we can create and modify its components. The components are the 
same ones that we addressed with the CBaseMtm class, with similar 
functions. 

• Message recipients are modified with one the following func­
tions: 

I MPORT C const CDesCArr ay& RecipientList( ) c onst; 
IMPORT_C voi d AddRecipientL ( 

const TDesC &aReal Address) ; 
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IMPORT void AddReCipiefltL
const TDesC aRealAddreSs const TDesC aAlias

IMPORT void RemoveRecipient TInt alndex

The two AddRecpiefltL functions add the
string given to

the list of recipients for the message The list can be retrieved with

RecipientList as an array of strings The RemoveRecip
ient function removes the recipient at the position in the list

indicated by its parameter

The subject of the messageas stringis set with the follow

ing function

IMPORT void SetSubjectLconst TDesC aSubject

Obviously SMS and BlO messages do not have subject

The body of message is set with rich text object using this

function

IMPORT void SetBodyLconst CRichText aMessapeBody

Any attachments can be modified with the following functions

IMPORT void CreateAttachrnentL TMsvId aAttachmentld
TFileName aDirectory

IMPORT void OeleteAttachmentL TMsvId aAttachmentld
IMPORT void SetAttachrnentLTMsvId aAttachmentld

const TDesC aAttachmentName

When an attachment is created its entry ID is returned along

with directory in which that the attachment must be created

Once the file that contains the attachment has been created

that file can be attached by the SetAttachmentL function

We must provide the attachment ID and filename to attach

to it as parameters Finally attachments can be deleted by

using DeleteAttachmentL with the appropriate attach

ment entry ID

15.5.4 Step Save and Send the Message

When the message has been prepared sending the message means

saving it into the appropriate services message store This means

call to one of the functions below

IMPORT void SaveMessageLTBool aMakeVisibleETrue
IMPORT void SaveMessageL TRequestStatus aStatus

TBool aMakeVisibleETrue
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IMPORT_C void AddRecipientL( 
const TDesC &aRealAddress, const TDesC &aAlias); 

IMPORT_C void RemoveRecipient(Tint aindex); 

The two AddRecipientL () functions add the string given to 
the I ist of recipients for the message. The I ist can be retrieved with 
RecipientList () as an array of strings. The RemoveRecip­

ient () function removes the recipient at the position in the list 
indicated by its parameter. 

• The subject of the message-as a string-is set with the follow­
ing function: 

IMPORT C void SetSubjectL(const TDesC &aSubject); 

Obviously, SMS and BIO messages do not have a subject. 

• The body of a message is set with a rich text object using this 
function: 

IMPORT C void SetBodyL(const CRichText &aMessageBody) ; 

• Any attachments can be modified with the following functions: 

IMPORT_ C void CreateAttachmentL (TMsvid &aAttachmentid, 
TFileName &aDirectory); 

IMPORT_C void DeleteAttachmentL(TMsvid aAttachmentid); 
IMPORT_C void SetAttachmentL(TMsvid aAttachmentid, 

const TDesC &aAttachmentName); 

When an attachment is created, its entry ID is returned along 
with a directory in which that the attachment must be created. 
Once the file that contains the attachment has been created, 
that file can be attached by the SetAt tachmentL () function. 
We must provide the attachment ID and filename to attach 
to it as parameters. Finally, attachments can be deleted by 
using DeleteAt tachmentL () with the appropriate attach­
ment entry ID. 

15.5.4 Step 4: Save and Send the Message 

When the message has been prepared, sending the message means 
saving it into the appropriate service's message store. This means a 
call to one of the functions below: • 

IMPORT_C void SaveMessageL(TBool aMakeVi s i ble=ETrue); 
IMPORT_C void SaveMessageL(TReq uestStatus &aStatus, 

TBool aMakeVi s i b l e=ETrue); 
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Both versions take Boolean value flag that dictates to the

message server whether it is to make the message visible in the

messages context The second version is asynchronous and also

takes status variable through which an application can monitor

the progress of the CSendAs object The second version is used for

messages that may take more time than an application is willing to

wait e.g fax page that must be rendered before being saved

15.5.5 An Example

Lets consider CSendAs example Suppose we want to extend

the TodoX example to send the todo-list item as an attachment

to an email message To make this extension work it must be

subclass of the TodoXferBase class and must implement some

meaninglessand therefore emptyfunctions But the new class

will fit into the transfer scheme nicely We can also finally transfer

vCalendar object

In this example the calling sequence for this new port looks

like this

iXferPort-InitLjipping@cs.hope.edu
iXferport- OpenL
iXferPort-Configure
iXferPort-SendltemiReader-iEntry
iXferport-Close

Here XferPort is an object of the TodoXferEmail class This

looks like all the other calling sequences we have seen for this

example
In order to fit email transfer into the TodoX class hierarchy

had to split up message sending just bit If you think of the

email message as port this will make more sense The mit
function is defined as follows

TInt TodoXferEmail InitTDesC aRecipient

TInt result

iSendAs CSendAs NewLthis
iRecipient.CopyaRecipient

return

The recipient of the email is sent as the parameter The CSendAs

object is created and the recipient stored for future use

Opening the email message does not make sense here so the

OpenL function has an empty definition
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Both versions take a Boolean value, a flag that dictates to the 
message server whether it is to make the message visible in the 
message's context. The second version_ is asynchronous and also 
takes a status variable through which an application can monitor 
the progress of the CSendAs object. The second version is used for 
messages that may take more time than an application is willing to 
wait, e.g., a fax page that must be rendered before being saved. 

15.5.5 An Example 
Let's consider a CSendAs example. Suppose we want to extend 
the TodoX example to send the todo-list item as an attachment 
to an email message. To make this extension work, it must be a 
subclass of the TodoXferBase class and must implement some 
meaningless-and therefore empty-functions. But the new class 
will fit into the transfer scheme nicely. We can also finally transfer 
a vCalendar object. 

In this example, the calling sequence for this new "port" looks 
like this: 

iXferPort ->Init(_L ( 11 jipp ing@cs. hope.edu")); 
iXferPort->OpenL(); 
iXferP9rt ->Configure () ; 
iXferPort->Senditem(iReader->iEntry); 
iXferPort ->Close() ; 

Here, iXferPort is an object of the TodoXferEmail class. This 
looks like all the other calling sequences we have seen for this 
example. 

In order to fit email transfer into the TodoX class hierarchy, 
I had to split up message sending just a bit. If you think of the 
email message as a " port", this will make more sense. The Ini t () 
function is defined as follows: 

Tint TodoXferEmail: :Init(TDesC &aRecipient) 
{ 

Tint result; 

iSend.As = CSend.As: :NewL( *this); 
iRecipient.Copy(aRecipient); 

return 0; 

The recipient of the email is sent as the parameter. The CSendAs 
object is created and the recipient stored for future use. 

Opening the email message does not make sense here, so the 
OpenL () function has an empty definition. 
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Configuring the email message means setting the MTM properties

of the CSendAs object The definition of Configure is below

void TodoXferEmail Configure

if iSendAs
iSendAs AddMtmCapabi lityL

KUidMtmQuerySupportAttaChfflentS
iSendAs-SetMtmL KUidMsgTypeSMTP

In this code we make sure that we can support attachments and

we set the message type to be defined as SMTP messages by using

the SMTP MTM
The sendltem function contains the real meat of the sending

process Its definition is below

void TodoXferEmail SendltemCAgnEfltry aEntry

CAgnTodo iTodoltem
TBuflOO dbuffer
TBuf8lOO buffer
TUint priority
TTime duedate

7/ Generate file with the vCal object in it

RFs fs
fs.Connect
RFile outputFile

User LeavelfErrorOutPutFile.RePlacefsK0utPutFile
SFileWrite

RFilewriteStream writeStreamoutputFile

iAppUi-iReader-WriteVCalObject aEntry writeStream

writeStreamCommitL
writeStream.Close

outputFile Close

/7 Create message
iSendAs- CreateMessageL KMsvGlobalOutBoxIndexEfltrYId

ifiSendAs-QueryMessageCapability
KUidMtmQuerySupportAttachments KErrNone

TMsvId messageld
TFileName attachment
TFileName srcFile

messageld isendAs-Messageld
iSendAs-CreateAttachmefltL messageld attachment

attachment KFileName
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Configuring the email message means setting the MTM properties 

of the CSendAs object. The definition of Configure () is below: 

void TodoXferEmail: :Configure() 

{ 
if ( iSendAs) { 

iSendAs->AddMtmCapabilityL( 

KUidMtmQuerySupportAttachments); 

iSendAs->SetMtmL(KUidMsgTypeSMTP); 

In this code, we make sure that we can support attachments, and 

we set the message type to be defined as SMTP messages by using 

the SMTP MTM. 
The Send.Item () function contains the real meat of the sending 

process. Its definition is below: 

void TodoXferEmail::Senditem(CAgnEntry *aEntry) 

{ 
CAgnTodo* iTodoitem; 

TBuf<100> dbuffer; 

TBuf8<100> buffer; 
TUint priority; 
TTime duedate; 

// Generate a file with the veal object in it 

RFs fs; 
fs.Connect(); 

RFile outputFile; 

User: :LeaveifError(outputFile.Replace(fs,KOutputFile, 

EFileWrite)); 

RFileWriteStream writeStream(outputFile); 

iAppUi->iReader->WriteVCalObject(aEntry, writeStream); 

writeStream.CommitL(); 

writeStream.Close(); 

outputFile.Close(); 

// Create message 

iSendAs->CreateMessageL(KMsvGlobaloutBoxindexEntryid); 

if(iSendAs->QUeryMessageCapability( 

KUidMtmQuerySupportAttachments) 

TMsvid messageid; 

TFileName attachment; 

TFileName srcFile; 

KErrNone) { 

messageid = iSendAs->Messageid() 

iSendAs->CreateAttachmentL(messageid, attachment); 

attachm.~nt += KFileName; 
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CFileMan file CFileManNewLfs
TInt fileCopy file-CopyKOutputFile attachment
delete file

if fileCopy KErrNone
// Save the message creating an email with the

// Current recording as an attachment

iSendAs-SetAttachmentLmeesageld KFileName
if iSendAs-AvailableServices .Count

User LeaveJErrNotFoUnd
iSendAs-SetService

iSendAs-AddRecipientL iRecipient
iSendAs-SetSubjectLLA New Todo-List Item
iSendAs-SetBodyL FormMessageLC _L

Here is the todo-list item
iSendAs-SaveMessageL ETrue

User LeavelfErroriSendAs-ValidateMessageO

CleanupStack PopAndDestroy3 // globalCharLayer

globalParatayer messageBody
else

//handle the error

There are several things to point out about this code

Notice that we are not actually including the vCalendar object

as an attachment but are including the text representation of the

vCalendar object as the attachment The first part of the code

creates file and dumps the vCalendar text from the todo-list

item selected into that file

After we create an empty message in the message server outbox

we stop to check if the MTM in use can support attachments

We use the QueryMessageCapability of the CSendAs

object to test this

The attachment itself is created by creating an empty attach

ment with the CreateAttachmentL function which returns

directory used to store the attachment appending the file

name to this directory name copying the vCalendar text file

to the file indicated by the newly created path name and

telling the message server that the attachment is in the file just

copied by using the SetAttachmentL function

The rest of the message is created as we discussed earlier we set

the recipient to the previously copied string we set the subject

appropriately and we set the body of the message to some rich

EASY SENDING OF MESSAGES: SEND-AS MESSAGING 325 

CFileMan* file= CFileMan: :NewL(fs); 
Tint fileCopy = file->Copy(KOutputFile, attachment); 
delete file; 

if (fileCopy == KErrNone) { 
// Save the message, creating an email with the 
// current recording as an attachment. -
iSend.As->SetAttachmentL(messageid, KFileName); 

if (iSend.As->AvailableServices() .Count()< 1) 
User::Leave(KErrNotFound); 

iSend.As->SetService(0); 
iSend.As->AddRecipientL(iRecipient); 
iSend.As->SetSubjectL(_L("A New Todo-List Item")); 
iSend.As->SetBodyL(FormMessageLC(_L 

( "Here is the todo-list item"))); 
iSend.As->SaveMessageL(ETrue); 

User: :LeaveifError(iSendAs->ValidateMessage()); 

CleanupStack: :PopAndDestroy(3}; // globalCharLayer, 

globalParaLayer, messageBody 
} else { 

//handle the error 

There are several things to point out about this code: 

• Notice that we are not actually including the vCalendar object 
as an attachment, but are including the text representation of the 
vCalendar object as the attachment. The first part of the code 
creates a file and dumps the vCalendar text from the todo-list 
item selected into that file. 

• After we create an empty message in the message server outbox, 
we stop to check if the MTM in use can support attachments. 
We use the QueryMessageCapabili ty () of the CSend.As 
object to test this. 

• The attachment itself is created by (1) creating an empty attach­
ment with the CreateAttachmentL () function, which returns 
a directory used to store the attachment, (2) appending the file­
name to this directory name, (3) copying the vCalendar text file 
to the file indicated by the newly created path name, and (4) 
telling the message server that the attachment is in the file just 
copied by using the SetAttachmentL () function. 

• The rest of the message is created as we discussed earlier: we set 
the recipient to the previously copied string, we set the subject 
appropriately, and we set the body of the message to some rich 
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text object FormlvlessageLC returns rich text object that

contains the text specified

Finally saving the message puts it in the outbox ready for

sending

When the Sendltem function is complete an email message

will exist in the outbox folder of the default email service We can

send this message by invoking the message application and using it

to send the messages from the outbox or do this programmatically

by using the client-side MTM The SendL function below defines

how to do this

CNsvOperation TodoXfe-rEmail Sendt

TRequestStatus aStatus

CMtmuiRegistry iMtmUiRegistry
CEaseMtmUi iBaseNtmUi

CBaseNtrn itlientMtm

CMsvSession iSession

// extract NTM information from the SendAs object

iClientMtmigendAS-ClientMtm
iSessionielientNtm-Sessi-on

7/ Establish connection with the registry

iMtmtJiRegistryCMtmtJiRegi5try Newt iSession 10000000

iBaseMtmUiiNtmUiRegistryNewMtmUiLiCliefltMtrfl

// Create CMsvEntrySelection with single entry of the

// message created ClientNtm has context set to last created

7/ message so we use that

TMsvTd entrylflitlientNtm-Entry .Entryld
CMsvEntrySelection selectionnew Sheave

CMsvEntryselection
selection- sAppendt entryllD

7/ Set context to target service

// The following reads the id of the target service in the

// index entry of the context of the client-side NTN
TMsvId serviceltiClientMtm-Entry Entry iServiceld

iClientMtm-SwitchturrentEntryt servicelD

7/ And send the message by copying it to the service

CNsvOperation msvOperationiBaseMtmui-CopyTOL selection

aStatus

return msvOperation

The result of this function is CMsvOperation object which

is an active object that governs the sending process This active

object uses the status variable sent as parameter to the function

for monitoring the progress This function works by using the
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text object ( FormMessageLC () returns a rich text object that 
contains the text specified). 

• Finally, saving the message puts it in the outbox, ready for 
sending. 

When the Senditem () function is complete, an email message 
will exist in the outbox folder of the default email service. We can 
send this message by invoking the message application and using it 
to send the messages from the outbox, or do this programmatically 
by using the client-side MTM. The SendL () function below defines 
how to do this: 

CMsvOperation* To d oXf ~rEmail::SendL ( 

TRequestStatus &aStatus) 

CMtmUi Registry* iMtmUiRegistry; 

CBaseMtmUi* iBaseMtmUi ; 
CBas eMtm* iCl i entMtm; 
CMsvSessi on* iSession ; 

II extract MTM i n f o rmat ion from t h e Se ndAs object 

i ClientMtm=& ( iSendAs - >Cl i entMtm ()) ; 

i Sess i on=&(iClientMt m- >Session ()) ; 

II Establish a conn e ct i on wit h the regist ry 

i MtmUiRegi stry=CMtmUi Regi s t ry:: Ne wL( *iSession ,10000000 ) ; 

iBase MtmUi= i MtmUi Re gistry->NewMtmUiL (*iClientMtm); 

II Create CMsvEntrySelec tion with a s ingl e entry o f the 

II messag e creat ed Cl i e n tMtm has context set t o l as t created 

II me ssage , s o we use that 
TMs v i d entryID=iClientMtm- >Entry() . Entr y i d() ; 

CMsvEntry Se l ect i on* sel e c t ion - new (ELeave) 

CMsv EntrySelec t ion (); 

select ion- >AppendL(entry ID); 

II Set context t o t arget service 
II The fo l lowi ng reads "th e id of the target servi ce in the 

I I inde x e n t r y of the context of t h e client - side MTM" • 

TMsvi d servi ceID=iCl i entMtm->Entry() . Entry() . iServiceid; 

iCl i e n t Mtm->SwitchCu r r entEntryL(serviceI D) ; 

II And send the me s s age by c opying i t to t h e s ervi c e 

CMsvOperation* ms v Operation =iBaseMtmUi- >CopyToL( *selection , 

aSt atus ) ; 

r e t urn msvOperation ; 

The result of this function is a CMsvOperation object, which 
is an active object that governs the sending process. This active 
object uses the status variable sent as a parameter to the function 
for monitoring t.he progress. This function works by (1) using the 
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client-side MTM to create message selection changing the

context to that of the client-side MTM and copying the message
from where it is kept in our case the outbox to the client-side MTM
context This causes the sending operation to initiate and attempt to

send out the message selection

Finally closing the message means deleting the CSendAs

object The definition of Close is below

void TodoXferEmail Close

delete iSendAs
iSendAs NULL

15.6 Receiving Messages

Applications can work with the messaging system and message
arrival While the message server itself handles the actual listening

and transport functions applications can register themselves to be

notified upon message arrival

Registration occurs when connection with the message server

is established Recall from Section 15.3 that connecting with the

message server requires parameter that is an object of the

MMsvSessionObserver class As we said before this is an

abstract class that forces classes derived from it to implement

single function shown below

void Handle5essjonEventL TNsvSeseionEvent aEvent

TAny a.rgl TAny aArg2 TAny aArg3

The message server will call this function from the class object

passed during the server connection whenever message event

occurs code that signifies which event actually occurred is passed

in the first parameter and up to three pointers to data areas that

apply to the message event make up the rest of the function calls

parameter list

Session Event Types

The session events that are possible are defined by the TMsvSes

sionEvent enumeration There are 21 different event types defined

by this type and they can be found in \SybIan\6
Quartz\Epoc32\Include\msvapi
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client-side MTM to create a message selection, (2) changing the 
context to that of the client-side MTM, and (3) copying the message 
from where it is kept (in our case, the outbox) to the client-side MTM 
context. This causes the sending operation to initiate and attempt to 
send out the message selection. 

Finally, "closing" the message means deleting the CSendAs 
object. The definition of Close () is below: 

void TodoXferEmail::Close() 
{ 

delete iSend.As; 
iSend.As = NULL; 

15.6 Receiving Messages 

Applications can work with the messaging system and message 
arrival. While the message server itself handles the actual listening 
and transport functions, applications can register themselves to be 
notified upon message arrival. 

Registration occurs when a connection with the message server 
is established. Recall from Section 15.3 that connecting with the 
message server requires a parameter that is an object of the 
MMsvSessionObserver class. As we said before, this is an 
abstract class that forces classes derived from it to implement a 
single function, shown below: 

void HandleSessionEventL (TMsvSessionEvent aEvent, 
TAny* a .Argl, TAny* aArg2, TAny* aArg3 ) ; 

The message server will call this function from the class object 
passed during the server connection whenever a "message event" 
occurs. A code that signifies which event actually occurred is passed 
in the first parameter and up to three pointers to data areas that 
apply to the message event make up the rest of the function call 's 
parameter list. 
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For example suppose that an application wants to be notified when

it receives SMS messages We might create message server session

as follows

iSession CMsvSession OpenSyncLthiS

This means that the object that made this call must be subclassed

from the MMsvSessjonObserver class Further we must imple
ment the HandleSessionEventL function An example of an

implementation is below

void TodoXferSMS HandleSessionEventL
TMsvSessionEveit aEvent
TAny aArgl TAny aArg2 TAny aArg3

TInt

switch aEvent
case EMsvEntriescreated

// We are only interested in inbox messages
// For this event aArg2 is the parent of

// the created entries
if static CastTMsvIdaArg2

KMsvGloballnBoxlndexEntryld return

// aArgl will be the message selection set

CMsvEntrySelection entries

static castCMsvEntrySelection aArgl
fori entries-Count

DoSomething entries-At

break

default

I/Ignore all other events

break

As we are only interested in new messages we only pay attention

to the EMsvEntresCreated event In addition we are only

interested in new inbox entries so we check to make sure that the

parent folder is the system inbox When we are sure we have new
inbox entry we get list of entry IDs and call the DoSomething
function for each ID in the list

For our example this DoSomething function must vaIl

date that we have an SMS message and then load and process

that message We can define DoS omething as follows
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For example, suppose that an application wants to be notified when 
it receives SMS messages. We might create a message server session 
as follows: 

iSession = CMsvSession::OpenSyncL(*this); 

This means that the object that made this call must be subclassed 
from the MMsvSessionObserver class. Further, we must imple­
ment the HandleSessionEventL () function. An example of an 
implementation is below: 

void TodoXferSMS: :HandleSessionEventL( 
TMsvsessionEvent aEvent, 
TAny* aArgl, TAny* aArg2, TAny* aArg3) 

Tlnt i; 

switch (aEvent) 
case EMsvEntriesCreated: 

//Weare only interested in inbox messages. 
// For this event, aArg2 is the parent of 
// the created entries. 
if (*(static_Cast<TMsvid*>(aArg2)) != 

KMsvGloballnBoxindexEntryid) return; 

// aArgl will be the message selection set 
CMsvEntrySelection* entries= 

static_cast<CMsvEntrySelection*>(aArgl) ; 
for(i = O; i < entries->Count(); i++) { 

DoSomething(entries->At (i)); 

break; 

default: 
//Ignore all other events . 
break; 

As we are only interested in new messages, we only pay attention 
to the EMsvEntriesCreated event. In addition, we are only 
interested in new inbox entries, so we check to make sure that the 
parent folder is the system in box. When we are sure we have a new 
inbox entry, we get a list of entry IDs and call the DoSomething () 
function for each ID in the list. 

For our example, this DoSomething () function must (1) vali­
date that we have an SMS message, and then (2) load and process 
_that message. We can define DoSomething () as follows: • 
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void TodoXferSMS DoSomethingconst TMsvId aEntryld

TInt length
HBufC iMessageData
TPtr messageDataptr

iSmsMtm-SwitchCurrentfntryL aEntryld

// Validate the message as an SMS message
TMsvPartList validationFlags

KMsvMessagePartBody
KMsVMessagePartDescription
KMsvMessagePartOriginator

if i5msMtm-ValidateMessagevalidationFlags
return

iSmsMtm-LoadMessageLO
I/Extract the message and notify the observer

length iSmsMtm-Body .Read0 .Length
iMessageflata HBufC NewLlength
messageDataotr iMessageflata-Des
messageflataPtr.CopyiSmsMtm-Body .Read0

// .. now do something with the message data

After switching to the context of the message we validate the

message through the SMS MTM by checking the message body
the messages date and the messages originator/sender Then we
load the message and extract the message body Finally we do

whatever the application was supposed to do with the message text

through the string pointer messageDataPtr

15.7 More Details on Specific Message Types

15.7.1 Email Messages

Email messages are actually handled by three MTMs in Symbian
OS Incoming messages are retrieved by either the POP3 or the

IMAP4 MTM outgoing messages are handled via the SMTP MTM
The POP3 MTM set is made up of POP3 client-side MTM

class that implements email retrieval class that holds POP3

settings and class that manipulates email entries in the message
structure The client-side MTM CPop3 Cli entMtm implements the

functionality necessary to treat messages as if they were received

using POP3 protocols It is subclassed from both the CBaseMtm and

MEntryObserver classes Because of this all message functions

handle messages as if they are POP3 email messages In addition
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void TodoXferSMS: :DoSomething(const TMsvid &aEntryid) 

Tint length; 
HBufC* iMessageData; 
TPtr messageDataPtr; 

iSmsMtm->SwitchCurrentEntryL(aEntryid); 

// Validate the message as an SMS message 
TMsvPartList validationFlags( 

KMsvMessagePartBody 
KMsvMessagePartDescription 
KMsvMessagePartOriginator); 

if (iSmsMtm->ValidateMessage(validationFlags) • ! 0) 
return; 

iSmsMtm->LoadMessageL(); 
//Extract the message and notify the observer. 
length = iSmsMtm- >Body () . Read ( 0) . Length () - 1; 
iMessageData = HBufC::NewL(length); 
messageDataPtr = iMessageData->Des(); 
messageDataPtr.Copy(iSmsMtm->Body() .Read(0 ) ); 

// ... now do something with the message data 
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After switching to the context of the message, we validate the 
message through the SMS MTM by checking the message body, 
the message's date, and the message's originator/sender. Then we 
load the message and extract the message body .. Finally, we do 
whatever the application was supposed to do with the message text 
through the string pointer messageDataPtr. 

15.7 More Details on Specific Message Types 

15.7.1 Email Messages 

Email messages are actually handled by three MTMs in Symbian 
OS. Incoming messages are retrieved by either the POP3 or the 
IMAP4 MTM; outgoing messages are handled via the SMTP MTM. 

The POP3 MTM set is made up of a POP3 client-side MTM, 
a class that implements email retrieval, a class that holds POP3 
settings, and a class that manipulates email entries in the message 
structure. The client-side MTM, CPop3ClientMtm, implements the 
functionality necessary to treat messages as if they were received 
using POP3 protocols. It is subclassed from both the CBaseMtm and 
MEntryObserver classes. Because of this, all message functions 
handle messages as if they are POP3 email messages. In addition, 
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the MEntryObserver functionality allows this class to respond to

operations on messages from the message server

The POP3 MTM uses the CImPop3GetMail class to retrieve

email from remote host using POP3 It handles connection and

disconnection and treats the remote inbox as if it was just another

folder under the email service The POP3 MTM also uses the

ClmPop3Settings class to hold the settings
for the POP3 protocol

exchange Properties such as the IP address of the remote inbox

server and login name/password for the POP3 protocol are specified

with this class Finally the TMsvEmailEntry class is used by the

POP3 MTM to characterize email messages It is subclassed from

the TMsvEntry class and tailored to specifically address email

messages
The IMAP4 MTM also consists of four components Its client-side

MTM is implemented by the Clmap4ClientMtm class and has

the same properties as the POP3 client-side MTM It tailors the

CBaseMtm functions to specifically address messages retrieved by

IMAP4 It also inherits functions from the MEntryObserver class

so it can handle events that occur to IMAP4 messages The MTM
uses the functionality built into the Clmlmap4GetMa1 class to

retrieve email using the IMAP4 protocol The MTM also uses the

TMsvEmalEntry class to manipulate specific email messages

The SMTP MTM uses the CsmtpClientMtm class as its client-

side MTM This class implements the functionality to send email

via SMTP it handles connection scenarios delivers messages and

manages the protocol There is no implementation for the receipt

of messages via SMTP The SMTP MTM uses the TSmtpProgress

class as callback class to relay progress information Progress

information for SMTP operations includes the current connection

state and the number of messages sent Settings for SMTP messages

and sessions are stored using the ClmSmtpSettings class Manip

ulation of SMTP messagesthat is email messagesis handled

through the TMsvEmailEntry class as with the other protocols

15.7.2 SMS Messages

SMS messages are handled by the SMS MTM which is implemented

by client-side MTM settings class and progress call-back class

The client-side MTM is implemented by the CSMSMtmClient

class This class provides specific support for SMS messages includ

ing operations to access devices service information and the

scheduled sending of SMS messages Progress information can be

obtained via the TSmsProgress class for messaging operations

Progress information includes such things as the type of operation
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the MEntryObserver functionality allows this class to respond to 

operations on messages from the message server. 
The POP3 MTM uses the CimPop3GetMail class to retrieve 

email from a remote host using POP3. It handles connection and 

disconnection and treats the remote inbox as if it was just another 

folder under the email service. The POP3 MTM also uses the 

CimPop3Sett ings class to hold the settings for the POP3 protocol 

exchange. Properties such as the IP address of the remote inbox 

server and login name/password for the POP3 protocol are specified 

with this class. Finally, the TMsvEmailEntry class is used by the 

POP3 MTM to characterize email messages. It is subclassed from 

the TMsvEntry class and tailored to specifically address email 

messages. 
The IMAP4 MTM also consists of four components. Its client-side 

MTM is implemented by the Cimap4ClientMtm class and has 

the same properties as the POP3 client-side MTM. It tailors the 

CBaseMtm functions to specifically address messages retrieved by 

IMAP4. It also inherits functions from the MEntryObserver class, 

so it can handle events that occur to IMAP4 messages. The MTM 

uses the functionality built into the Cimimap4GetMail class to 

retrieve email using the IMAP4 protocol. The MTM also uses the 

TMsvEmailEntry class to manipulate specific email messages. 

The SMTP MTM uses the CSmtpClientMtrn class as its client­

side MTM. This class implements the functionality to send email 

via SMTP; it handles connection scenarios, delivers messages, and 

manages the protocol. There is no implementation for the receipt 

of messages via SMTP. The SMTP MTM uses the TSmtpProgress 

class as a callback class to relay progress information. Progress 

information for SMTP operations includes the current connection 

state and the number of messages sent. Settings for SMTP messages 

and sessions are stored using the CirnSrntpSet tings class. Manip­

ulation of SMTP messages- that is, email messages-is handled 

through the TMsvEmailEntry class as with the other protocols. 

15.7.2 SMS Messages 

SMS messages are handled by the SMS MTM, which is implemented 

by a client-side MTM, a settings class, and a progress call-back class. 

The client-side MTM is implemented by the CSMSMtmClient 

class. This ciass provides specific support for SMS messages, includ­

ing operations to access a device's service information and the 

scheduled sending of SMS messages. Progress information can be 

obtained via the TSrnsProgress class for messaging operations. 

Progress information includes such things as the type of operation 
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and the number of messages processed Settings for SMS messages
and delivery are kept and accessed via the CSmsSettings class

SMS messages are typically handled when they arrive but are

not explicitly retrieved as email messages are Recall the model

for message delivery from Chapter SMS messages are delivered

via the Hpush/ model SMS message receipt is typically done by

system telephony and message servers with received SMS messages

placed in the nbox and any session observers notified as result

15.7.3 Fax Messages

Fax messages are handled by the fax MTM This MTM is made up of

client-side MTM which handles sending and receipt scheduling

along with progress monitoring class and settings class

The fax client-side MTM is implemented by the CFaxMtm
Client class This class implements specific operations for sending
and receiving faxes and works with new or existing connections

Sending faxes means that outgoing messages are rendered into

TIFF images and scheduled for delivery with the telephony server

Received faxes are kept in image format and placed in the message

server inbox While the CFaxMtmClent class is subclassed from

CBaseMtm and MEntryObserver classes some operations are

not appropriate for fax message and are not implemented
Fax message delivery progress is stored and accessed by the

TFaxSessionProgress class Information such as the current

page being transmitted and the remote devices address are acces

sible The MTM settings are accessed via the TMTMFaxSettings
class

15.7.4 BlO Messages

BlO messages are handled by Symbian OS using the familiar MTM
structure The BIO MTM is made up of client-side MTM
properties set class and progress class In addition server-side

MTM is an important component
The client-side MTM is implemented by the CBIOClientMtm

class This class has an interface similar to what we have seen

before with other client-side MTMs and provides specific support

for BIO messages Progress information can be obtained via the

TBioProgress class for messaging operations

The settings for BlO messages must be implemented in special

way BlO messages are specifically bearer independent that is they

assume no transport function While 310 can travel over SMS an

infrared transport could just as easily be used This means that some
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and the number of messages processed. Settings for SMS messages 
and delivery are kept and accessed via the CSmsSet tings class . 

. SMS messages are typically handled when they arrive but are 
not explicitly retrieved as email messages are. (Recall the model 
for message delivery from Chapter 4: SMS messages are delivered 
via the "push" model.) SMS message receipt is typi·cally done by 
system telephony and message servers, with received SMS messages 
placed in the inbox and any session observers notified as a result. 

15.7 .3 Fax Messages 

Fax messages are handled by the fax MTM. This MTM is made up of 
a client-side MTM, which handles sending and receipt scheduling, 
along with a progress monitoring class and a settings class. 

The fax client-side MTM is implemented by the CFaxMtm­

Client class. This class implements specific operations for sending 
and receiving faxes and works with new or existing connections. 
Sending faxes means that outgoing messages are rendered into 
TIFF images and scheduled for delivery with the telephony server. 
Received faxes are kept in image format and placed in the message 
server inbox. While the CFaxMtmClient class is subclassed from 
CBaseMtm and MEntryObserver classes, some operations are 
not appropriate for fax message and are not implemented. 

Fax message delivery progress is stored and accessed by the 
TFaxSessionProgress class. Information such as the current 
page being transmitted and the remote device's address are acces­
sible. The MTM settings are accessed via the TMTMFaxSettings 
class. 

15.7.4 BIO Messages 

BIO messages are handled by Symbian OS using the familiar MTM 
structure. The BIO MTM is made up of a client-side MTM, a 
properties set class, and a progress class. In addition1 a server-side 
MTM is an important component. 

The client-side MTM is implemented by the CBIOClientMtm 
class. This class has an interface similar to what we have seen 
before with other client-side MTMs and provides specific support 
for BIO messages. Progress information can be obtained via the 
TBioProgress class for messaging operations. 

The settings for BIO messages must be implemented in a special 
way. BIO messages are specifically bearer independent, that is, they 
assume no transport function. While BIO can travel over SMS1 an 
infrared transport could just as easily be used. This means that some 
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kind of structure for settings transport information and format must

be built In addition the use of BlO message is very open-ended

For example some messages carry ringtones for phone handsets

and some messages carry WAP files for WAP browser This

structure must be accommodated by the BlO message system This

is complicated by the fact that some BIO settings for specific devices

are typically proprietary

Support for BlO messages and their properties is implemented

through BlO Information Files BIFs and BlO message

database BIFs hold BIO message properties and settings they

can be read or written using the CBiolnfoFileReader and

CBolnfoFleWrter classes These files are constructed by

the manufacturer of each Symbian device Manipulation of the

BlO database is done through the CBlODatabase class Further

analysis of these classes and BIFs are left to the reader

15.8 Summary

In this chapter we have discussed the Symbian OS messaging

framework Since messages vary widely in content but can be

roughly categorized by form this framework has been designed to

be generic enough to handle all forms of messages but to allow

specialization of message handling

We reviewed the components of message and outlined the

structure of message type modules that implement each message

type Message type modules contain information about how to

perform functions such as editing viewing and delivering mes

sage for specific message type We then discussed the message

server the process that manages messaging stores and facilities and

detailed the ways that we interact with the message server to read

and send email We also discussed send-as messaging which

is convenient way to send messages through simple interface

using functions common to all message types We reviewed what

it takes to communicate with the message server and receive

message Finally we reviewed some of the supplied definitions for

preinstalled message types in Symbian OS version 6.1

The next chapter details the HTML and WML content languages

and their related delivery protocols
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kind of structure for settings, transport information, and format must 
be built. In addition, the use of a BIO message is very open-ended. 
For example, some messages carry ringtones for phone handsets 
and some messages carry WAP files for a WAP browser. This 
structure must be accommodated by the BIO message system. This 
is complicated by the fact that some BIO settings for specific devices 
are typically proprietary. 

Support for BIO messages and their properties is implemented 
through BIO Information Files (BIFs) and a BIO message 
database. BIFs hold BIO message properties and settings; they 
can be read or written using the CBioinfoFileReader and 
CBioinfoFileWri ter classes. These files are constructed by 
the manufacturer of each Symbian device. Manipulation of the 
BIO database is done through the CBIODatabase class. Further 
analysis of these classes and BIFs are left to the reader. 

15 .8 Summary 

In this chapter, we have discussed the Symbian OS messaging 
framework. Since messages vary widely in content but can be 
roughly categorized by form, this framework has been designed to 
be generic enough to handle all forms of messages but to allow 
specialization of message handling. 

We reviewed the components of a message and outlined the 
structure of message type modules that implement each message 
type. Message type modules contain information about how to 
perform functions, such as editing, viewing and delivering a mes­
sage for a specific message type. We then discussed the message 
server, the process that manages messaging stores and facilities, and 
detailed the ways that we interact with the message server to read 
and send email. We also discussed "send-as messaging", which 
is a convenient way to send messages through a simple interface, 
using functions common to all message types. We reviewed what 
it takes to communicate with the message server and receive a 
message. Finally, we reviewed some of the supplied definitions for 
preinstalled message types in Symbian OS version 6.1. 

The next chapter details the HTML and WML content languages 
and their related delivery protocols. 
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Browsable Content Technologies

The World Wide Web had an inauspicious beginning In the summer

of 1991 Tim Berners-Lee of CERN released his WWW Program
to the high-energy physics community where it essentially flopped
He wrote up his work and submitted paper describing the Web
to conference in 1991 The paper was promptly rejected Initially

written as way to help his memory the world of linked hypertext

documents took off when Berners-Lee posted an article to the

alt.hypertext newsgroups and some NeXT machine users got

wind of what his idea could really do Now more than ten years

later the Web has seen some wild success and has spawned other

browsable content technologies
In this chapter we will take look at the support that Symbian

OS gives to browsable content technologies specifically HTTP

and its small-display descendant WAP Symbian OS treats HTTP

as member of the TCP/IP protocol family while building new

infrastructure to handle elements of the WAP stack Reviewing HTTP

support reinforces our discussion of the TCP/IP stack examining

WAP support provides good look at how new technology fits

into the Symbian communication architecture

We will begin this chapter by looking at the support for HTTP in

Symbian OS We will then focus the rest of the chapter on WAP and

the support for its suite of protocols in Symbian OS communication

architecture Support for WAP is implemented layer-by-layer and

we will examine each layer

61 HTTP and HTML

To Symbian OS HTTP is an application protocol supported by the

TCP/IP transport infrastructure There is no special handling of the

protocol there is no special class that encapsulates its functionality
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The World Wide Web had an inauspicious beginning. In the summer 
of 1991, Tim Berners-Lee of CERN released his "WWW Program" · 
to the high-energy physics community, where it essentially flopped. 
He wrote up his work and submitted a paper describing the Web 
to a conference in 1991. The paper was promptly rejected. Initially 
written as a way to help his memory, the world of linked hypertext 
documents took off when Berners-Lee posted an article to the 
"alt.hypertext" newsgroups and some NeXT machine users got 
wind of what his idea could really do. Now, more than ten years 
later, the Web has seen some wild success and has spawned other 
"browsable" content technologies. 

In this chapter, we will take a look at the support that Symbian 
OS gives to browsable content technologies, specifically HTTP 
and its small-display descendant WAP. Symbian OS treats HTTP 
as a member of the TCP/IP protocol family while building new 
infrastructure to handle elements of the WAP stack. Reviewing HTTP 
support reinforces our discussion of the TCP/IP stack; examining 
WAP support provides a good look at how a new technology fits 
into the Symbian communication architecture. 

We will begin this chapter by looking at the support for HTTP in 
Symbian OS. We will then focus the rest of the chapter on WAP and 
the support for its su1te of protocols in Symbian OS communication 
architecture. Support for WAP is implemented layer-by-layer, and 
we will examine each layer. 

HTTP and HTML 

To Symbian OS, HTTP is an application protocol supported by the 
TCP/IP transport infrastructure. There is no special handling of the 
protocol; there is no special class that encapsulates its functionality. 
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As TCP-Ievel protocol HTTP requires connected sessions

between the client and the server and an implementation of an

HTTP client assumes error-free reliable transmission of data Recall

from Chapter that HTTP is text-based stateless protocol that ties

simple client request format with response from Web page

server in the form of document typically written in HTML and

packaged as set of MIME objects

The HTTP stack is shown in Figure 16.1 Symbian OS supports

the layers of this stack although not specifically for HTTP The

layers of the HTTP stack have support in various protocol modules

the tcpip.prt module supports the implementation of TCP/IP

There are no specific classes for TCP or IP data packets because

these are handled in theprotocoI module

HTTP

TCP Transmission

Control Protocol

IP Internet Protocol

Link Layer Ethernet

PPP IrLAN

Figure 16.1 Protocol layers that support HTTP

Transport of HTTP is done via sockets and is handled by the

applications that implement the protocol We demonstrated this

type of transport in Chapter 12 with the Web page example

Web pages are documents which are specified marked up
using HTML markup language based on SGML It consists of

generic description of formatting by surrounding text with tags
that describe the formatting that is needed The display of HTML

documents is done by browser application that parses the HTML

from file and renders set of formatted text in document viewer

Since viewing HTML is an application-based activity Symbian OS

assumes applications will do this and has no built-in support for

HTML viewing
In summary the transport of Web-based content is an application

based task that is supported by Symbian OS via existing TCP/IP
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As a TCP-level protocol, HTTP requires connected sessions 

between the client and the server, and an implementation of an 

HTTP client assumes error-free, reliable transmission of data. Recall 

from Chapter 5 that HTTP is a text-based, stateless protocol that ties 

a simple client request format with a response from a Web page 

server in the form of a document typically written in HTML and 

packaged as a set of MIME objects. 
The HTTP stack is shown in Figure 16.1. Symbian OS supports 

the layers of this stack, although not specifically for HTTP. The 

layers of the HTTP stack have support in various protocol modules; 

the tcpip. prt module supports the implementation of TCP/IP. 

There are no specific classes for TCP or IP data packets, because 

these are handled in the-protocol module. 

HTTP 

TCP: Transmission 
Control Protocol 

IP: Internet Protocol 

Link Layer: Ethernet, 
PPP, lrLAN 

Figure 16.1 Protocol layers that support HTTP. 

Transport of HTTP is done via sockets and is handled by the 

applications that implement the protocol. We demonstrated this 

type of transport in Chapter 12 with the Web page example. 

Web pages are documents which are specified ("marked up") 

using HTML, a markup language based on SGML. It consists of a 

generic description of formatting by surrounding text w ith "tags" 

that describe the formatting that is needed. The display of HTML 

documents is done by a browser application that parses the HTML 

from a file and renders a set of formatted text in a document viewer. 

Since viewing HTML is an application-based activity, Symbian OS 

assumes applications will do this and has no built-in support for 

HTML viewing. 
In summary, the transport of Web-based content is an application­

based task that. is supported by Symbian OS via existing TCP/IP 
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implementations The viewing of content is the responsibility of

an application and there is no supporting structure for HTML
rendering

The Web Engine

If you do hit of poking around in the \Symbian\6 1\Quartz\

poc32\Inc1ude files you will notice references to Web

engine There are classes devoted to such an engines implemen
tation and plug-in infrastructure that is built and supported by
header tiles

These classes are supplied 1o support the Web browser that

is supplied with Symbian OS version 6.1 It has plug-in design

that takes OIL modules to view documents of special content

Unfortunately Syrnbian OS does not currently provide supporl

for HTML viewers that can be embedded in applications and GUI

objects

16.2 WAP

While HTTP is supported as TCP/IP application protocol the

WAP suite of protocols poses different problem for Symbian
OS As we discussed in Chapters and see Figure 4.5 for the

WAP stack details WAP content is supported by completely
different protocol stack Therefore an entirely new protocol stack

implementation had to be constructed from the bottom up

16.2.1 Bearers

For WAP suite protocols bearers constitute the very bottom of the

stack transporting data for the upper layers to use The bearer layer

in the WAP stack is analogous to combination of the data link layer

and the physical communication layer in generic ISO stack model

see Figure 2.1 Bearers make up the transport infrastructure that

gets WAP data packets to the WDP layer for processing Examples

of bearer is TCP/IP network others are SMS messages and

CDMA/CDPD cellular transport

Symbian OS supports two bearers TCP/IP and SMS Symbian

OS supports both 7-bit and 8-bit SMS and within these forms
the OS supports browsing messages and non-browsing messages

Figure 16.2 shows the relationships between the supported data

forms Browsing WAP content is an exercise that typically requires
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implementations. The viewing of content is the responsibility of 
an application, and there is no supporting structure for HTML 
rendering. 

16.2 WAP 

While HTTP is supported as a TCP/IP application protocol, the 
WAP suite of protocols poses a different problem for Symbian 
OS. As we discussed in Chapters 4 and 5 (see Figure 4.5 for the 
WAP stack details), WAP content is supported by a completely 
different protocol stack. Therefore, an entirely new protocol stack 
implementation had to be constructed from the bottom up. 

16.2.1 Bearers 

For WAP suite protocols, bearers constitute the very bottom of the 
stack, transporting data for the upper layers to use. The bearer layer 
in the WAP stack is analogous to a combination of the data link layer 
and the physical communication layer in a generic ISO stack model 
(see Figure 2.1 ). Bearers make up the transport infrastructure that 
gets WAP data packets to the WDP layer for processing. Examples 
of a bearer is a TCP/IP network; others are SMS messages, and 
CDMNCDPD cellular transport. 

Symbian OS supports two bearers: TCP/IP and SMS. Symbian 
OS supports both 7-bit and 8-bit SMS and, within these forms, 
the OS supports browsing messages and non-browsing messages. 
Figure 16.2 shows the relationships between the supported data 
forms. Browsing WAP content is an exercise that typically requires 
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Bearers

TCP/IP SMS

7-bit 8-bit/\
non- non-

browsing browsing browsing browsing

Figure 16.2 WAR bearer types

quick access to links and rapid-fire
downloads Browsing WAP/SMS

types of delivery messages have fewer requirements so as not to

slow down the Symbian device with logging and other reporting

activities

It is important to realize here that browsing WAP content is

different than browsing HTTP content HTTP uses pull model

i.e the client opens socket to the server requests information

and the data flows back through the same socket In sense the

client reaches through socket and pulls the information from the

server WAP content is handled differently browsing WAP content

over SMS uses both pull and push model Although an

initial request is sent from the browsing client it is typical that WAP
data will arrive via messages sent from the server to the client The

bearer will determine which type of content delivery is possible

Using TCP/IP network for instance an application could enable

connected pull of WAP data an SMS delivery system would

dictate that connectionless push should be used

16.2.2 WAP Stack Support

Based on experience with transport protocols in Symbian OS one

would guess that support for the WAP stack would take the form of

new socket implementation All of the other transport functions

have been via sockets However support for the WAP stack is

modeled after the socket implementation but is implemented by its

own series of classes analogous to socket types because it needs

to employ both pulling and pushing of data

Figure 6.3 depicts the WAP stack with the classes that imple

ment various portions of it

The WAP session server

WAP session is considered resource that needs protection and

management So in standard fashion Symbian OS uses server to
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Figure 16.2 WAP bearer types. 

quick access to links and rapid-fire downloads. Browsing WAP/SMS 
types of delivery messages have fewer requirements so as not to 

slow down the Symbian device with logging and other reporting 

activities. 
It is important to realize here that browsing WAP content is 

different than browsing HTTP content. HTTP uses a "pull" model, 
i.e., the client opens a socket to the server, requests information, 

and the data flows back through the same socket. In a sense, the 

client reaches through a socket and pulls the information from the 
server. WAP content is handled differently; browsing WAP content 

over SMS uses both a "pull" and a "push" model. Although an 
initial request is sent from the browsing client, it is typical that WAP 

data will arrive via messages sent from the server to the client. The 

bearer will determine which type of content delivery is possible. 

Using a TCP/IP network, for instance, an application could enable 
a connected "pull" of WAP data; an SMS delivery system would 

dictate that a connectionless "push" should be used. 

16.2.2 WAP Stack Support 

Based on experience with transport protocols in Symbian OS, one 
would guess that support for the WAP stack would take the form of 

a new socket implementation. All of the other transport functions 

have been via sockets. However, support for the WAP stack is 

modeled after the socket implementation but is implemented by its 

own series of classes (analogous to socket types),. because it needs 

to employ both pulling and pushing of data. 
Figure 16.3 depicts the WAP stack with the classes that imple­

ment various portions of it. 

The WAP session server 

A WAP session is considered a resource that needs protection and 

management; SQ, in standard fashion, Symbian OS uses a server to 
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WAE Wireless Application Environment

WSP Wireless Session Protocol
RWSPCOConn class and

RWSPCLConn class

WTP Wireless Transaction Protocol RWTPC0nn class

_______________________________________________ base class

RWAPC0nn
WTLS Wireless Transport Layer Security RWTLS class

WDP Wireless Datagram Protocol RWDPConn class

Figure 16.3 Classes implementing the WAP stack

manage the WAP resource This server is analogous to the socket

server an application must first connect to the WAP session server

before creating and opening session across another protocol

layer To avoid confusion with the remote WAP server from which

an application might retrieve WAP content will refer to this server

as the WAP session server

The RWAPServ class encapsulates the implementation of the

WAP session server The class definition is below

class RWAPServ public RSessionBase

public
IMPORT RWAPServ
IMPORT TInt Connect TInt aoefaultMessageSlots

KflefaultMessageSlots
IMPORT void ResourceCountMarkStart
IMPORT void ResourceCountMarkEnd
IMPORT TInt ResourceCount
IMPORT TVersion Version const
IMPORT void CloseO

The main functions here are Connect and Close these open
and terminate WAP server session The Version function will

return the current version of the WAP stack implementation The

remaining functions allow us to derive count of connections to

the WAP server recall that we saw something similar in the SDP

WAP 337 

WAE: Wireless Application Environment 

WSP: Wireless Session Protocol 7 RWSPCOConn class and 
RWSPCLConn class 

WTP: Wireless Transaction Protocol 
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RWAPConn 
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Figure 16.3 Classes implementing the WAP stack. 

RWTPConn class 

RWTLS class 

RWDPConn class 

manage the WAP resource. This server is analogous to the socket 
server; an application must first connect to the WAP session server 
before creating and opening a session across another protocol 
layer. To avoid confusion with the remote WAP server from which 
an application might retrieve WAP content, I will refer to this server 
as the WAP session server. 

The RWAPServ class encapsulates the implementation of the 
\VAP session server. The class definition is below: 

c lass RWAPServ : public RSessionBase 

} ; 

public: 
IMPORT_C RWAPServ(); 
I MPORT_C Tlnt Connect(Tint aDefaultMess ageSlots 

KDefaultMessageS l ots) ; 
IMPORT C void ResourceCountMarkStart() ; 
IMPORT C void ResourceCountMarkEnd(); 
IMPORT C Tlnt ResourceCount(); 
IMPORT C TVersion Version() canst ; 
IMPORT C void Close(); 

The main functions here are Connect () and Close (); these open 
and terminate a WAP server session. The Version () function will 
return the current version of the WAP stack implementation. The 
remaining functions allow us to derive a count of connections to 
the WAP server; recall that we saw something similar in the SOP 
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server implementation for Bluetooth We start counting sessions by

calling ResourceCountMarkStart and we stop counting by

calling ResourceCountMarkEnd Between the two calls we

get the number of sessions using the ResourceCount function

Once session with the WAP session server has been established

we can go on to set up sessions through the other protocol layers

The subsession base class RWAPC0nn

Other class implementations in the WAP support infrastructure

derive definitions from common base class R.WPConn Through

this class some common concepts are implemented Its definition

is below

class RWAPC0nn public RSubSessionBase

public
typedef TTJintl6 TPort

IMPORT virtual TInt CloseO
IMPORT class RWTLS Wtls

IMPORT void GetRemoteAddressTDes8 aAddress TPort

aPort const
IMPORT void GetBearerTBearer aBearer const
IMPORT TInt GetLocalPortTPort aPort const
IMPORT void CancelAllO

protected
TInt OpenRWAPServ aServer

const TDesC8 aRemoteHost
TPort aRemotePort
TPort aLocalPort
TBearer aBearer
TBool aSecureConn
TInt aFunction

This class defines the basics for manipulating protocol sessions

We have Open and Close functions to start and terminate

protocol sessions We use GetRemoteAddress and GetLo
calPort functions to derive the address and port of the remote

partner and local port where the connection is made There is

CancelAll function that terminates and deletes any pending

operations across protocol session

To open WAP protocol session at any level Symbian OS

requires several pieces of information These are all included in

the Open function definition Note that subclasses of RWAPC0nn
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server implementation for Bluetooth. We start counting sessions by 
calling ResourceCountMarkStart (), and we stop counting by 
calling ResourceCountMarkEnd (). Between the two calls, we 
get the number of sessions using the ResourceCount () function. 

Once a session with the WAP session server has been established, 
we can go on to set up sessions through the other protocol layers. 

The subsession base class: RWAPConn 

Other class implementations in the WAP support infrastructure 
derive definitions from a common base class: RWPConn. Through 
this class, some common concepts are implemented. Its definition 
is below: 

class RWAPConn public RSubSessionBase 

public: 
typedef TUintl6 TPort; 

IMPORT C virtual Tint Close () ; 
IMPORT C class RWTLS Wt l s(); 

IMPORT_ C v o i d GetRemot eAddre s s(TDesB &aAddress, TPort 
&aPort ) c anst; 

IMPORT C void GetBearer (TBearer &aBearer ) const; 
I MPORT C Tint GetLocal Port(TPort &aPort ) const ; 
IMPORT C void Can celAll (); 

protecte d: 
Tint Open(RWAPServ &aServer, 

canst TDesCB &aRemoteHos t , 
TPort aRemotePort, 
TPort aLocalPort , 
TBearer aBearer , 
TBool aSecureConn, 
Tint aFunction); 

This class defines the basics for manipulati ng protocol sessions. 
We have Open () and Close () functions to start and terminate 
protocol sessions. We use GetRemoteAddress () and GetLo ­

cal Port ( ) func,tions to derive the address and port of the remote 
partner and loca l port where the connection is made. There is a 
CancelAll () function that terminates and deletes any pending 
operations across a protocol session. 

To open a WAP protocol session at any level, Symbian OS 
requires several pieces of information. These are all included in 
the Open () function definition. Note that subclasses of RWAPConn 
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will overload this class definition for their own use However this

definition contains all the information an Open call needs

the WAP session server to use to open the port

the address and port number of the remote service to which the

protocol session is connecting

the bearer the system is to use to make the connection

whether or not this is to be secure connection

If the connection is to be secure the WTLS layer is created handle

to this layer can be retrieved by the Wtls function call

From this base class definition one can appreciate how closely

the socket model has been followed Protocol sessions are opened
and closed like sockets there are concepts of remote addresses and

ports to connect to we have the notion of canceling draining I/O

operations before we close up There are some differences here

namely the idea of bearers and the optional use of security layer

in the protocol stack

Implementing the WDP layer

The WDP layer lies just above the bearer layer and provides

general datagram transport service needed by upper layers in the

stack Its implementation is via the RWDPC0nn class The definition

is below

class RWOPConn public RWAPConn

public
IMPORT_C TInt Open RWAPOerv aServer

const TDesC8 aRemoteHost
TPort aRemoteport
TPort aLocalport
TBearer aBearer // an enum

TBool aSecureConn
IMPORT TInt OpenRWAPServ aServer

TPort aLocalPort

IMPORT void RecvTDes8 aRemoteAddress
TPckgTPort aRemotePort
TDes8 aBuffer
TRequestStatus aStatus

IMPORT void CancelRecv
IMPORT TInt Sendconst TDesC8 aBufter
IMPORT TInt SendToconst TDesC8 aRemoteAddress

TPort aRemotePort
const TDesC8 aBuffer
Tbearer aBearer
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will overload this class definition for their own use. However, this 
definition contains all the information an Open () call needs: 

• the WAP session server to use to open the port 

• the address and port number of the remote service to which the 
protocol session is connecting 

• the bearer the system is to use to make the connection 

• whether or not this is to be a secure connection 

If the connection is to be secure, the WTLS layer is created; a handle 
to this layer can be retrieved by the Wtls () function call. 

From this base class definition, one can appreciate how closely 
the socket model has been followed. Protocol sessions are opened 
and closed like sockets, there are concepts of remote addresses and 
ports to connect to, we have the notion of canceling (draining) 1/0 
operations before we close up. There are some differences here, 
namely, the idea of bearers and the optional use of a security layer 
in the protocol stack. 

Implementing the WOP layer 

The WDP layer lies just above the bearer layer and provides a 
general datagram transport service needed by upper layers in the 
stack. Its implementation is via the RWDPConn class. The definition 
is below: 

class RWDPCann public RWAPCann 

public: 
IMPORT_C Tint Open(RWAPServ &aServer, 

canst TDesC8 &aRemateHast, 
TPart aRematePart, 
TPart aLacalPart, 
TBearer aBearer, II an enum 
TBaal aSecureCann); 

IMPORT_C Tint Open(RWAPServ &aServer, 
TPart aLacalPart); 

IMPORT_C void Recv(TDes8 &aRemoteAddress, 
TPckg<TPort> &aRematePart, 
TDes8 &aBuffer, 
TRequestStatus &aStatus); 

IMPORT C void CancelRecv(); 
IMPORT_C Tint Send(const TDesC8 &aBuffer); 
IMPORT C Tint SendTa(const TDesC8 &aRemateAddress, 

TPort aRemotePart, 
canst TDesC8 &aBuffer, 
TBearer aBearer) ; 
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IMPORT void RecvSize
TPckgTUintl6 aflataSize

TRequestStatus aStatus

First notice that there are two versions of the Open function fully

and not fully specified The fully specified Open can be used

with the Send function because the information was supplied

with the Open function the Send function does not need

destination information The minimal Open function is paired

with the SendTo function which needs more information about

the datagram destination Note that the SendTo function can be

used for multiple destinations whereas the Send function sends

data to only one destination

To receive datagram we need to use the second version of the

Open function The Recv function will accept data but must

specify from where the data is coming The RecvSize function

waits for data of specific length and immediately returns without

performing I/O allowing that data to be picked up by the Recv

function

Finally note that the sending functions are synchronous and

the receiving functions are asynchronous The Recv function is

paired with CancelRecv as receive operation cancellation

function

The RWDPC0nn class is used when sending WAP datagrams This

is not typically done most WAP content is sent using WSP sessions

Implementing the WSP layer

The WSP layer is implemented via two different classes Like sockets

at the TCP layers WSP sessions can be connection less or connected

connectionless WSP session is suitable for the delivery of content

requests and for the receipt of single response connected WSP
session is suitable for request and delivery over an error-free reliable

connection These session types are analogous to connectionless

and connected sockets The biggest difference is that both WSP
connection types must be made to accommodate both the push and

pull models of data delivery

Connectionless WSP sessions connectionless WSP session is

implemented by the RWSPCLC0nn class will break this class

definition up bit as we describe the class

The Open function is used to open connectionless WSP

session
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IMPORT C void RecvSize( 

TPckg<TUintl6> &aDataSize, 
TRequestStatus &aStatus); 

First notice that there are two versions of the Open () function: fully 

and not fully specified. The fully specified Open () can be used 

with the Send () function; because the information was supplied 

with the Open () function, the Send () function does not need 

destination information. The minimal Open () function is paired 
with the SendTo () function, which needs more information about 

the datagram destination. Note that the SendTo () function can be 

used for multiple destincJ,tions, whereas the Send () function sends 

data to only one destination. 
To receive a datagram, we need to use the second version of the 

Open () function. The Recv () function will accept data but must 

specify from where the data is coming. The Recvsize () function 
waits for data of a specific length and immediately returns without 

performing 1/0, allowing that data to be picked up by the Recv () 

function. 
Finally, note that the sending functions are synchronous, and 

the receiving functions are asynchronous. The Recv () function is 
paired with a CancelRecv () as a receive operation cancellation 

function. 
The RWDPConn class is used when sending WAP datagrams. This 

is not typically done; most WAP content is sent using WSP sessions. 

Implementing the WSP layer 

The WSP layer is implemented via two different classes. Like sockets 

at the TCP layers, WSP sessions can be connectionless or connected. 

Aconnectionless WSP session is suitable for the delivery of content 

requests and for the receipt of a single response. A connected WSP 

session is suitable for request and delivery over an error-free, reliable 

connection. These session types are analogous to connectionless 

and connected sockets. The biggest difference is that both WSP 

connection types must be made to accommodate .both the push and 

pull models of data delivery. 

Connectionless WSP sessions A connectionless WSP session is 

implemented by the -RWSPCLConn ciass. I will break this class 

definition up a bit as we describe the class. 
The Open () function is used to open a connectionless WSP 

sessi_on: 
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IMPORT TInt OpenRWAPServ aServer
const TDesCB aRemoteHost
TPort aRemotePort
TPort aLocalport
TBearer aBearer
TBooi aSecureConn

IMPORT TInt OpenRWAPServ aServer TPort aLocaiPort

As with the RWDPConn class there are two versions of Open
The first fully specifies both endpoints of the connection the second

specifies only the local endpoint
To use the pull approach to collecting content we use the

Unitlnvoke and UnitWaitResults functions below

IMPORT TInt tJnitlnvokeTFunction aFunction
const TDesC aURI
const TDesC8 aBody
const TDesC8 alleaders
TTransID aID

IMPORT void TJnitWaitResultTDes8 aBody
TDes8 aHeaders
TTransID aID
TWSPStatus aWSPStatus
TRequestStatus aRequestStatus

IMPORT void CanceiUnitWaitResu1t

IMPORT TInt ljnitWaitResuitTDes8 aBody
TDesB aHeaders
TTransID aID
TWSPStatus aWSPStatus

These functions come in synchronous and asynchronous versions

with the asynchronous version accompanied by the appropriate

cancellation function The Unitlnvoke function works like

GET command for HTTP i.e it opens connection to remote WAP
server and sends both WAR headers and an optional content body
In the above definition the aURI parameter specifies the destination

as an RI and the body and WAR headers are sent as strings The

return of the function will fill in the aID variable The response

from this initial request is received using the UnitwaitResult
function This function returns the body and WAR headers from

the remote servers response The aID value must match the initial

requests ID and the status of the response is filled in when the data

is valid

To wait for data to be pushed to device an application should

use UnitwaitPush function

IMPORT void t3nitWaitPushTDes8 aBody
TDes8 aHeaders

WAP 

IMPORT C Tint Open (RWAPServ &aServer, 
canst TDesCB &aRemoteHost, 
TPort aRemotePort, 
TPort aLocalPort, 
TBearer aBearer, 
TBool aSecureConn); 
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IMPORT_C Tint Open (RWAPServ &aServer , TPort aLocalPort ) ; 

As with the RWDPConn class, there are two versions of Open () . 

The first fully specifies both endpoints of the connection; the second 
specifies only the local endpoint. 

To use the pull approach to collecting content, we use the 
Unitinvoke () and UnitWaitResults () functions below: 

IMPORT_C Tint Unitinvoke(TFunction aFunction, 
canst TDesC &aURI , 
const TDesCB &aBody, 
canst TDesCB &aHeaders, 
TTransID aID ) ; 

IMPORT C void UnitWaitResult(TDesB &aBody, 
TDesB &aHeaders, 
TTransID &aID, 
TWSPStatus &aWSPSt atus, 
TRequestStatus &aRequestStatus); 

IMPORT_C void CancelUnitWaitResult () ; 

IMPORT C Tint UnitWaitResult (TDesB &aBody, 
TDesB &aHeade rs, 
TTransID &aID, 
TWSPStatus &aWSPStatus ) ; 

These functions come in synchronous and asynchronous versions, 
with the asynchronous version accompanied by the appropriate 
cancellation function. The Uni tinvoke () function works like a 
GET command for HTTP, i.e., it opens a connection to a remote WAP 
server and sends both WAP headers and an optional content body. 
In the above definition, the aURI parameter specifies the destination 
(as an URI), and the body and WAP headers are sent as strings. The 
return of the function will fill in the aID variable. The response 
from this initial request is received using the Uni tWai tResul t () 
function. This function returns the body and WAP headers from 
the remote server's response. The aID value must match the initial 
request's ID, and the status of the response is filled in when the data 
is valid. 

To wait for data to be pushed to a device, an application should 
use a Uni twai tPush () function: 

IMPORT_C void UnitWaitPush (TDesB &aBody , 
TDesB &aHeaders, 
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TPuehID aID
TRequestStatUs aStatus

IMPORT void CancelunitWaitPush

IMPORT TInt LlnitwaitPushTDes8 aBody
TDes8 aHeaders
TPushID aID

Again this comes in two versionssynchronous and asynch

ronousand cancellation function is provided for the asyn

chronous version When called these functions wait for data to be

pushed to the device Upon their return the body and WAP headers

are filled in along with an ID to identify the data
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II tb $ynbiaii tz\4ad rçIk
içok up the dfInittons cits .rss1P
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Connected WSP sessions connected WSP session is imple

mented by the RWSPCOC0nn class As before opening session is

done with the Open function

IMPORT TInt OpenRWAPServ aServer
const TDesC8 aRemoteHcst
TPort aRemotePort
TPort aLocalPort
TBearer aBearer
TRod agecureConn

There is only one version of open the fully specified version

Like connected sockets connected WTP sessions maintain reli

able connection over multiple data exchanges So specific target

endpoint is required in the call

Once created with Open WTP session isconnected to and

disconnected from its endpoint using the following functions

IMPORT TInt Connect const TDesC8 aClientHeaders
class CCapCodec aCap

IMPORT TInt Disconnect

The Connect function includes headers that are sent to the

remote WAP server to set up the connected session and an optional
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TPushID &aID, 
TRequestStatus &aStatus) ; 

IMPORT_C void CancelUnitWaitPush(); 
IMPORT_C Tint UnitWaitPush(TDes8 &aBody, 

TDes8 &aHeaders, 
TPushID &aID); 

Again, this comes in two versions-synchronous and asynch­

ronous-and a cancellation function is provided for the asyn­
chronous version. When called, these functions wait for data to be 

pushed to the device. Upon their return, the body and WAP headers 

are filled in, along with an ID to identify the data. 

Connected WSP sessions A connected WSP session is imple­

mented by the RWSPCOConn class. As before, opening a session is 
done with the Open () function: 

IMPORT_C Tint Open( RWAPServ &aServer, 

const TDesCB &aRemoteHost, 
TPort aRemotePort, 
TPort aLocalPort, 
TBearer aBearer, 
TBool aSecureConn) ; 

There is only one version of Open ()-the fully specified version. 

Like connected sockets, connected WTP sessions maintain a reli­
able connection over multiple data exchanges. So a specific target 

endpoint is required in the call. 
Once created with Open (), a WTP session is connected to and 

disconnected from its endpoint using the following functions: 

IMPORT C Tint Connect(const TDesC8 &aCli entHeaders, 

c l ass CCapCodec * aCap = 0); 

I MPORT C Tint Disconnect(); 

The Connect () function includes headers that are sent to the 

remote WAP seryer to set up the connected session and an optional 
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set of capabilities through codec codec is software

module that compresses data for transport and decompresses the

data upon receipt the name codec corresponds to compres
sor/decompressor This CCapCodec structure includes properties

that characterize the connection session including the size of data

packets size of buffers for sending and receiving prOtocol options
and the like

The data exchange for connected session is initiated by the

following function

IMPORT TInt CreateTransactionTFunction aFunction
const TDesC atJRI
const TDesC8 aHeaders
const TDesCB aBody
RWSPCOTrans aTrans

The parameters for this call are similar to those used with Unit
Invoke functions for connectionless sessions but there is some
additional data description of the type of request that is being

made must be provided in the aFunct ion variable and an RWSP
COTrans object is returned This latter object allows much more

control over connected session than mere ID would

Rather than the simple send/receive sequence that comprises
connectionless session connected session is characterized by
series of events milestones in the exchange of data between both

sides These events drive connected session The GetEvent

function obtains the next event for processing

IMPORT TInt GetEventTEvent aEvent
RWSPCOTrans aTrans const

IMPORT void GetEventTEvent aEvent
RWSPCOTrans aTrans
TRequeststatus aStatus const

IMPORT void CancelGetEventO

As usual this type of function comes in synchronous and asyn
chronous versions with the appropriate cancellation function

Sometimes several events are pending if this is the case the number

of events can be obtained through the following function

IMPORT TInt GetNrOfEventsTtlint aNrOfEvents const

Once an event has arrived that has data attached to it that data can

be retrieved through the following function

IMPORT TInt GetSessionDataTDes8 aflata
TSessionflataType aType const
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set of "capabilities" through a codec. A codec is a software 
module that compresses data for transport and decompresses the 
data upon receipt (the name "codec" corresponds to " compres­
sor/decompressor"). This CCapCodec structure i ndudes properties 
that characterize the connection session, including the size of data 
packets, size of buffers for sending and receiving, protocol options, 
and the like. 

The data exchange for a connected session is initiated by the 
following function: 

I MPORT_C Tint CreateTransaction (TFunction aFunct ion, 
const TDesC &aURI, 
const TDesC8 &aHeaders, 
const TDesC8 &aBody, 
RWSPCOTran s &aTrans); 

The parameters for this call are similar to those used with Unit­
Invoke () functions for connectionless sessions, but there is some 
additional data: a description of the type of request that is being 
made must be provided in the aFunction variable), and an RWSP­
COTrans object is returned. This latter object allows much more 
control over a connected session than a mere ID would. 

Rather than the simple send/receive sequence that comprises a 
connectionless session, a connected session is characterized by a 
series of events, milestones in the exchange of data between both 
sides. These events drive a connected session. The GetEvent ( ) 
function obtains the next event for processing: 

IMPORT_C Tint GetEvent (TEvent &aEvent, 
RWSPCOTrans &aTrans ) canst; 

IMPORT_C void GetEvent(TEvent &aEvent , 
RWSPCOTrans &aTrans, 
TRequestStatus &aStatus ) cans t ; 

IMPORT_C void CancelGetEvent(); 

As usual, this type of function comes in synchronous and asyn­
chronous versions, with the appropriate cancellation function. 
Sometimes several events are pending; if this is the case, the number 
of events can be obtained through the following function: 

I MPORT_C Ti nt GetNrOfEvents(TUint &aNrOfEvents) canst ; 

Once an event has arrived that has data attached to it, that data can 
be retrieved through the following function: 

IMPORT_C Tint GetSessionData(TDes8 &aData , 
TSessionDataType aType) canst; 
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This data is returned in generic buffer and the type of the data is

available as well

Given the above functions the usual sequence for processing

connected session is as follows

Open session to specific endpoint

Connect the session through to the endpoint setting the proper
ties as necessary

Initiate transaction with WAP headers and message content

Process events as they occur exchanging data where necessary
This is much like processing connection states in an active object

and may involve sending more data to the remote server

Close the session when the exchange is complete

Several other operations are possible on connected sessions These

include suspending and resuming sessions switching session bear

ers and obtaining information about session progress

Theres More Here

There are many definitions for connected WSP sessions that we

did not elaborate on Look up the definition to the RWSPCOTrans
class Also the TEvent class and the TBearer class while

applicable to more than RSPCOC0nn objects make lot of sense

in this context recommend that you review them here

Other WA layers

Between the WDP and WSP layers two other layers exist as support

infrastructure As applications using WAP content rarely manip
ulate these layers will not elaborate on them However for

completeness they should be mentioned

The WTP layer is implemented by the RWTPC0nn class This

layer ensures the reliability necessary to support the WSP layer

Because of this the definition of the class includes functions to

initiate and acknowledge data packets that comprise upper layer

sessions and functions to discover errors and gracefully recover from

them In addition this layer has the only Read and Write in

the stack implementation indicating that it is in charge of the basic

I/O operations for sessions

The WTLS layer sitting between the datagram delivery layers

and the transaction layer implements secure data encryption and

provides an interface for managing secure connections This layer is
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This data is returned in a generic buffer, and the type of the data is 
available as well. 

Given the above functions, the usual sequence for processing a 
connected session is as follows: 

• Open a session to a specific endpoint. 

• Connect the session through to the endpoint, setting the proper­
ties as necessary. 

• Initiate a transaction with WAP headers and message content. 

• Process events as they occur, exchanging data where necessary. 
This is much like processing connection states in an active object 
and may involve sending more data to the remote server. 

• Close the session when the exchange is complete. 

Several other operations are possible on connected sessions. These 
include suspending and resuming sessions, switching session bear­
ers, and obtaining information about session progress. 

Other WAP layers 

Between the WDP and WSP layers, two other layers exist as support 
infrastructure. As applications using WAP content rarely manip­
ulate these layers, I will not elaborate on them. However, for 
completeness, they should be mentioned. 

The WTP layer is implemented by the RWTPConn class. This 
layer ensures the reliability necessary to support the WSP layer. 
Because of this, the definition of the class includes functions to 
initiate and acknowledge data packets that comprise upper layer 
sessions and functions to discover errors and gracefully recover from 
them. In addition, this layer has the only Read () and Write () in 
the stack implementation, indicating that it is iri charge of the basic 
1/0 operations for sessions. 

The WTLS layer, sitting between the datagram delivery layers 
and the transaction layer, implements secure data encryption and 
provides an interface for managing secure connections. This layer is 
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implemented by the RWTLS class To maintain secure connections

this layer implements functions that engage in negotiation with the

remote side to provide authentication and to exchange encryption

keys and algorithm specifications It uses certificates implemented

by the RCertificate class to verify the identity and keys of

remote servers It then encrypts each transaction that goes through

the WAP session server Note that the WAP session server has

RWTLS class that it uses in its operation This can be null if no

security is desired

certificates

certificates are used by the WAP security layer as way to

identify remote servers and to obtain their encryption keys
certificate is digital document that vouches for the computer

system It guarantees that the server is what it says it is and

ensures that it is not an imposter trying to spoof its way in to hack

at security Certificates are typically issued by servers run by third

parties that are assumed to be truthful and secure themselves

certificates are issued by these third parties and maintained by
each individual device or server Certificates can he verified by

contacting the issuer

The class that implements certificate information is the

R.Certificate class You can find this definition in the file

\Symbian\6 1\Quartz\Epoc32\include\wapcli .h

16.2.3 Viewing WAP Content

Once the WAP content has been obtained it must still be displayed
Like HTML Symbian OS provides no architectural support for

WML content viewing Version 6.1 comes with WAP viewer
and there is WAP engine support but there is no support for an

embedded viewing of WML contents An application is responsible

for displaying the WAP contents and abiding by WAP properties

16.3 Summary

This chapter has overviewed the support Symbian OS gives to brows

able content technologies specifically HTTP/HTML and WAP
HTTP is considered an application protocol that is supported by

TCP/IP as such it is not supported in specific way by Symbian

OS WAP however is new technology with its own protocol
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implemented by the RWTLS class. To maintain secure connections, 
this layer implements functions that engage in negotiation with the 
remote side to provide authentication and to exchange encryption 
keys and algorithm specifications. It uses certificates (implemented 
by the RCertificate class) to verify the identity and keys of 
remote servers. It then encrypts each transaction that goes through 
the WAP session server. Note that the WAP session server has a 
RWTLS class that it uses in its operation. This can be null if no 
security is desired. 

16.2.3 Viewing WAP Content 

Once the WAP content has been obtained, it must stil I be displayed. 
Like HTML, Symbian OS provides no architectural support for 
WML content viewing. Version 6.1 comes with a WAP viewer, 
and there is WAP engine support, but there is no support for an 
embedded viewing of WML contents. An application is responsible 
for displaying the WAP contents and abiding by WAP properties. 

16.3 Summary 

This chapter has overviewed the support Symbian OS gives to brows­
able content technologies, specifically HTTP/HTML and WAP. 
HTTP is considered an application protocol that is supported by 
TCP/IP; as such, it is not supported in a specific way by Symbian 
OS. WAP, however, is a new technology with its own protocol 



346 BROWSABLE CONTENT TECHNOLOGIES

implementations and Symbian OS includes complete implemen

tation of the WAP stack In both content situations viewing the

content is left to the application to implement no support such as

embeddable viewers is implemented in Symbian OS
This chapter concludes the programming section of this book

In this past section we have looked at how to communicate using

symbian devices over IrDA through sockets over Bluetooth and

TCP/IP through telephony and messaging technologies We have

also seen how symbian 05 supports Web via HTTP and HTML
and WAP through the WAP stack and WML technologies Thats

wide range of possibilities for communication

We have three more chapters to go contained in the Mis
cellaneous Topics section We will begin in the next chapter by

examining the needs and supportfor device and PC synchronization

346 BROWSABLE CONTENT TECHNOLOGIES 

implementations, and Symbian OS includes a complete implemen­

tation of the WAP stack. In both content situations, viewing the 

. content is left to the application to implement; no support, such as 

embeddable viewers, is implemented in Symbian OS. 

This chapter concludes the programming section of this book. 

In this past section, we have looked at how to communicate using 

Symbian devices over lrDA, through sockets, over Bluetooth and 

TCP/IP, through telephony and messaging technologies. We have 

also seen how Symbian OS supports Web (via HTTP and HTML) 

and WAP (through the WAP stack and WML) technologies. That's a 

wide range of possibilities for communication! 
We have three more chapters to go, contained in the "Mis­

cellaneous Topics" section. We will begin in the next chapter by 

examining the needs and support for device and PC synchronization. 
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Synchronization PLP and SyncML

In Websters dictionary one of the definitions given for the word

synchronize is to arrange events to indicate coincidence or

coexistence This definition is very appropriate for the material

in this chapter The synchronization of devices is the process

that arranges data objects to indicate their coincidence on both

devices Implementation of device synchronization is black box

to most people We know the precondition for synchronization

i.e that files and information might not be coincident and the

postcondition for synchronization i.e that files and information are

indeed coincident What happens between those two conditions

has been somewhat of mystery
This chapter attempts to unravel this mystery to some extent We

will look at synchronization in general and then concentrate on how

the Symbian OS does synchronization We will look at Psion Link

Protocol PLP as the protocol currently used for synchronization
and we will examine new method of synchronizing devices

ri SyncML PLP represents Symbians entry in the collection of

proprietary protocols that are used for this task SyncML represents

the first attempt to standardize protocols for synchronization across

devices and operating system manufacturers

We will overview synchronization mechanics first Once we
understand the issues we will look at some of the attempts in the

industry and by Symbian to implement synchronization We will

then finish the chapter by focusing on PLP and SyncML

17.1 Synchronization Mechanics

17.1.1 The Basics

The basic process of synchronization is easy to understand Lets

itemize this process
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In Webster's dictionary, one of the definitions given for the word 
synchronize is "to ... arrange (events) to indicate coincidence or 
coexistence". This definition is very appropriate for the material 
in this chapter. The synchronization of devices is the process 
that arranges data objects to "indicate their coincidence" on both 
devices. Implementation of device synchronization is a black box 
to most people. We know the precondition for synchronization 
(i.e., that files and information might not be coincident) and the 
postcondition for synchronization (i .e., that files and information are 
indeed coincident). What happens between those two conditions 
has been somewhat of a mystery. 

This chapter attempts to unravel this mystery to some extent. We 
will look at synchronization in general, and then concentrate on how 
the Symbian OS does synchronization. We will look at Psion Link 
Protocol (PLP) as the protocol currently used for synchronization, 
and we will examine a new method of synchronizing devices 
in SyncML. PLP represents Symbian's entry in the collection of 
proprietary protocols that are used for this task; SyncML represents 
the first attempt to standardize protocols for synchronization across 
devices and operating system manufacturers. 

We will overview synchronization mechanics first. Once we 
understand the issues, we will look at some of the attempts in the 
industry and by Symbian to implement synchronization. We will 
then finish the chapter by focusing on PLP and SyncML. 

17 .1 Synchronization Mechanics 

1 7 .1 . l The Basics 
The basic process of synchronization is easy to understand. Let's 
itemize this process: 
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Configuration phase Before we synchronize devices we need

to define what gets synchronized Referring to our Websters

definition we need to know what data have to be arranged

and coincident between the devices typical collection of

information that is synchronized might be one that consists of

calendar information to-do list items email and other messages

and contact information

Synchronization phase This phase is the one that is repeated

constantly to make sure devices are in sync Two devices are

connected somehow and applications are started on each one

to facilitate the trading of data according to the configuration

settings Once the data objects have been arranged so that they

are coincident the two devices can bedisconnected

There are some aspects of synchronization that make it unique

process distinguished from other data exchange processes e.g

simple file transfer First synchronization is typically automatic

using the preset configuration to drive the exchange of data When
ever the process is started the same preconfigured series of steps

is executed Second it often involves data format conversion For

example to synchronize Agenda data on Symbian OS device

with calendar application on desktop computer the Agenda

data must be converted to file of known format say Microsoft

Outlooks format for calendar entries That file must then be trans

ferred to the desktop computer and converted into the format of

the calendar application Only then can each calendar entry be

examined to see if it needs to be added to the calendar data set

Finally in synchronization exchange between two devices both

devices act as server and client Requests for data are made by both

sides and both sides service data requests and send information

back to the requestor

17.1.2 Data Objects Files and Timestamps

Data objects are the items that are being transferred between the

devices to be made coincident It cannot be assumed that these

items exist in form that can be compared at any time As stated

above file conversion may have to take place before information

can be synchronized
Note that information is synchronized but files are the way that

information is exchanged The issue here is granularity which is

what the level of detail of synchronization is called While files are

exchanged relatively coarse synchronization granularity it is the

individual entries within the files with which we are concerned fine

granLilarity
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• Configuration phase: Before we synchronize devices, we need 

to define what gets synchronized. Referring to our Webster's 

definition, we need to know what data have to be arranged 

and coincident between the devices. A typical collection of 

information that is synchronized might be one that consists of 

calendar information, to-do list items, email and other messages, 

and contact information. 

• Synchronization phase: This phase is the one that is repeated 

constantly to make sure devices are in sync. Two devices are 

connected somehow, and applications are started on each one 

to facilitate the trading of data according to the configuration 

settings. Once the data objects have been arranged so that they 

are coincident, the two devices can be disconnected. 

There are some aspects of synchronization that make it a unique 

process, distinguished from other data exchange processes (e.g., 

simple file transfer). First, synchronization is typically automatic, 

using the preset configuration to drive the exchange of data. When­

ever the process is started, the same preconfigured series of steps 

is executed. Second, it often involves data format conversion. For 

example, to synchronize Agenda data on a Symbian OS device 

with a calendar application on a desktop computer, the Agenda 

data must be converted to a file of known format, say, Microsoft 

Outlook's format for calendar entries. That file must then be trans­

ferred to the desktop computer and converted into the format of 

the calendar application. Only then can each calendar entry be 

examined to see if it needs to be added to the calendar data set. 

Finally, in a synchronization exchange between two devices, both 

devices act as server and client. Requests for data are made by both 

sides, and both sides service data requests and send information 

back to the requestor. 

17 .1.2 Data Objects, Files, and Timestamps 

Data objects are the items that are being transferred between the 

devices to be made coincident. It cannot be assumed that these 

items exist in a form that can be compared at any time. As stated 

above, file conversion may have to take place before information 

can be synchronized. 
Note that information is synchronized, but files are the way that 

information is exchanged. The issue here is granularity, which is 

what the level of detail of synchronization is called. While files are 

exchanged (relatively coarse synchronization granularity), it is the 

individual entries within the files with which we are concerned (fine 

granularity). 
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One of the ways either side knows to synchronize information

is by its timestamp Differing timestamps in files are telltale signs

that those files need to be synchronized This is not however

simple copying of one file to replace another Entries in each

file are typically compared and the information the files represent

is merged together That merged information is then sent to both

devices as files to be installed as the new synchronized information

17.1.3 Communication Media

Any form of communication media that can be used to transfer data

can be used to synchronize devices As long as the medium enables

bi-directional exchange it is usable medium

The choice of synchronization media has history Early attempts

at synchronization used serial cabled communication as medium

This usage was expanded to include serial 1k communication

because the IR medium still worked as serial medium As com
mun ication between devices was standardized synchronization

processes were also modularized to run over any communication

medium that the two devices involved mutually supported For

example many devices synchronize over USB connections using

the same synchronization protocol implementations as they would

for serial or network connections

For most of their history Symbian OS devices have used serial

media Most still do As we will see with the support developed for

SyncML the possibilities for synchronization media have expanded

greatly

17.1.4 Protocol Requirements

Many exchange protocols have been developed over the history

of synchronizing devices As these protocols have been designed
there has been set of requirements developed that they try to

satisfy

The protocol must implement remote file handling synchro
nization client will need to browse the filesystem of the server It

may want to open files on the server and make the server read the

contents bringing data back to the client

Implementations usually need to go beyond the mere copy

ing of files Extended functionality can include remote command
execution and software package installation It typically includes

conditional copying or installation based on timestamp comparison
of source and destination objects

The protocol must implement reliability and robust error recov

ery This means that the protocol will likely be specified in layers
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One of the ways either side knows to synchronize information 
is by its timestamp. Differing timestamps in files are telltale signs 
that those files need to be synchronized. This is not, however, 
a simple copying of one file to replace another. Entries in each 
file are typically compared, and the information the files represent 
is merged together. That merged information is then sent to both 
devices as files to be installed as the new, synchronized information. 

17 .1 .3 Communication Media 

Any form of communication media that can be used to transfer data 
can be used to synchronize devices. As long as the medium enables 
bi-directional exchange, it is a usable medium. 

The choice of synchronization media has a history. Early attempts 
at synchronization used serial cabled communication as a medium; 
This usage was expanded to include serial IR communication 
because the IR medium still worked as a serial medium. As com­
munication, between devices was standardized, synchronization 
processes were also modularized to run over any communication 
medium that the two devices involved mutually supported. For 
example, many devices synchronize over USB connections using 
the same synchronization protocol implementations as they would 
for serial or network connections. 

For most of their history, Symbian OS devices have used serial 
media. Most still do. As we will see, with the support developed for 
SyncML, the possib11ities for synchronization media have expanded 
greatly. 

17 .1.4 Protocol Requirements 

Many exchange protocols have been developed over the history 
of synchronizing devices. As these protocols have been designed, 
there has been a set of requirements developed that they try to 
satisfy. 

The protocol must implement remote file handling. A synchro­
nization client will need to browse the filesystem of the server. It 
may want to open files on the server and make the server read the 
contents, bringing data back to the client. 

Implementations usually need to go beyond the mere copy­
ing of files. Extended functionality can include remote command 
execution and software package installation. It typically includes 
conditional copying or installation, based on timestamp comparison 
of source and destination objects. 

The protocol must implement reliability and robust error recov­
ery. This means that the protocol will likely be specified in layers, 
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like most of the protocols we have seen These layers implement

modular design with each focusing on different aspect of file

transfer new functionality or robustness

Finally the protocol will need multiple implementations One

will usually exist in the basic protocols supported by the local

operating system Another implementation is needed for the syn
chronization destination e.g desktop computer Sometimes

multiple implementations are required for multiple desktop oper

ating systems If software development version is needed for

testing purposes another implementation is usually included in

the SDK

17.2 Some Early Attempts at Synchronization

There have been many synchronization protocols Each has its own

niche and application

File transfer protocols can probably be considered to be the

first attempts at synchronization systems While early protocols

like XMODEM were simply designed to move files applications

developed around other protocols implement rudimentary synchro

nization For example some applications that implement the File

Transfer Protocol FTP for the TCP/IP suite have facilities for check

ing timestamps and conditionally transferring files based on time

or previously existing files Backup systems were early attempts at

synchronization while the file transfer was one-way backups made

crude synchronization system work

Early in its work with handheld devices Psion saw the need

for some kind of synchronization protocol Early computers for

example the Organiser II which was made in 1984 used the

popular implementations for exchange protocols e.g XMODEM
and YMODEM at 9600 baud This software was for file transfer

only On the Series new protocol debutedan early version

of PLPand through various machines matured into the PLP

protocol we have today Symbian adopted this protocol from Psion

The software used to drive synchronization has undergone much

change In the early days desktop computers had implementations

of XMODEM or YMODEM built into terminal emulation pro

grams When Psion included PLP in the Series it provided some

early synchronization applications RCOM was the first software to

implement synchronization this application was command line

interpreter that could take commands from file and thus allowed

scripting of file synchronization This evolved into an application

with GUI called PsiWin Psion then implemented the software
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like most of the protocols we have seen. These layers implement 
a modular design, with each focusing on a different aspect of file 
,transfer, new functionality, or robustness. 

Finally, the protocol will need multiple implementations. One 
will usually exist in the basic protocols supported by the local 
operating system. Another implementation is needed for the syn­
chronization destination, e.g., a desktop computer. Sometimes 
multiple implementations are required for multiple desktop oper­
ating systems. If a software development version is needed for 
testing purposes, another implementation is usually included in 
the SDK. 

17 .2 Some Early Attempts at Synchronization 

There have been many synchronization protocols. Each has its own 
niche and application. 

File transfer protocols can probably be considered to be the 
first attempts at synchronization systems. While early protocols 
like XMODEM were simply designed to move files, applications 
developed around other protocols implement rudimentary synchro­
nization. For example, some applications that implement the File 
Transfer Protocol (FTP) for the TCP/ IP suite have facilities for check­
ing timestamps and conditionally transferring files based on time 
or previously existing files. Backup systems were early attempts at 
synchronization; while the file transfer was one-way, backups made 
a crude synchronization system work. 

Early in its work with handheld devices, Psion saw the need 
for some kind of synchronization protocol . Early computers (for 
example, the Organiser II, which was made in 1984) used the 
popular implementations for exchange protocols (e.g., XMODEM 
and YMODEM) at 9600 baud. This software was for file transfer 
only. On the Series 3, a new protocol debuted-an early version 
of PLP-and, through various machines, matured into the PLP 
protocol we have today. Symbian adopted this protocol from Psion. 

The software used to drive synchronization has undergone much 
change. In the early days desktop computers had implementations 
of XMODEM or . YMODEM built into terminal emulation pro­
grams. When Psion included PLP in the Series 3, it provided some 
early synchronization applications. RCOM was the first software to 
implement synchronization; this application was a command line 
interpreter that could take commands from a file (and thus allowed 
scripting of file synchronization). This evolved into an application 
with a GUI called PsiWin. Psion then implemented the software 
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driver side into developers kit and called it EPOC Connect Psi-

Win became the version of EPOC Connect badged by Psion

Symbian took over the development of this software and renamed

it Symbian Connect

17.3 PIP and Symbian Connect

The current state of the art in synchronization on Symbian OS
devices is the combination of PLP and the Symbian Connect soft

ware In this section we will overview the implementation and

support that the Symbian OS gives to this pair

17.3.1 The Psion Link Protocol

We gave brief overview of PLP in Chapter see Figure 4.3 PLP

is specifically designed to use either the serial or the IR port Its

serial configuration uses hardware handshaking and frame format

of bits with stop bit and no parity

On top of the physical layer PLP has three-layer design The

link layer implements reliable transport of data implementing error

recovery via the retransmission of data frames The Network Control

Protocol NCP layer implements data stream multiplexing over this

link layer The NCP layer also implements flow control over each

services data stream The Services layer implements the various

services used by the remote device software management file

manipulation and synchronization of files

PLP allows the remote device to manipulate files on the local

device and manage software installation The Services layer imple

ments the functionality needed to perform synchronization tasks

There are several servers that run at this layer to field and answer

requests from clients

The Link server is started first and is used to communicate with

the NCP layer It starts the other servers as needed

The Remote Protocol Command Service RPCS server answers

commands sent from the remote device It supports general

operations such as launching and terminating processes On
some early devices the RPCS server was not present by default

it was added by synchronization software upon usage

The Remote File Services RFSV server provides remote inter

face that behaves similarly to local file accesses files must be

opened before they can be read or written and sequential file
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driver side into a developer's kit and called it EPOC Connect. Psi­
Win became the version of EPOC Connect "badged" by Psion. 
Symbian took over the development of this software and renamed 
it Symbian Connect. 

17 .3 PLP and Symbian Connect 

The current state of the art in synchronization on Symbian OS 
devices is the combination of PLP and the Symbian Connect soft­
ware. In this section, we will overview the implementation and 
support that the Symbian OS gives to this pair. 

17 .3.1 The Psi on Link Protocol 

We gave a brief overview of PLP in Chapter 4; see Figure 4.3. PLP 
is specifically designed to use either the serial or the IR port. Its 
serial configuration uses hardware handshaking and a frame format 
of 8 bits, with 1 stop bit and no parity. 

On top of the physical layer, PLP has a three-layer design. The 
link layer implements reliable transport of data, implementing error 
recovery via the retransmission of data frames. The Network Control 
Protocol (NCP) layer implements data stream multiplexing over this 
link layer. The NCP layer also implements flow control over each 
service's data stream. The Services layer implements the various 
services used by the remote device: software management, file 
manipulation and synchronization of files. 

PLP allows the remote device to manipulate files on the local 
device and manage software installation. The Services layer imple­
ments the functionality needed to perform synchronization tasks. 
There are several servers that run at this layer to field and answer 
requests from clients. 

• The Link server is started first and is used to communicate with 
the NCP layer. It starts the other servers as needed. 

• The Remote Protocol Command Service (RPCS) server answers 
commands sent from the remote device. It supports general 
operations, such as launching and terminating processes. On 
some early devices, the RPCS server was not present by default; 
it was added by synchronization software upon usage. 

• The Remote File Services (RFSV) server provides a remote inter­
face that behaves similarly to local file accesses; files must be 
opened before they can be read or written, and a sequential file 
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pointer is maintained for each open file current directory is

also maintained allowing use of relative file names

The Generic Custom Service GENCSERV server is used by

some designers to implement specialized services For example

Ericsson implements GENCSERV server that provides access

to devices contacts database This is currently used on the

Ericsson R380 phone the first one-box phone

It is the purpose of the NCP layer to multiplex data streams to and

from each of these servers Incoming data streams are first directed

to the Link server which makes sure the correct server is registered

and running Services layer packets include the name of the server

they need to access names for the servers differ slightly depending

on the version of the OS and the model of the device

17.3.2 Using PLP with Symbian Connect

Symbian OS device will synchronize with synchronization

server this server is typically desktop computer running Microsoft

Windows The desktop computer must run software that can use

the link protocol and drive the synchronization process Symbian

provides Symbian Connect for this purpose

Through Symbian Connect software structure like that in

Figure 7.1 is built On the right side data flows from the Symbian

devicethrough its own PLP connection engineto server on the

remote computer This server sets up connection and passes data

to the connection engine which is used by desktop application

Desktop Computer

Applications

e.g PsiWin

Converter Synchronizers PLP Engine Connection Server

Service Engines
Communication

via PLP

Symbian Device

Figure 17.1 Symbian Connect synchronization structure
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pointer is maintained for each open file. A current directory is 
also maintained, allowing use of relative file names. 

• . The Generic Custom Service (GENCSERV) server is used by 
some designers to implement specialized services. For example, 
Ericsson implements a GENCSERV server that provides access 
to a device's contacts database. This is currently used on the 
Ericsson R380 phone, the first "one-box" phone. 

It is the purpose of the NCP layer to multiplex data streams to and 
from each of these servers. Incoming data streams are first directed 
to the Link server, which makes sure the correct server is registered 
and running. Services layer packets include the name of the server 
they need to access; names for the servers differ slightly depending 
on the version of the OS and the model of the device. 

17 .3.2 Using PLP with Symbian Connect 

A Symbian OS device will synchronize with a synchronization 
server; this server is typically a desktop computer running Microsoft 
Windows. The desktop computer must run software that can use 
the link protocol and drive the synchronization process; Symbian 
provides Symbian Connect for this purpose. 

Through Symbian Connect, a software structure like that in 
Figure 17.1 is built. On the right side, data flows from the Symbian 
device- through its own PLP connection engine- to a server on the 
remote computer. This server sets up a connection and passes data 
to the connection engine, which is used by a desktop application 

Converter 

Desktop Computer 

Synchronizers 

Service Engines 

Symbian Device 

PLP Engine Connection Server 

Communication 
via PLP 

Figure 17.1 Syn~bian Connect synchronization structure. 
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to move data back and forth When data moves between the two

computers synchronization services using timestamps file transfer

etc and conversion services converting files between computer

application formats are used

This process requires that PLP clients and servers exist on both

sides On the Symbian OS device side these functions are typically

built into an application typically called desktop link On the

desktop computer side this is implemented by Symbian Connect

The Symbian Connectivity Software Development Kit

To write applications that run on desktop computer and use

PLP to control Symbian oS devke you need the Symbian

connectivity SDK This is collection of software libraries and

source code examples that support the creation of software that

can service and manipulate PLP You can pick this up from

Symbians developer Web site

Note that this SDK is only br computers that run Microsoft

Windows

17.4 SyncML

17.4.1 Proprietary is Problematic

Although PLP works well as synchronization protocol and is

available for developers to use it is proprietary protocol Its design

is guarded information by Symbian and official implementations
exist only for Symbian OS devices and Symbian-OS-device-to
PC software Unofficial implementations are available for other

operating systems for example Linux has an open source PLP

implementation not sponsored by Symbian

Proprietary systems can restrict users Indeed while synchro
nization works well with Symbian Connect Symbian OS devices

are also restricted by Symbian Connect For example the only

medium that is implemented for synchronization is serial communi
cation network synchronization would be great benefit as would

synchronization with devices running other handheld operating sys
tems Along with Symbian other manufacturers of other handheld

devices also face this dilemma each handheld operating system

uses proprietary protocols for synchronization and is limited by the

implementation of protocols by its manufacturer

SyncML is an attempt to solve this problem SyncML is the

result of an initiative supported by consortium of handheld device
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to move data back and forth. When data moves between the two 
computers, synchronization services (using timestamps, file transfer, 
etc) and conversion services (converting files between computer 
application formats) are used. 

This process requires that PLP clients and servers exist on both 
sides. On the Symbian OS device side, these functions are typically 
built into an application, typically called a "desktop link". On the 
desktop computer side, this is implemented by Symbian Connect. 

17.4 SyncML 

17.4.1 Proprietary is Problematic 

Although PLP works well as a synchronization protocol, and is 
available for developers to use, it is a proprietary protocol. Its design 
is guarded information by Symbian, and official implementations 
exist only for Symbian OS devices and Symbian-OS-device-to­
PC software. (Unofficial implementations are available for other 
operating systems; for example, Linux has an open source PLP 
implementation not sponsored by Symbian.) 

Proprietary systems can restrict users. Indeed, while synchro­
nization works well with Symbian Connect, Symbian OS devices 
are also restricted by Symbian Connect. For example, the only 
medium that is implemented for synchronization is serial communi­
cation; network synchronization would be a great benefit, as would 
synchronization with devices running other handheld operating sys­
tems. Along with Symbian, other manufacturers of other handheld 
devices also face this dilemma: each handheld operating system 
uses proprietary protocols for synchronization and is limited by the 
implementation of protocols by its manufacturer. 

SyncML is an attempt to solve this problem. SyncML is the 
result of an initiative supported by a consortium of handheld device 
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hardware and software companies This consortium sought to create

single common synchronization protocol and format specification

that all its members would support Several hundred companies

support this initiative with Symbian as one of the charter sponsors

of the initiative

SyncML support is expected to be implemented by large numbers

of the consortium members in their products in 2002

17.4.2 SyncME Characteristics

The benefits of using single synchronization platform for different

devices are many Using single implementation of desktop com
puter software which can be developed by third parties devices

from many vendors can synchronize their data

SyncMLs design is broad enough that devices are now limited

by their own capabilitiesnot that of the synchronization proto
col wide variety of media can be used serial Bluetooth and

Ethernet networks New and interesting services can be imple

mentedimagine synchronization service provider that can be

used over the Internet

The designers of SyncML had to grapple with several criteria

The system must support current popular data formats These

include the standard vCard and vCalendar data formats that we
have seen in this book as well as collaborative formats such as

email

The system must support binary data formats Synchronization

can include the exchange of executable code or databasesthat

is data objects that do not have neat textual representation

The system must be extensible As new data formats are

designed the SyncML system must extend to accommodate
these as well

The system should build on existing transport technologies

Current transport methods include serial communication and

networking as well as transport protocols like HTTP SMTP and

WSP that ride on top of these other methods The system should

embrace all of these technologies

The consensus in designing SyncML was that the system should not

mandate data formats It should be centered on format description

rather than specific format implementation The consensus was also

that the data transport should work in layers that are as high as pos
sible in protocol stacki.e transport should not be restricted but

applications should embrace as many transport methods as possible
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of the consortium members in their products in 2002. 
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The benefits of using a single synchronization platform for different 
devices are many. Using a single implementation of desktop com­
puter software (which can be developed by third parties), devices 
from many vendors can synchronize their data. 

SyncML's design is broad enough that devices are now limited 
by their own capabilities-not that of the synchronization proto­
col. A wide variety of media can be used: serial, Bluetooth, and 
Ethernet networks. New and interesting services can be imple­
mented-imagine a "synchronization service provider" that can be 
used over the Internet. 

The designers of SyncML had to grapple with several criteria: 

• The system must support current, popular data formats. These 
include the standard vCard and vCalendar data formats that we 
have seen in this book, as well as collaborative formats such as 
email. 

• The system must support binary data formats. Synchronization 
can include the exchange of executable code or databases-that 
is, data objects that do not have a neat textual representation. 

• The system must be extensible. As new data formats are 
designed, the SyncML system must extend to accommodate 
these as wel I. 

• The system should build on existing transport technologies. 
Current transport methods include serial communication and 
networking, as well as transport protocols like HTTP, SMTP, and 
WSP that ride on top of these other methods. The system should 
embrace all of these technologies. 

The consensus in designing SyncML was that the system should not 
mandate data formats. It should be centered on format description 
rather than specific format implementation. The consensus was also 
that the data transport should work in layers that are as high as pos­
sible in a protocol stack-i.e., transport should not be restricted, but 
applications sho~ld embrace as many transport methods as possible. 
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To implement these criteria SyncML is based on Extended

Markup Language XML XML is data description language that

can be used to describe any kind of structured data stream and how

application software such as browsers are to deal with it It has been

suggested that XML will replace HTML as the language for describ

ing Web pages This would be possible because HTML is one of the

basic structured streams that XML specifies and recognizes Other

examples might be database records scientific data to be visualized

in browser and of course synchronization data such as vCalen

dar and vCard format entries Naturally future data formats which

do not exist today can be specified with XML as well

Consider an example Assume that we want to transfer contact

to synchronization server As part of larger SyncML data stream

we might represent the contact data as vCard and transfer that

vCard as the SyncML format in Figure 7.2 Lets make few

observations about this example

Add
CmdID12345 /CmdID
Cred

Meta
Type xmlnssyncml metinf syncml auth-uid5/Type
Format xmlnssyncmlmetinfb64/Format

/Meta
DataMJJkNDI2x7ZjNjgwMTNiYWZk455yN2JjMjN1ZDM4YzENCg/Data

/Cred
Meta

Format xmlnssyncmlmetinfchr/Format
Type xmlnssyncrnlmetinftext/x-vcard/Type

/Meta
Item

Source
LoctJRI /card/L0cURI

Source
DataBEGIN VCARD
VERSION 2.1

FNMike Jipping
NJippingTEL 1-616-555-1234TEL 1-616555-4321
EMAIL INTERNET rnike@j ipping.com
ENDVCARD
/Data

/Item
/Add

Figure 17.2 Example SyncML vCard representation

Note that the format is full of bracketed tags like HTML and its

parent SGML As in HTML tags are used to delineate sections of
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To . implement these criteria, SyncML is based on Extended 
Markup Language (XML). XML is a data description language that 
can be used to describe any kind of structured data stream and_ how 
application software (such as browsers) are to deal with it. It has been 
suggested that XML will replace HTML as the language for describ­
ing Web pages. This would be possible, because HTML is one of the 
basic structured streams that XML specifies and recognizes. Other 
examples might be database records, scientific data to be visualized 
in a browser, and (of course) synchronization data such as vCalen­
dar and vCard format entries. Naturally, future data formats, which 
do not exist today, can be specified with XML as well. 

Consider an example. Assume that we want to transfer a contact 
to a synchronization server. As part of a larger SyncML data stream, 
we might represent the contact data as a vCard and transfer that 
vCard as the SyncML format in Figure 17.2. Let's· make a few · 
observations about this example: 

<Add> 
<CrndID>12345</CrndID> 
<Cred> 

<Meta> 
<Type xrnlns="syncml:rnetinf">syncrnl:auth-rndS</Type> 
<Format xrnlns="syncrnl:rnetinf">b64< / Forrnat> 

</Meta> 
<Data>MJJkNDI2x7ZjNjgwMTNiYWZk455yN2JjMjNlZDM4YzENCg==< / Data> 

</Cred> 
<Meta> 

<Format xrnlns="syncrnl:rnetinf">chr</Format> 
<Type xmlns="syncrnl:metinf">text/x-vcard< / Type> 

</Meta> 
<Item> 

<Source> 
<LocURI>./card</LocURI> 

</Source> 
<Data>BEGIN:VCARD 
VERSION:2.1 
FN:Mike Jipping 
N:Jipping;Mike 
TEL;WORK;VOICE:+l-616-555-1234 
TEL;WORK;FAX:+1-616-555-4321 
EMAIL;INTERNET:rnike@jipping.com 
END:VCARD 
</Data> 

</Item> 
</Add> 

Figure 17.2 Example SyncML vCard representation. 

• Note that the format is full of bracketed tags, like HTML and its 
parent SGML. As in HTML, tags are used to delineate sections of 
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the specification In the example we have four main sections

CmdID Cred Meta and Item

The CmdID gives the code of the function being used in the

current operation e.g Add
The Cred section gives the authentication information in this

example the credentials are given using an MD5 hash algorithm

for encryption and base 64 encoding

The Meta section gives details about the data structuring In

this example we are using character format chr with type

encoding of vCard text/x-vcard

The Item section gives the actual vCard specification In

this example we have specified the source of the vCard the

Source tag and then given the vCard data the Data tag

In addition to data description language SyncML specifies

common universal data transfer protocol The SyncML standard

specifies that many protocols can transfer SyncML data However
it also specifies specific synchronization protocol that can tun
nel through existing protocols Supporters are also free to use

their own proprietary protocols to support the data transfer if

they wish

Figure 7.3 holds diagram of the protocol stack for SyncML

Synchronization applications communicate with each other through

SyncML via its data formatting and its universal data transfer

protocol The SyncML data format is then transmitted over some

SYnc Ctent

APPHcatioI
Synchronization application

Sync Server Agent

SyncML

Data Transport

Transport Medium

Figure 17.3 SyncML protocol stack

358 SYNCHRONIZATION: PLP AND SyncML 

the specification. In the example, we have four main sections: 
CmdID, Cred, Meta, and Item. 

• The CrndID gives the code of the function being used in the 
current operation (e.g., Add). 

• The Cred section gives the authentication information. In this 
example, the credentials are given using an MOS hash algorithQl 
for encryption and base 64 encoding. 

• The Meta section gives details about the data structuring. In 
this example, we are using character format (chr) with a type 
encoding of a vCard (text/x-vcard). 

• The Item section gives the actual vCard specification. In 
this example, we have specified the source of the vCard (the 
<Source> tag) and then given the vCard data (the <Data> tag). 

In addition to a data description language, SyncML specifies a 
common, universal data transfer protocol. The SyncML standard 
specifies that many protocols can transfer SyncML data. However, 
it also specifies a specific synchronization protocol that can tun­
nel through existing protocols. Supporters are also free to use 
their own proprietary protocols to support the data transfer if 
they wish. 

Figure 17.3 holds a diagram of the protocol stack for SyncML. 
Synchronization applications corn mun icate with each other through 
SyncML, via its data formatting and its universal data transfer 
protocol. The SyncML data format is then transmitted over some 

Sync Client Applicatio~ 
Sync Client Agent__/ 

Synchronization application 

t 
SyncML 

t 
Data Transport 

t 
Transport Medium 

Figure 17.3 SyncML protocol stack. 

CSync Server Application 
Sync Server Engine 
Sync Server Agent 
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transport protocol and medium to the remote device which passes

the received data through SyncML and incorporates the result

Note that protocols mayin fact most certainly will
encapsulate the SyncML data in other packages for transport Cer

tainly data packets are wrapped by protocol data packets as they

move through protocol layers SyncML data will probably be for

matted as MIME objects for use in email There have also been

suggestions that on devices with restricted resources or limited

bandwidth SyncML be encoded in binary format e.g WAP
Binary XML WBXML binary format for transmission over WAP
protocols This binary encoding would reduce the size of the data

as well as the length of the transmission time

More Information

More information about SyncML is available from Internet

sources The core site for SyncML is http//www.syncml.org In

addition the many manufacturers that hack SyncML have infor

mation on their sites that encourage more learning and software

development Nokia for example has an extensive segment of th

eir site dedicated to SyncML see http//www.forum.nokia.com/

mainll6668 4700.html

17.4.3 Support for SyncML

Specifications for SyncML are very new Originally planned for

late 2000 the specifications were officially published in mid-2001

Implementations have started surfacing during 2001 For example
Nokia has included SyncML support in some of its newest phones

e.g the 9210 and 7650
Recall that SyncML is both data format and data protocol

One would imagine that SyncML support would take the form of

socket and as the data protocol is implemented that is the form

it will likely take However most of the effort for SyncML support

has been concentrated on the data format and this takes the form

of library support for format conversion

In version 6.1 of the Symbian OS there is no support deliv

ered with the distribution However support can be added later

for example Nokia has delivered extensions to its emulators that

upgrade them to support SyncML
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transport protocol and medium to the remote device, which passes 
the received data through SyncML and incorporates the result. 

. Note that protocols may-in fact, most certainly will-. 
encapsulate the SyncML data in other packages for transport. Cer­
tainly, data packets are wrapped by protocol data packets as they 
move through protocol layers. SyncML data will probably be for­
matted as MIME objects for use in email. There have also been 
suggestions that, on devices with restricted resources or limited 
bandwidth, SyncML be encoded in a binary format (e.g., WAP 
Binary XML (WBXML), a binary format for transmission over WAP 
protocols). This binary encoding would reduce the size of the data 
as well as the length of the transmission time. 

17 .4.3 Support for SyncML 

Specifications for SyncML are very new. Originally planned for 
late 2000, the specifications were officially published in mid-2001. 
Implementations have started surfacing during 2001. For example, 
Nokia has included SyncML support in some of its newest phones 
(e.g., the 921 O and 7650). 

Recall that SyncML is both a data format and a data protocol. 
One would imagine that SyncML support would take the form of 
a socket and, as the data protocol is implemented, that is the form 
it will likely take. However, most of the effort for SyncML support 
has been concentrated on the data format, and this takes the form 
of library support for format conversion . 

In version 6.1 of the Symbian OS, there is no support deliv­
ered with the distribution. However, support can be added later; 
for example, Nokia has delivered extensions to its emulators that 
upgrade them to support SyncML. 
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Upgrade Your Emulator

If you want to upgrade your emulator installations to run SyncML
check this hooks support Web site for pointers to SyncML

applications Nokias SyncML client for both the 9210 and 7650

emulators and Symbians upgrade for their reference emulator

implementation

17.5 Summary

In this chapter we have highlighted device synchronization We
reviewed the issues and the history of synchronization We dug into

Symbians current support of PLP and Symbian Connect as their

current synchronization solution and we overviewed SyncML as

the next implementation of synchronization SyncML represents the

future of this area and will be supported in upcoming releases of

the Symbian OS
The next chapter looks in detail at the Symbian OS communi

cations database which is used to store persistent communication

settings for devices and applications
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17 .5 Summary 

In this chapter, we have highlighted device synchronization. We 
reviewed the issues and the history of synchronization. We dug into 
Symbian's current support of PLP and Symbian Connect as their 
current synchronization solution, and we overviewed SyncML as 
the next implementation of synchronization. SyncML represents the 
future of this area and will be supported in upcoming releases of 
the Symbian OS. 

The next chapter looks in detail at the Symbian OS communi­
cations database which is used to store persistent communication 
settings for devices and applications. 
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The Communications Database

If one could configure social engagement much like one can

configure computer system going to party would be whole

lot easier If this were the case one could simply set up central

area with personal details Anyone entering the party would check

this information center first and all the initial details about meeting

someone would be taken care of straight away While people
would still scramble to figure out what to chat about this would cut

down on repeating your name and occupation for each new person

you meet

This is the idea behind the use of communications database

to centrally store all communication configurations for Symbian
OS device The database stores those common items that must

be repeated for each application that uses communication For

instance each TCP/IP application must know about your ISP and

each SMS messaging application must know about the service center

number you want to use As the lifespan of this database extends

beyond each applications execution time it can be referenced for

the common configuration items that it holds for all implementations
in the communications architecture

We will discuss this communications database in this chap
ter We will start by reviewing some issues that configuration

of communication involves We will then spend the majority of

the chapter reviewing the API for accessing and manipulating the

communications database

18.1 Configuration and the Communications Database

Configuration issues have dogged computer systems for long

time Configuration settings must be persistent and must outlast

the execution of any single application At the same time many
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If one could "configure" a social engagement much like one can 
configure a computer system, going to a party would be a whole 
lot easier. If this were the case, one could simply set up a central 
area with personal details. Anyone entering the party would check 
this information center first and all the initial details about meeting 
someone would be taken care of straight away. While people 
would still scramble to figure out what to chat about, this would cut 
down on repeating your name and occupation for each new person 
you meet. 

This is the idea behind the use of a communications database 
to centrally store all communication configurations for a Symbian 
OS device. The database stores those common items that must 
be repeated for each application that uses communication. For 
instance, each TCP/IP application must know about your ISP, and 
each SMS messaging application must know about the service center 
number you want to use. As the lifespan of this database extends 
beyond each application's execution time, it can be referenced for 
the common configuration items that it holds for all implementations 
in the communications architecture. 

We will discuss this communications database in this chap­
ter. We will start by reviewing some issues that configuration 
of communication involves. We will then spend the majority of 
the chapter reviewing the API for accessing and manipulating the 
communications database. 

18.1 Configuration and the Communications Database 

Configuration issues have dogged computer systems for a long 
time. Configuration settings must be persistent and must outlast 
the execution of any single application. At the same time, many 
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applications must be able to access configuration settings and alter

them hopefully through common efficient interface Sometimes

applications make changes that should be permanent sometimes

changes should be temporary and thus be discarded before an

application terminates

These aspects of configuration have resulted in different functions

of storing and maintaining settings on different systems The Unix

operating system for example takes the lowest common denomi

nator approach Unix configuration settings are kept in files stored

on accessible disks in readable textual format with no rules as

to how to specify settings i.e there is no standard API Humans
and applications can read configuration files and alter them easily

The Unix approach specifies that since any application should be

able to read text files text storage is the best i.e simplest func

tion Microsoft has taken more organized proprietary approach
in Windows The Windows registry is hierarchical highly orga
nized way of keeping configuration settings With the registry an

application works with settings from category hierarchy e.g cate

gories like HKEY LOCAL MACHINE/SOFTWARE/Pson/PsWin
in key/value pairs Microsoft provides an API for programmer access

to this registry and tools for users and administrators to access it

Still other operating systems store crucial information in system-

maintained tables available only to applications that make system

calls to retrieve this information from the OS kernel e.g older VAX
systems running Open VMS

After considering these different ways of storing information the

Symbian OS designers made several important design decisions

about settings for communication resources First they decided that

settings should be applied on ay_stern-wide basis for all appli
cations Using this idea configuration editor could be used to

affect all applications e.g the Control Panel on some Symbian
OS devices Second they decided that configuration information

should be vkible and changeable by all applications Finally they

decided to store configuration information in database form
accessible through an API that uses database context This

meant that they could implement it via included database mech
anisms and that the API would be familiar to many Symbian OS

programmers

18.2 The Communkatons Database AM

Symbian OS database implementation is based on standard

database management system DBMS implementation While will
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applications must be able to access configuration settings and alter 
them, hopefully through a common, efficient interface. Sometimes 
applications make changes that should be permanent; sometimes 
changes should be temporary and thus be discarded before an 
application terminates. 

These aspects of configuration have resulted in different functions 
of storing and maintaining settings on different systems. The Unix 
operating system, for example, takes the lowest common denomi­
nator approach. Unix configuration settings are kept in files, stored 
on accessible disks, in readable textual format with no rules as 
to how to specify settings (i.e., there is no standard API). Humans 
and applications can reag configuration files and alter them easily. 
The Unix approach specifies that since any application should be 
able to read text files, text storage is the best (i.e., simplest) func­
tion. Microsoft has taken a more organized, proprietary approach 
in Windows. The Windows registry is a hierarchical, highly orga­
nized way of keeping configuration settings. With the registry, an 
application works with settings from a category hierarchy (e.g., cate­
gories like HKEY _LOCAL_MACHINE/ SOFTWARE/Psion/Psi Win) 
in key/value pairs. Microsoft provides an AP! for programmer access 
to this registry and tools for users and administrators to access it. 
Still other operating systems store crucial information in system­
maintained tables, available only to applications that make system 
calls to retrieve this information from the OS kernel (e.g., older VAX 
systems running Open VMS). 

After considering these different ways of storing information, the 
Symbian OS designers made several important design decisions 
about settings for communication resources. First, they decided that 
settings should be applied on ~~tern-wide basis for all appli­
cations. Using this idea, a configuration editor could be used to 
affect al! applications (e.g., the Control Panel on some Symbian 
OS devices). Second, they decided that configuration information 
should be '{isible and __ cha1Jz.eableby all applications. Finally, they 
decided to . store configuration ·-Information iQ_ c1 __ tj?t?.9~~~--.fo._rr,:i, 
accessible through an API that uses a database context. This 
meant that they could implement it via included database mech­
anisms and that the API would be familiar to many Symbian OS 
programmers. 

18.2 The Communications Database API 

Symbian OS database implementation is based on a standard 
database management system (DBMS) implementation. While I will 
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explain bit about DBMS concepts will not be defining them in

detail It is helpful here to be familiar with concepts such as database

tables views and record selection These comprise large part of

the DBMS implementation

18.2.1 Database Structure

The communications database is structured as standard Symbian
OS relational database managed through DBMS procedures As

single database it holds several data tables Each data table

is manipulated by constructing view ofthe table and working
whitsrecqrJs through that view The tables contained in the

communications database are listed in Table 18.1 along with the

names used to access them Tables without names listed with N/A

as the name in Table 18.1 are accessed using special function calls

that we will discuss later

Therefore to access the communications database you must

know which table you need to access and how you want to access

it The standard way to access this structure is through the following

steps

Create new database object

Use this database object to create view of data table

Select recordeither by creating new record or by finding

an existing one

Manipulate this recordread from or write to it as needed

Commit any changes made to the record

When completed delete the view and database objects

18.2.2 Communications Database Classes

The communications database is implemented via the CComms
Database class In turn this class is derived from the CComms
DatabaseBase class Together these classes define very large

number of functions which will summarize here

Review the Communications Database Definition

Take some time to review the definitions setup for the communi
cations database In the \Syiubian\6 1\Quartz\Epoc32\In-
dude directory pay specific attention to the cdbcols.h file

for table-naming macros and to the cornrndb file foi class

definitions
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explain a bit about DBMS concepts, I will not be defining them in 
detail. It is helpful here to be familiar with concepts such as database 
tables, views, and record selection. These. comprise a large part of 
the DBMS implementation. 

18.2. l Database Structure 

The communications database is structured as a standard Symbian 
OS relational database, managed through DBMS procedures. As 
a single database, it holds several data tables. Each data . tqble 
is mani_Qulated. by constructing.,i,'LY !fW.nLthe.Jable arJd .wqrking_ 
wi!b_. its. .:1i~Qrdi.jbi20Efi.: thai .v.iew. The tables contained in the 

·communications database are listed in Table 18.1, along with the 
names used to access them. Tables without names (listed with N/A 
as the name in Table 18.1) are accessed using special function calls 
that we will discuss later. 

Therefore, to access the communications database, you must 
know which table you need to access and how you want to access 
it. The standard way to access this structure is through the following 
steps: 

• Create a new database object. 

• Use this database object to create a view of a data table. 

• Select a record-either by creating a new record or by finding 
an existing one. 

• Manipulate this record-read from or write to it as needed. 

• Commit any changes made to the record. 

• When completed, delete the view and database objects. 

18.2.2 Communications Database Classes 

The communications database is implemented via the CComms­

Database class. In turn, this class is derived from the CComms­

DatabaseBase class. Together, these classes define a very large 
number of functions which I will summarize here. 
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Table 18.1 Communications database tables

Table Table Name Description

lncomingConnection Preferences N/A Order ranking for lAP settings for

incoming connections

Outgoing Connection Preferences N/A Order ranking for lAP settings for

outgoing connections

Global Settings N/A Miscellaneous settings that govern

most connection configurations

Internet Access Point lAP The settings used to access the

Internet e.g which modem

Outgoing ISP DialOutISP Connection settings for the ISP

used for outgoing messages

Incoming ISP DIaIInISP Connection settings for the ISP

used for incoming messages

Outgoing GPRS Provider OutgoingGPRS Settings used for the GPRS

provider for outgoing data

Incoming GPRS Provider lncomingGPRS Settings used for the GPRS

provider for incoming data

Default GPRS Provider DefaultGPRS Default settings for GPRS

provider

Modem List Modems list of modems available on the

device and their settings

Location List Locations list of phone settings for various

locations

Charge Cards ChargeCard list of charging settings used to

make long distance phone calls

Proxy List Proxies list of HTTP proxy servers and

their settings

WAP Access Point List WAPAccessPoint list of sites to access WAP data

WAP 1P Bearers WAPIPBearer subset of the WAP access point

list that are IP bearers including

their IP settings

WAP SMS Bearers WAPSMSBearer subset of the WAP access point

list that are SMS bearers

including their settings

Bluetooth Device List BTDevicelable list of Bluetooth devices

available

Bluetooth Default Settings BTDefaultTable The default settings used for

Bluetooth device

luetooth Security Settings BTSecurityTable Security settings for Bluetooth

devices

Creating the database object

New instances of the CcommsDatabase class are created with the

NewL functions defined below

IMPORT static CCommsDatabase MewL
TCommflbDatabaseType aType
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Table Name 

N/A 

N/A 

N/A 

IAP 

DialOutlSP 

DiallnlSP 

OutgoingGPRS 

lncomingGPRS 

DefaultGPRS 

Modems 

Locations 

ChargeCard 

Proxies 

WAPAccessPoint 
WAPIPBearer 

WAPSMSBearer 

BTDeviceTable 

BTDefaultTable 

BTSecurityTable 

Description 

Order ranking for IAP settings for 
incoming connections 

Order ranking for IAP settings for 
outgoing connections 

Miscellaneous settings that govern 
most connection configurations 

The settings used to access the 
Internet (e.g., which modem) 

Connection settings for the ISP 
used for outgoing messages 

Connection settings for the ISP 
used for incoming messages 

Settings used for the GPRS 
provider for outgoing data 

Settings used for the GPRS 
provider for incoming data 

Default settings for a GPRS 
provider 

A list of modems available on the 
device and their settings 

A list of phone settings for various 
locations 

A list of charging settings used to 
make long distance phone calls 

A list of HTTP proxy servers and 
their settings 

A list of sites to access WAP data 
A subset of the WAP access point 

list that are IP bearers, including 
their IP settings 

A subset of the WAP access point 
list that are SMS bearers, 
including their settings 

A list of Bluetooth devices 
available 

The default settings used for a 
Bluetooth device 

Security settings for Bluetooth 
devices 

New instances of the CCommsDatabase class are created with the 
NewL () functions, defined below: 

IMPORT C static CCommsDatabase* NewL( 
TCommDbD~tabaseType aType); 
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IMPORT static CCommsDatabase NewL
TCommflbflatabaseType aType
TCommDbOpeningFunction aOpeningFunction

These two functions must be given the type of database that is to

be created TcommDbDatabaseType is an enumeration giving

three types of databases an Internet Access Provider database an

Internet Service Provider database and generic unspecified type

of database An lAP database is identical to an ISP database except

that the former provides information about providers of Internet

access and the latter does not include these However these

distinctions are moot in version 6.1 of Symbian OS because the ISP

database has merged into the lAP database The second function

also requires specification of the way the system is to open the

database creating it copying it or opening an existing one

Creating view of the database

Once database object has been created the next step is to

create view of data table table view is encapsulated by the

CCommsDbTableVew class We can get an instance of this class in

several ways The easiest way is to get it using CCommsDatabase

object using one of the functions defined below

IMPORT CCommsDbTableView OpenTableLC
const TDesC aTableName

IMPORT CCommsflbTableView OpenViewLC
const TDesC aTableName const TDesC aSqlQuery

The first function takes the name of the table we need to open and

creates view that makes all records in the table accessible The

name of the table is one from Table 18.1 which can be found in

the constants in the cdbcols file The second function uses the

name of the table to open an SQL query to select specific records out

of the table that we are opening Structured Query Language SQL
is standard DBMS manipulation language and is the language that

Symbian OS uses to manage its database systems
As an example lets say that we want to list all the charge cards

that are stored in the communications database We would open the

database and create view of the charge card table that would

give us all table entries We could do this in the following way

void COB ViewEntries

CCommsDatabase db
CCommsflbTableView view
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IMPORT C static CCommsDatabase* NewL( 
TCommDbDatabaseType aType, 
TCommDbOpeningFunction &aOpeningFunction); 

365 

These two functions must be given the type of database that is to 
be created. TCommDbDatabaseType is an enumeration, giving 
three types of databases: an Internet Access Provider database, an 
Internet Service Provider database, and a generic, unspecified type 
of database. An IAP database is identical to an ISP database, except 
that the former provides information about provider.? of Internet 
access, and the latter does not include these. However, these 
distinctions are moot in version 6.1 of Symbian OS, because the ISP 
database has merged into the IAP database. The second function 
also requires a specification of the way the system is to open the 
database: creating it, copying it, or opening an existing one. 

Creating a view of the database 

Once a database object has been created, the next step is to 
create a view of a data table. A table view is encapsulated by the 
CCommsDbTableView class. We can get an instance of this class in 
several ways. The easiest way is to get it using a CCommsDatabase 
object, using one of the functions defined below: 

IMPORT_C CCommsDbTableView* OpenTableLC ( 
const TDesC &aTableName); 

IMPORT_C CCommsDbTableView* OpenViewLC ( 
const TDesC &aTableName , const TDesC &aSqlQuery); 

The first function takes the name of the table we need to open and 
creates a view that makes all records in the table accessible. The 
name of the table is one from Table 18.1 (which can be found in 
the constants in the cdbcols. h file) . The second function uses the 
name of the table to open an SQL query to select specific records out 
of the table that we are opening. Structured Query Language (SQL) 
is a standard DBMS manipulation language and is the language that 
Symbian OS uses to manage its database systems. 

As an example, let's say that we want to I ist a 11 the charge cards 
that are stored in the communications database. We would open the 
database and create a view of the ChargeCard table that would 
give us all table entries. We could do this in the following way: 

void CDB: :ViewEntries () 
{ 

CCommsDatabase *db; 
CCommsDbTableView *vi ew; 
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TInt result count
TBuf40 Name AcctNurnber Pin
// Open the database and get table

db CCommsflatabase NewLEDatabaseTypeIAP
view db-OpenTableLc TPtrC CHARGECARD

// more code to view all entries

delete view
delete db

We will fill in the commented-out portion shortly Using view

created with this code the program could display the output shown

in Figure 18.1

j1Jp

Figure 18.1 Example listing of the ChargeCard table

Now lets say that we wanted to only view entries with non
zero PINs We could substitute the OpenTableLC call with

OpenViewLC call which requires the use of SQL This function

needs an SQL view query which is generated by an SQL SELECT

statement This statement has the following general form

SELECT selection-spec FROM table-name
condition BY sort-spec
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Tint result, count; 
TBuf<40> Name, AcctNumber, Pin; 
II Open the database and ge t a table 
db= CCommsDatabase::NewL(EDatabaseTypeIAP) ; 

view= db- >OpenTableLC (TPtrC(CHARGECARD)); 

II ... more code t o v iew all entr ies 

delete view; 
delete db; 

We will fill in the commented-out portion shortly. Using a view 
created with this code, the program could display the output shown 

in Figure 18.1. 

~ 1:.PO[ Lmulalm fi!llliiJlf!!l 

Figure 18.1 Example l isting of the ChargeCard table. 

Now let' s say that we wanted to only view entries with non­

zero PINs. We could substitute the OpenTableLC () call with a 

OpenViewLC () call, which requires the use of SQL. This function 

needs an SQL view query, which is generated by an SQL SELECT 

statement. This statement has the following general form: 

SELECT selecti on - spec FROM table -name 
[WHERE condi tion] [ORDER BY sort -spec ] 
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The selection-spec field is either list of record fields or

to select all fields The table-name is the name of the table with

which we are concerned The condition is Boolean condition that

will be used to select specific records The sort-spec is list of

fields that are used as sorting keys on which to sort the resulting

records For example to view all entries except those with PINs

equal to 0000 we could replace the openTableLc call with

the function call below

view db-OpenViewLCTPLrCCHARGECARD
SELECT FROM ChargeCard WHERE Pin 0000

In this code we specify the Chargecard table but we add an SQL
statement to view only the entries we want The result of using this

to define our view is in Figure 18.2

Figure 18.2 Example listing of ChargeCard table records whose PIN 0000

should make two points about this use of an SQL statement

Notice we give the table name twice once in the first parameter
and once in the SQL statement This is unavoidable leaving

either one out causes system panic

Those who are used to writing SQL for relational database

queries will want to terminate this SQL statement with semi

colon this is standard syntax However this statement should
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The selection-spec field is either a list of record fields or a "*" 
to select all fields. The table-name is the name of the table with 
which we are concerned. The condition is a Boolean condition that 
will be used to select specific records. The sort-spec is a list of 
fields that are used as sorting keys on which to sort the resulting 
records. For example, to view all entries except those with PINs 
equal to 11000011

1 we could replace the OpenTableLC () call with 
the function call below: 

view= db- >OpenViewLC(TPtrC (CHARGECARD ) , 
_L ( "SELECT * FROM ChargeCard WHERE Pin< > ' 0000'" ) ), 

In this code, we specify the ChargeCard table, but we add an SQL 
statement to view only the entries we want. The result of using this 
to define our view is in Figure 18.2. 

Figure 18.2 Example listing of ChargeCard table records whose PIN () 0000. 

I should make two points about this use of an SQL statement: 

• Notice we give the table name twice: once in the first parameter 
and once in the SQL statement. This is unavoidable; leaving 
either one out causes a system panic. 

• Those who are used to writing SQL for relational database 
queries will want to terminate this SQL statement with a semi­
colon (this is standard syntax). However, this statement should 
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not have terminating semicolon inserting one will cause

system panic

Using SQL in this way is the most flexible way to select and order

database table entries If you do not want to wrestle with SQL

statements however there are more ways to open view and select

records These functions still use SQL to query the communications

database but they do not require the programmer to understand

SQL just to be able to use simple API

IMPORT CCommsDbTableView OpenviewMatChingUifltLC

const TDesC aTableName const TDesC aColumnToMatch
TUint32 aValueToMatch

IMPORT CCommsflbTableView OpenViewMatchingBOOlLC
const TDesC aTableNameconst TDesC aColumnToMatch

TBool aValueToMatch

IMPORT CCommeDbTableView OpenViewMatchngTextLC
conet TDesC aTableName const TDeSC aColumnToMatch

const TDesC8 aValueToMatch
IMPORT CCommsDbTableView OpenVewMatchingTextLC

const TDesC aTableName conet TDesC aColumnToMatch

const TDesCl6 aValueToMatch

Each of these functions requires table name as the first parameter

The second parameter is the name of the column that we want

to perform the selection over The third parameter is the value

to matchan integer Boolean or string 8-bit ASCII or 6-bit

Unicode Note that each function performs straight equality

match Unfortunately this means that selection like that in our

example above would not be possible with these functions they

cannot specify inequality e.g.. .WHERE PIN 0000

Using SQL for Se1efoi
If krOW QL it far the ies was to eec recrrds

from the onimuni tfer pr any Syrribkm database IL is

th fllQ fleibIe qu ry rnechaoisni and cant tream tine

or irems The SQL ved by tb ian OS tBMS as
few sniatl diffete es orn cqna SQL hai akefy

hghted 1tfeices ikoftni sa amJ wt1dcar the

WHERE darsE use nstead ff QL for atthinff

the odfrrg effort ft fire aearth prtcess ycu can

records with SQL for wh1h you ulLd hrto pemerl1trIarry

Ithes of cede so io appIkation wsthnuz ft

SQL iswirth tearrnn yaurdonknowft already fwobok
worth reading to teani SQL are egtnnrng 5Q4 ProgranrnitLs by
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not have a terminating semicolon; inserting one will cause a 
system panic. 

Using SQL in this way is the most flexible way to select and order 
database table entries. If you do not want to wrestle with SQL 

statements, however, there are more ways to open a view and select 

records. These functions still use SQL to query the communications 

database, but they do not require the programmer to understand 

SQL, just to be able to use a simple API. 

IMPORT_C CCommsDbTableView* OpenViewMatchingUintLC( 

canst TDesC &aTableName, const TDesC &aColumnToMatch, 

TUint32 aValueToMatch); 
IMPORT C CCommsDbTableView* OpenViewMatchingBoolLC( 

const TDesC &aTableName,const TDesC &aColumnToMatch, 

TBool · avalueToMatc h); 
IMPORT C CCommsDbTableView* OpenViewMat chingTextLC( 

const TDes C &aTableNa me, canst TDesC &aColumnToMatch, 

const TDe sCB &aValueToMatc h ) ; 
IMPORT C CCommsDbTableView* OpenViewMatchingText LC( 

const TDes C &aTableName, const TDesC &a ColumnToMatch, 

const TDesC16 &aValue ToMatch) ; 

Each of these functions requires a table name as the first parameter. 
The second parameter is the name of the column that we want 

to perform the selection over. The third parameter is the value 

to match-an integer, Boolean, or string (8-bit ASCII or 16-bit 

Unicode). Note that each function performs a straight equality 
match. Unfortunately, this means that a selection like that in our 

example above would not be possible with these functions; they 

cannotspecifyinequality(e.g.," ... WHERE PIN<> '0000'"). 
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WieL jrJ

18.2.3 Accessing and Reading Records

Once we have established view as an object of the CComms
DbTableView class we need to find the records we want to

manipulate Three functions are provided to navigate through

views records They are defined below

IMPORT TInt GotoFirstRecordO
IMPORT TInt GotoNextRecordO
IMPORT TInt GotoPreviousRecordO

These allow us to find the first record in view then to move

to the next or previous record based on current record posi
tion Should any of these functions find that it cannot navigate

as requested it will return the KErrNotFound error code The

database system maintains the concept of Hcurrent record posi
tion All record operations are performed on the record at the

current record position Note that there is no specific class that

represents communications database record

Record data is read column-by-column using one of the CCom
msDbTableView functions below

IMPORT void ReaduintLconst TDesC aColumn
TUint32 aValue

IMPORT void ReadBoolLconst TDesC aColumn
TBool aVaiue

IMPORT void ReadTextLconst TIJe5C aColumn
TDesB aValue

IMPORT void ReadTextLconst TDe5C aCoiumn
TDesl6 aValue

IMPORT HBufC ReadLongTextLCconst TDesC aColurnn

These functions read integer Boolean or string data from the

column whose name is given as the first parameter into the variable

given as the second For string reads there are three versions one

that reads data as 8-bit ASCII values one that reads data as 6-bit

Unicode values and one that will read value of any length into

string While the variables in the ReadTextL functions are

bounded in size they are preallocated the ReadLongTextLC
function reads column value into the heap and returns pointer
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18.2.3 Accessing and Reading Records 

Once we have established a view as an object of the CComms-­
DbTableView class, we need to find the records we want to 
manipulate. Three functions are provided to navigate through a 
view's records. They are defined below: 

IMPORT C Tint GotoFirstRecord(); 
IMPORT C Tint GotoNextRecord(); 
IMPORT C Tint GotoPreviousRecord(); 

These allow us to find the first record in a view, then to move 
to the next or previous record based on a current record posi­
tion. Should any of these functions find that it cannot navigate 
as requested, it will return the KErrNotFound error code. The 
database system maintains the concept of a "current record posi­
tion". All record operations are performed on the record at the 
current record position. Note that there is no specific class that 
represents a communications database record. 

Record data is read column-by-column, using one of the CCom­
msDbTableView functions below: 

IMPORT_C v o id ReadUintL(const TDesC &aColumn, 
TUint32 &aValue) ; 

IMPORT_C void ReadBoolL (const TDesC &aColumn, 
TBool &aValue); 

IMPORT~C void ReadTextL(const TDesC &aColumn, 
TDesB &aValue); 

IMPORT_C void ReadTextL(const TDesC &aColumn, 
TDes16 &aVa lue) ; 

IMPORT_C HBufC* ReadLongTextLC(const TDesC &aColumn); 

These functions read integer, Boolean or string data, from the 
column whose name is given as the first parameter, into the variable 
given as the second. For string reads, there are three versions: one 
that reads data as 8-bit ASCII values, one that reads data as 16-bit 
Unicode values; and one that will read a value of any length into 
a string. While the variables in the ReadTextL {) functions are 
bounded in size (they are preallocated), the ReadLongTextLC () 
function reads a column value into the heap and returns a pointer 
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to where the results are stored In the latter case the function takes

care of string allocation

Now we can complete our example that prints ChargeCard

table entries The complete function definition is given below

void CDB ViewEntries

CCommsDatabase db
CCommsDbTableView view
TInt result Count

TBuf40s Name AcctNumber Pin

// Open the database and get table

db CCommsDatabase NewLEDatabaseTypelAP
view db-OpenTableLC TPtrCCHRGECARD

// Walk through each record retrieve fields and print

count

result view-GotoFiratRecord
while result KErrNone

view-ReadTextLTPtrCCOMNDWNANE Narne

view- ReadTextL TPtrC CHARGECARD ACCOUNT NUWBER

AcctNumber

view-ReadTextLTPtrCCHARGECARD PIN Pin
console-PrintfLEntry %d\n 9S\n tS\n PIN %S\n\n

count Name AcctNumlber Pirl

result view-GotoNextRecord

delete view
delete db

In the code above note that use standard defined macros for the

names of the fields in the ChargeCard database

18.2.4 Creating and Editing Records

New database records are inserted at the current record posi

tion through call to the CCommsDbTableView function defined

below

TInt InsertRecordTUint32 ald

This function will make all preparations for inserting record and

make that record the one at the current record position The ID of

this new record is returned in the parameter
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to where the results are stored. In the latter case, the function takes 
care of string allocation. 
, Now we can complete our example that prints ChargeCard 

table entries. The complete function definition is given below: 

vo i d CDB:: Vi ewEntri es ( ) 
{ 

CCommsDa tabase *db; 
CCommsDbTabl eView *view; 
Tint result , count; 
TBuf< 4 0> Name , AcctNumber, Pin; 

// Open the dat abase and get a tabl e 

db = CCommsDatabase.: : NewL {EDat abaseTyp_e IAP ) ; 
view = db->Ope n Tab l e LC(TPtr C{CHARGECARD)) ; 

/ / Wa l k through each reco rd, retri eve f i e lds and print 

count= l; 
r esul t= v i ew- >GotoFirstRecord (); 
wh i le {result== KEr r None ) { 

v iew- >ReadTe xtL (TPt rC (COMMDB_ NAME ) , Name); 
view- >ReadTextL (TPtrC {CHARGECARD_ACCOUNT_NUMBER) , 

Acc t Numbe r ) ; 

view- >ReadTextL(TPtrC {CHARGECARD_PIN) , Pi n ) ; 

conso le->Pri ntf (_ L{ "Entry #%d: \ n %S\ n %S\n P I N: %S\n\n"), 
count ++, &Name , &Acc t Number, &Pin ) ; 

resul t = v i e w- >GotoNex t Rec o r d () ; 

dele te view; 
delete db; 

In the code above, note that I use standard defined macros for the 
names of the fields in the Char geCar d database. 

18.2.4 Creating and Editing Records 

New database records are inserted at the current record posi­
tion through a call to the CCommsDbTableView.function defined 
below: • 

Tint InsertRecor d( TUint32 &aid) ; 

This function w ill make all preparations for inserting a record and 
make that record the one at the current record position. The ID of 
this new record i_s returned in the parameter. 
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To write into entries we first need to indicate our intentions For

new records we can use the TnsertRecord function defined

above For existing records we need the function defined below

TInt UpdateRecordO

panic will be raised if any writes are made to database record

without first calling InsertRecord or UpdateRecord One

of these must be called for each set of changes made to an existing

record

To actually modify record we need to use one of the functions

defined below

IMPORT void WriteUintLconst TDesC aColumn
const TUint32 aValue

IMPORT void WriteBoolLconst TIJesC aColumn
const TBool aValue

IMPORT void WriteTextLconst TDesC aColumn
const TOesC8 avalue

IMPORT void WriteTextLconst TDesC aColumn
const TDesC16 aValue

IMPORT void WriteLongTextLconst TDesC aColumn
const TDesC aValue

IMPORT void SetNullLconst TDesC aColumn

The forms here are analogous to those used to read from entries

in that writing is done by entering specific values into specific

columns The name of the column is given as string for the first

parameter and the value to be written is given as the second As

with reading we can write using three data types integer Boolean
and string Strings can be written in 8-bit and 16-bitforms and long
unlimited

strings
allocated from the heap may be written using the

WrteLongTextL function specific column may be made to

be null i.e having no value as opposed to blank value by the

SetNuliL function

When changes to record have been completed these changes
need to be committed to the database Commitment of changes is

done on record-by-record basis we cannot commit changes to

several records at once We commit changes by calling the function

defined below

IMPORT TInt PutRecordChanpesTBool aHidden EFalse
TBool aReadOnly EFalse

This call allows some tailoring to be done to the record as it

is committed to the database The record can be designated as

hidden it can also be entered as read-only These attributesare

0 
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To write into entries, we first need to indicate our intentions. For 
new records, we can use the InsertRecord () function defined 
above. For existing records, we need the function defined below: 

/Tr ·t T , .!/ 1') c - ,f· r .,t,. c' · .4) ·, (h Cl. Id)' .. · ··\...:. - "J -V - · Y"t.,8~ / 'Ji_ r:/f l,,I \. l // , -1,.;t· •. >C\ :,,,.._ . 

Tlnt UpdateRecord(); 

A panic will be raised if any writes are made to a database record 
without first calling InsertRecord () orUpdateRecord (). One 
of these must be called for each set of changes made to an existing 
record. • 

To actually modify a record, we need to use one of the functions 
defined below: 

IMPORT_C void WriteUintL(const TDesC &aColumn, 
const TUint32 &aValue); 

IMPORT_C void WriteBoolL(const TDesC &aColumri, 
canst TBaal &aValue); 

IMPORT_C void WriteTextL(canst TDesC &aColumn, 
const TDesC8 &aValue); 

IMPORT_C void WriteTextL(canst TDesC &aCalumn, 
canst TDesC16 &aValue) ; 

I MPORT_C void WriteLongTextL (con st TDesC &aColumn , 
const TDesC &aVal ue); 

IMPORT_C void SetNullL(const TDesC &aColumn ) ; 

The forms here are analogous to those used to read from entries, 
in that writing is done by entering specific values into specific 
columns. The name of the column is given as a st.ring for the first 
parameter and the value to be written is given as the second. As 
with reading, we can write using three data types: integer, Boolean, 
and string. Strings can be written in 8-bit and 16-bit forms, and long, 
unlimited strings allocated from the heap may be written using the 
Wri teLongTextL () function. A specific column may be made to 
be null (i.e., having no value, as opposed to a blank value) by the 
SetNullL () function. 

When changes to a record have been completed, these changes 
need to be committed to the database. Commitment of changes is 
done on a record-by-record basis; we cannot commit changes to 
several records at once. We commit changes by calling the function 
defined below: 

IMPORT C Tint PutRecordChanges(TBool aHidden EFalse , 
TBool aRe adOnly = EFalse); 

This call allows some tailoring to be done to the record as it 
is committed to the database. The record can be designated as 
hidden; it can also be entered as read-only. These attributes are 
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retained until the next commitment of changes to it in the database

Prior to closing access to the database changes to record can be

cancelled by using the following function

void CancelRecordChanges

This is effective for both new started with InsertRecord and

existing records started with UpdateRecord
As an example lets say we continue our crusade against zero

PINs We want to change all PINs in the ChargeCard table that

are 0000 to have the value 4321 We could use the code fragment

below to do this

view db-OpenViewLCTPtrCCHARGECARD
LSELECT FROM chargeCard WHERF Pin 0000

result view-GotoFirstRecord
while result KErrNone

view- UpdateRecord
view-WriteTextLTPtrCCHARGECARD PIN L4321
view-PutRecordChaflqes
result viewGotoNextRecord

18.2.5 Using Transactions

There are times when we should be concerned that allowing mul

tiple users to simultaneously access the communications database

might cause problems For example if process is reading the

entries that another process is changing the reader might get the

wrong information Transactions help to avoid these situations

transaction is set of statements that is guaranteed to run

atomically This means that transaction will either run from start

to finish with no interference from other processes or it will not

be run at all This is useful for both database readers and writers

readers can be assured of no changes during read and writers

can be assured that the written data will be used as unit with no

half-completed writes conveying bad information

The CCommsDatabaseBase class provides functions to imple

ment transactions transaction is bracketed by the functions

defined below

IMPORT TInt BeginTransaction
IMPORT_c TInt ComrnitTransaction

Any statement between the two functions above is assumed to be

part of the transaction The system implements the transaction as

follows
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retained until the next commitment of changes to it in the database. 

Prior to closing access to the database, changes to a record can be 

cancelled by using the following function: 

void CancelRecordChanges(); 

This is effective for both new (started with InsertRecord ()) and 

existing records (started with UpdateRecord () ). 

As an example, let's say we continue our crusade against zero 
PINs. We want to change all PINs in the ChargeCard table that 

are 0000 to have the value '4321 '. We could use the code fragment 

below to do this: 

view= db->OpenViewLC (TPtrC(CHARGECARD), 

_L("SELECT * FROM ChargeCard WHERE Pin= '0000'")); 

result= view- >GotoFirstRecord(); 
while (result== KErrNone) { 

view->UpdateRecord(); 
view->WriteTextL(TPtrC(CHARGECARD_PIN), _L("43 21 ")); 

view->PutRecordChanges(); 
result= view->GotoNextRecord(); 

18.2.5 Using Transactions 

There are times when we should be concerned that allowing mul­

tiple users to simultaneously access the communications database 

might cause problems. For example, if a process is reading the 

entries that another process is changing, the reader might get the 
wrong information. Transactions help to avoid these situations. 

A transaction is a set of statements that is guaranteed to run 

atomically. This means that a transaction will either run from start 

to finish with no interference from other processes or it will not 

be run at all. This is useful for both database readers and writers; 
readers can be assured of no changes during a read, and writers 

can be assured that the written data will be used as a unit with no 
half-completed writes conveying bad information. 

The CCommsDa tabaseBase class provides functions to imple­

ment transactions. A transaction is bracketed by the functions 
defined below: 

IMPORT C Tlnt BeginTransaction(); 
IMPORT C Tint CommitTransaction() ; 

Any statement between the two functions above is assumed to be 
part of the transaction. The system implements the transaction as 
follows: 
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The use of the BeginTransaction function causes the

system to try to obtain read-lock on the database This type

of lock is shared by readers and while only read operations are

being used multiple reacHocks may coexist on the database

At the time the first write operation is used the system converts

the read-lock obtained by the process to write-lock Ite-locks

write-lock

When the CommitTransaction function is used the lock

held by the process committing the transaction is removed and

any changes made during the transaction are committed to the

database

If write-lock is already held by another user when BeginTrans
action call tries to obtain read-lock the function call will

return KErrLocked error code Note that chaqges to the

made during transaction still require additional PutRecord
ChangesO calls the CornmitTransaction function will not

take care of operation çcmmitment
It is possible to rollback changesthat is reverse themif

transaction is terminated with the following function

IMPORT void RollbackTransactionO

This function call is used in place of calling CommtTransac
tion It causes all changes to the database to be discarded and

removes any locks

Information about transactions and locking status can obtained

by the following functions

IMPORT TBool InTransactionO
IMPORT TBool IsflatabasewriteLockedLO

If transaction is in progressdetermined by whether process

has made BeginTransaction callthen the InTrans
action function will return an ETrue value If the database

has been write-locked by process the IsDatabasewrite
LockedL will return an ETrue value

Lets rework our anti-zero-PIN example one more time This

time we will change the way we select records and we will group
all changes in transaction The code is below

view db-OpenViewMatchingTextLC TPtrC CHARGECARD
LPin L0000

db-BeginTransactionO
result view-GotoFirstRecord
while result KErrNone
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• The use of the BeginTransaction () function causes the 
system to try to obtain a read-lock on the database. This type 
of lock is shared by readers and, while only read operations are 
being used, multiple read-locks ma_y coexist on the database. 

• At the tfme the first write operation is used, the system converts 
the read-lock obtained by the process to a write-lock. Write-locks 
are e2<_cl.~~iye, and no read- or write-locks may coexist_with_.f! 
write-lock. 

• When the Commi tTransaction () function is used, the lock 
held by the process committing the transaction is removed, and 
any changes made during the transaction are committed to the 
database. 

If a write-lock is already held by another user when a BeginTrans -
action () call tries to obtain a read-lock, the function call will 
return a KErrLocked error code .. Note that~h~_o.g_e._s._t9Jh~.datab.as,_~ 
made duri_ng_a_ transactio[l still _ _requ.i.re.. additfenal -PutRe.cor.d::- .,~~­
Chapge_s._() __ c:alls; t_he Commit Transaction ( ) function will not 
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It is possible to rollback changes-that is, reverse them-if a 
transaction is terminated with the following function: 

IMPORT_c ·void Rollb a c kTransaction( ) ; 

This function call is used in place of calling Commi tTransac­
tion (). It causes all changes to the database to be discarded and 
removes any locks. 

Information about transactions and locking status can obtained 
by the following functions: 

IMPORT_C TBool InTra n s a c tion () ; 
I MPORT_C TBool IsDatabas eWriteLockedL () ; 

If a transaction is in progress- determined by whether a process 
has made a BeginTransaction () call - then the InTrans­
action () function will return an ETrue value. If the database 
has been write-locked by a process, the IsDatabaseWrite­
LockedL () will return an ETrue value. 

Let' s rework our anti-zero-PIN example one more time. This 
time, we will change the way we select records, and we will group 
all changes in a transaction. The code is below: 

v iew= db - >OpenVi ewMa t c hingTextLC( TPtrC (CHARGECARD) , 
_ L ( "Pi n " ) , _ L( " 00OO")) ; 

-f► db - >BeginTransact i on () ; 
result = view- >Got oFirstReco rd (); 
while (result == KErrNo ne) { 
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view-UpdateRecord
view-WriteTextLTPtrCCHARGECARD PIN L4321
view-PutRecordChanges
result view-GotoNextRecord

db-CommitTransactionO

During this change to the chargecard table no readers or writers

can access the database

18.2.6 Special Purpose Tables

Table 18.1 lists the tables in the communications database While

you are encouraged to explore all of them and most are self-

explanatory there are few that need further explanation

The connection preferences tables contain information about the

ordering of Internet Access Points lAPs in connection sequence
These lAPs are tried in order until connection succeeds There

is sequence specified for incoming connections and for outgoing

connections The information in the table contains ranking of

the lAP in the sequence the type of bearer that should be used

determination of how to interact with the user about this lAP

e.g conversing with the user through dialog before connecting

or connecting automatically and the direction of the connection

Connection preference tables are represented by their own class the

CCommsDbConnectionPrefTableView class this class has its

own functions to open and view each table as well as to browse

each table in specific order

There is special table that holds global settings These are

settings
that govern all connection attempts They are miscellaneous

settings
like the number of dial attempts and whether device

accepts incoming GPRS connections To use these settings no view

needs to be estabflshed tabte is opened automatically when th
communications database object is createGlobal settings can be

read written and cleared using the function definitions below

IMPORT void GetolobalSettingLconst TDesC asetting
TUint32 aValue

IMPORT_C void GetGlobalSettingLconst TflesC aSetting
TOes aValue

IMPORT_C void SetGlobalSettingLconst TDesC aSetting
TtJint32 aValue

IMPORT_C void SetGlobalSettingLoonst TDesC aSetting
oonst TDesC aValue

IMPORT_C void ClearolobalSettingLconst TDesC aSetting
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¥ r----:) view- >UpdateRecord ( ) ; 
view- >WriteTextL (TPtrC (CHARGECARD_PIN) , _L("4321" )); 

view- >PutRec ordChanges(); 
result= v iew- >GotoNextRecord() ; 

--t'? db->CommitTransaction(); 

During this change to the ChargeCard table, no readers or writers 
can access the database. • 

18.2.6 Special Purpose Tables 

Table 18.1 lists the tables in the communications database. While 
you are encouraged to explore all of them, and most are self­
explanatory, there are a few that need further explanation. 

The connection preferences tables contain information about the 
ordering of Internet Access Points (IAPs) in a connection sequence. 
These IAPs are tried in order until a connection succeeds. There 
is a sequence specified for incoming connections and for outgoing 
connections. The information in the table contains a ranking of 
the IAP in the sequence, the type of bearer that should be used, 
a determination of how to interact with the user about this IAP 
(e.g., conversing with the user through a dialog before connecting 
or connecting automatically), and the direction of the connection. 
Connection preference tables are represented by their own class (the 
CCommsDbConnectionPrefTableView class); this class has its 
own functions to open and view each table as well as to browse 
each table in a specific order. 

There is a special table that holds " global" settings. These are 
settings that govern all connection attempts. They are miscellaneous 
settings like the number of dial attempts and whether a device 
accepts incoming GPRS connections. To use these settings, no view 
needs to be established; a t?.l>_l~J~_opened automati~~!!.Y._when the-

c ommumcations database _object_ is <::_~~~ted-. ·c·1oba·1 settings can be 
read, wiTtten, and cleared using the function definitions below: 

I MPORT_C void Get Gl obalSett i ng L {const TDesC &aSe tt ing, 
TUint32 &aValue); 

I MPORT_C void GetGlob a lSettingL(const TDesC &aSetting, 
TDes &aVal ue ); 

IMPORT_ C void SetGlobalSetting L (const TDe.sC &aSett ing, 
TUint32 aValue) ; 

I MPORT_C void SetGloba l Se tt ing L (const TDesC &aSett i ng , 
const TDesC &aValue); 

I MPORT_C vo~ d ClearGl oba lSetting L (const TDesC &a Setting) ; 
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Settings have either integer or string values Each function takes

the name of the setting to access as the first parameter Get
GlobalSettngL fillsthe second parameter SetGlobalSet
tingL takes the new value from the second parameter

Examine the Global Settings

The cd.bcols file has the set of global settings that can be

used In addition browsing the communications database VIJ

the setupcomtns shell command will show you all the current

settings of these global parameters

18.2.7 Other Functionality

In addition to the large core of operations that we have covered

there are few more concepts that we need to deal with before we
leave communications databases We will overview them here

Deleting records

No set of operations would be complete without the ability to

delete Deleting records is accomplished by the following function

IMPORT TInt DeleteRecordO

As with other database changes deleting record must be commit

ted to the database by calling PutRecordChanges

Notification of changes

Applications can be notified by the system when changes are made

to the communications database Notification involves waiting for

the system to send signal and this kind of situation naturally calls

for an active object As with other active object scenarios notifica

tion of database events requires that an active object makes request

and uses SetActive to return control to the operating system
This notification request is made via the CCommsDatabaseBase

function below

IMPORT TInt RequestNotificationTRequeststatus aStatus

As is the standard operating procedure this asynchronous call

includes status variable through which we can receive database

update information This request can be cancelled through the

function below

IMPORT void CanceRequestNotification
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Settings have either integer or string values. Each function takes 
the name of the setting to access as the first parameter. Get -
Global Set tingL () fills the second parameter; SetGlobalSet­

tingL () takes the new value from the second parameter. 

18.2.7 Other Functionality 

In addition to the large core of operations that we have covered, 
there are a few more concepts that we need to deal with before we 
leave communications databases. We will overview them here. 

Deleting records 

No set of operations would be complete without the ability to 
delete. Deleting records is accomplished by the following function: 

IMPORT_C Tint DeleteRecord () ; 

As with other database changes, deleting a record must be commit­
ted to the database by calling PutRecordChanges (). 

Notification of changes 

Applications can be notified by the system when changes are made 
to the communications database. Notification involves waiting for 
the system to send a signal, and this kind of situation naturally calls 
for an active object. As with other active object scenarios, notifica­
tion of database events requires that an active object makes a request 
and uses SetActi ve () to return control to the operating system. 
This notification request is made via the CCommsDatabaseBase 
function below: 

IMPORT_C Tint RequestNotification(TRequestStatus &aStatus); 

As is the standard operating procedure, this asynchronous call 
includes a status variable through which we can receive database 
update information. This request can be cancelled through the 
function below: 

IMPORT_C void Cancel RequestNotification (); 
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Upon notification of database event the type of change that

occurred is denoted in the value of the status variable passed

the request function The value of this variable is defined by the

enumerators of the RDbNotifier TEvent structure

Hidden records

Records can be designated as hidden in the communications

database Hidden records do not show up in normal record selec

tions To allow hidden records to be selected an application must

call the CCommsDatabaseBase function below

IMPORT void ShowHiddenRecordS

Records are designated as hidden when the PutRecordChange

function is called Including the first parameter with an ETrue value

will make this designation

Specialized functions

There are few functions in the class collection for the communi

cations database that are not specifically tied to tables or setting

but are useful nonetheless

The functions below resolve phone numbers

IMPORT static void ResolvePhoneNumberL

TDesC aNumber TOes aflialString
TParseMode aDialparseMode

TUint32 aLocationld TUint32 aChargecardld
IMPORT void ResolvePhoneNumberFromflatabaseL

TDesC aNumber TOes aDialString
TParseMode aDiaParseMode

TUint32 aLocationld TUint32 aChargecardld

These functions from the CCommsDatabaseBase class will take

phone number in the first parameter and translate it into the second

parameter using the specific parsing function dialing location and

charge card given in the rest of the parameters

Each table can have template record record that is copied

to new record whenever one is cated This is useful for

establishing default values in records Template records are

own class the CcommsDbTemplateRe
cord class and are manipulated in the same way standard

communications database records are manipulated

The communications database uses the idea of pxeiriesettIngs

These settings are tablename columnname value triples that
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Upon notification of a database event, the type of change that 
occurred is denoted in the value of the status variable passed 
the request function. The value of this variable is defined by the 
enumerators of the RDbNotifier: : TEvent structure. 

Hidden records 

Records can be designated as hidden in the communications 
database. Hidden records do not show up in normal record selec­
tions. To allow hidden records to be selected, an application must 
call the CCommsDatabaseBase function below: 

IMPORT_C void ShowHiddenRecords(); 
e 

Records are designated as hidden when the PutRecordChanges () 

function is called. Including the first parameter with an ETrue value 
will make this designation. 

Specialized functions 

There are a few functions in the class collection for the communi­
cations database that are not specifically tied to tables or setting, 
but are useful nonetheless. 

• The functions below resolve phone numbers: 

IMPORT C static void ResolvePhoneNumberL( 
TDesC &aNumber, TDes &aDialString, 
TParseMode aDialParseMode, 

TUint3 2 aLocationid, TUint32 aChar gecar did) ; 
IMPORT_C void ResolvePhoneNumberFrornDatabaseL( 

TDesC &aNumber, TDes &aDi alString, 
TPa rseMode aDi alParseMode, 

TUi n t32 aLocat i onid, TUint3 2 aChargecardid}; 

These functions from the CCommsDatabaseBase class will take a 
phone number in the first parameter and translate it into the second 
parameter, using the specific parsing function, dialing location and 
charge card given in the rest of the parameters. 

• Each table can have a template record, a record that is copied 
to a new record whenever one . is created. This is useful for 
establishing default values in res:_g!d~;. Template records are 
implemented oytneir own class (the CCommsDbTemplateRe ­

cord class) and are manipulated in the same way standard 
communications database records are manipulated. 

• The communications database uses the idea of oveaiLl.e_set~ 
. These setting? are (tablename, columnname, value) triples that 
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override the settings in the communications database for

single connection only These settings are implemented by their

own class the CCommDbOverridesettngs class The use

of these settings provides way to change singJ configuration

set without changing the database

18.3 Summary

This chapter has dealt with the Symbian OS communications

database the database which holds the configuration settings for

Symbian OS communication systems These settings are to be

persistent between application executions and can be changed by

applications We discussed configuration issues and spent most of

the chapter reviewing the API for manipulating the communications

database

The next chapter is the final chapter in this book In it we discuss

the future of communications support on Symbian OS
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o~rrlqg thf s.ettings .. .in . .tbe C_QllJ.Jil.!JniCations databasec.fm a 
?if:!gle._ c::_qnn~~ti9nqn!J1: These settings are-implemented by their 

. . own class (the CCommDbOverrideSettings class). The use 
of the?E: ?-'=!ting~_ pn_)_vides a way to change ,? .. S.iJJgJg __ c::qnfig9r,§l!!-9_n 
s_~t\V\_th~)ut_cbanging Jhe data.base. 
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18.3 Summary 

This chapter has dealt with the Symbian OS communications 
database, the database which holds the configuration settings for 
Symbian OS communication systems. These settings are to be 
persistent between application executions and can be changed by 
applications. We discussed configuration issues and spent most of 
the chapter reviewing the API for manipulating the communications 
database. 

The next chapter is the final chapter in this book. In it, we discuss 
the future of communications support on Symbian OS. 
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Looking Ahead

The computer field is strewn with empty predictions by intelligent

people Thomas Watson when he was chairman of IBM said in

945 that there is world market for maybe five computers Ken

Olsen then the president and founder of Digital Equipment Corpo
ration said in 1977 There is no reason why anyone would want

computer in the home Even Bill Gates founder of Microsoft said

about computers memory capacity 640 should be enough for

anybody He said that in 1981

Nevertheless am going to finish this book by looking into the

future and making few predictions We have spent this book

looking at Symbian OS version 6.1 At this writing January 2002
Symbian OS version 7.0 is being launched These new development
efforts will undoubtedly test the communication architecture by

implementing new ways to use communication technology New
media new protocols and new forms of content will likely be

incorporated in hardware and software for Symbian OS devices

This chapter looks at what is possible for future implementation
There are some obvious technologies we will see these first Then

there are some technologies way out there on the horizon We will

mention these in closing

19.1 The Next Step GPRS

Symbian OS version 7.0 contains support for GPRS integrated into

the messaging infrastructure There is some support in version 6.1

19.1.1 What is GPRS

General Packet Radio Service GPRS is bridge protocol imple
mented for 2.5G networks Second generation 2G networks are
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The computer field is strewn with empty predictions by intelligent 
people. Thomas Watson, when he was chairman of IBM, said in · 
1945 that "there is a world market for maybe five computers". Ken 
Olsen, then the president and founder of Digital Equipment Corpo­
ration, said in 1977 "There is no reason why anyone would want a 
computer in the home". Even Bill Gates, founder of Microsoft, said 
about a computer's memory capacity, " 640 K should be enough for 
anybody". He said that in 1981. 

Nevertheless, I am going to finish this book by looking into the 
future and making a few predictions. We have spent this book 
looking at Symbian OS version 6.1. At this writing Uanuary 2002), 
Symbian OS version 7.0 is being launched. These new development 
efforts will undoubtedly test the communication architecture by 
implementing new ways to use communication technology. New 
media, new protocols, and new forms of content will likely be 
incorporated in hardware and software for Symbian OS devices. 

This chapter looks at what is possible for future implementation. 
There are some obvious technologies; we will see these first. Then 
there are some technologies way out there on the horizon. We will 
mention these in closing. 

19.1 The Next Step: GPRS 

Symbian OS version 7.0 contains support for GPRS integrated into 
the messaging infrastructure. There is some support in version 6.1. 

19.1.1 · WhatisGPRS? 

General Packet Radio Service (GPRS) is a bridge protocol, imple­
mented for 2.5G networks. Second generation (2G) networks are 
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in common use today allowing technologies such as GSM to

implement voice and data transport Third generation 3G networks

are several years off they require new and expensive equipment

2.5G networks upgrade the speed of 2G networks while avoiding

the high price tag of 3G networks GPRS is one of the services

provided by 2.5G networks

GPRS is data-only enhancement to GSM Where GSM pro
vides both voice and data transport GPRS provides only data

transport Recall from Chapter that GSM uses Time Division

Multiplexing TDM to place digitized voice or data information

into fixed size packets that get transferred in fixed time slots Cur

rently this multiplexing is done over set of circuits each circuit

represents voice or data channel Although the data is sent in

packets the circuits are multiplexed in order This means that if

nothing is sent over circuit then that slot in the multiplexed

data stream is empty GPRS uses true packet switching all data

is sent via packets exactly when they are ready The time slots

are still fixed but each will contain data packet if there is

one available The stream resembles network and network con

cepts such as packet reassembly and fragmentation are applicable

to GPRS
GPRS reduces overhead and increases the utilization of slots in

the multiplexed stream It takes on properties of networki.e it

is always on and supports concepts like virtual connections Data

over GPRS also move much faster the upper bound on data speed

over GPRS is 171.2 Kbps versus 19.2 Kbps for GSM This upper

bound depends on the maximum number of timeslots used for

GPRS packets eight slots is the maximum initial implementations

will likely fall back to using two or three slots thereby reducing the

speed practically possible

GPRS also transitions users from the restrictions and costs of

dial-up model of Internet access to the benefits of always-on

network-style access Users who use dial-up technologies like GSM

are used to delay for connection time slower access times and

cost model that charges for the duration of the connection GPRS is

always on and connection time is vastly reduced The cost model

for GPRS is to charge for data sent or received This means that

normal uselike reading and understanding Web pagewill

potentially cost much less with GPRS
There are downsides to using GPRS Because it takes more times

lots than other technologies it does not share the frequencies as

well and therefore consumes more resources Other communica

tion methodsvoice and 2G data can transmit in parallel with

GPRScan be squeezed out by too much GPRS traffic In addition
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in common use today, allowing technologies such as GSM to 
implement voice and data transport. Third generation (3G) networks 
are several years off; they require new and expensive equipment. 
2.SG networks upgrade the speed of 2G networks while avoiding 
the high price tag of 3G networks. GPRS is one of the services 
provided by 2.SG networks. 

GPRS is a data-only enhancement to GSM. Where GSM pro­
vides both voice and data transport, GPRS provides only data 
transport. Recall from Chapter 4 that GSM uses Time Division 
Multiplexing (TDM) to place digitized voice or data information 
into fixed size packets that get transferred in fixed time slots. Cur­
rently, this multiplexing is done over a set of circuits; each c ircuit 
represents a voice or data channel. Although the data is sent in 
packets, the circuits are multiplexed in order. This means that if 
nothing is sent over a circuit, then that slot in the multiplexed 
data stream is empty. GPRS uses true packet switching; all data 
is sent via packets exactly when they are ready. The time slots 
are still fixed, but each will contain a data packet if there is 
one available. The stream resembles a network, and network con­
cepts such as packet reassembly and fragmentation are applicable 
to GPRS. 

GPRS reduces overhead and increases the utilization of slots in 
the multiplexed stream. It takes on properties of a network-i.e., it 
is always on and supports concepts like virtual connections. Data 
over GPRS also move much faster; the upper bound on data speed 
over GPRS is 171.2 Kbps, versus 19.2 Kbps for GSM. This upper 
bound depends on the maximum number of timeslots used for 
GPRS packets (eight slots is the maximum); initial implementations 
will likely fall back to using two or three slots, thereby reducing the 
speed practically possible. 

GPRS also transitions users from the restrictions and costs of a 
dial-up model of Internet access to the benefits of " always-on" 
network-style access. Users who use dial-up technologies like GSM 
are used to a delay for connection time, slower access times; and a 
cost model that charges for the duration of the connection . GPRS is 
always on and connection time is. vastly reduced: The cost model 
for GPRS is to charge for data sent or received. This means that 
normal use- like reading and understanding a Web page-will 
potentially cost much less with GPRS. 

There are downsides to using GPRS. Because it takes more times­
lots than other technologies, it does not share the frequencies as 
well and therefore consumes more resources. Other communica­
tion methods-voice and 2G data can transmit in parallel with 
GPRS-can be s~ueezed out by too much GPRS traffic. In addition, 
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the use of several timeslots at once increases the probability that

packets will be lost or corrupted by assembly errors This results in

greater overhead and reduced data throughput
It is important here to reiterate that GPRS is stopgap measure It

is intended to upgrade 2G networks by using the same equipment
with new protocols In doing so it paves the way for 3G network

implementation

19.1.2 Using GPRS

In order to take advantage of GPRS users need several different

technologies to come together

user must have GPRS-enabled phone and/or computer

Existing GSM or TDMA devices do not support GPRS

user must subscribe to carrier service that implements GPRS
GPRS-enabled service is

just now in 2002 being implemented
and is in its infancy

GPRS must be enabled for particular service Because data and

voice services can be run in parallel with GPRS it is possible

that user will have voice service and not data service Users

need to be specifically enabled for GPRS data use

Theremustbea GPRS-enabled destination In addition to mobile

devices Internet destinations are reachable through GPRS we
call these GPRS-enabled

It is important to think of GPRS as analogous to TCP/IP or WAP and

not equivalent to something like GSM Web pages are accessible

over GPRS for example as are other data services like email and

printing protocols

19.1.3 Symbian OS Support for GPRS

The support that Symbian OS needs to give to GPRS is minimal

Currently version 6.1 treats GPRS in the same way as it handles

GSM both are considered to be call-oriented connection media

In version 6.1 devices can receive SMS over GPRS and GPRS is

integrated into ETeI However it is not yet viewed like network

protocol there are no PRT modules implemented yet This means

programmers cannot use GPRS for data link layer transport and

users with GPRS data service cannot use it transparently as they

would services like network transport These will undoubtedly be

coming in future versions
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the use of several timeslots at once increases the probability that 
packets will be lost or corrupted by assembly errors. This results in 
greater overhead and reduced data throughput. 

It is important here to reiterate that GPRS is a stopgap measure. It 
is intended to upgrade 2G networks by using the same equipment 
with new protocols. In doing so, it paves the way for 3G network 
implementation. 

19.1.2 Using GPRS 

In order to take advantage of GPRS, users need several different 
technologies to come together: 

• A user must have a GPRS-enabled phone and/or computer. 
Existing GSM or TOMA devices do not support GPRS. 

• A user must subscribe to a carrier service that implements GPRS. 
GPRS-enabled service is just now (in 2002) being implemented 
and is in its infancy. 

• GPRS must be enabled for a particular service: Because data and 
voice services can be run in parallel with GPRS, it is possible 
that a user will have voice service and not data service. Users 
need to be specifically enabled for GPRS data use. 

• There must be a CPRS-enabled destination. In addition to mobile 
devices, Internet destinations are reachable through GPRS (we 
call these "GPRS-enabled"). 

It is important to think of GPRS as analogous to TCP/IP or WAP and 
not equivalent to something like GSM. Web pages are accessible 
over GPRS, for example, as are other data services, like email and 
printing protocols. 

19.1.3 Symbian OS Support for GPRS 

The support that Symbian OS needs to give to GPRS is minimal. 
Currently, version 6.1 treats GPRS in the same way as it handles 
GSM: both are considered to be call-oriented connection media. 
In version 6.1, devices can receive SMS over GPRS, and GPRS is 
integrated into ETel. However, it is not yet viewed like a network 
protocol; there are no PRT modules implemented yet. This means 
programmers cannot use GPRS for data link layer transport and 
users with GPRS data service cannot use it transparently as they 
would services like network transport. These will undoubtedly be 
coming in future versions. 
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19.2 Internet Protocol version

Currently there are only 4294967296 possible IP addresses

While this may seem like lot when you take out the reserved

addresses e.g for local host or multicasting and the addresses

used for broadcasting the actual number that can be assigned to

devices is substantially reduced If you consider how many devices

might possibly be assigned an IP address e.g it is estimated

that there were 860 million mobile phones worldwide at the end

of 2001 and that this number will double in five years this

number dries up quickly Even with schemes like dynamic address

assignment IP numbers are starting to become scarce

Most of todays Internet uses version of the Internet Protocol

lPv4 IPv4 is now nearly twenty years old and has been remark

ably resilient in spite of its age But recently it has developed some

problems First and foremost there is the growing shortage of IPv4

addresses Second as more devices proliferate across many differ

ent carriers routing algorithms have grown in complexity and have

tested the bounds of IPv4 routing capability Third more protocols

on more devices have pushed the limits of fixed headers in IP pack

ets Finally issues of autoconfiguration and self-renumbering have

cropped up as beneficial to system administrators and users alike

Internet Protocol version IPv6 has been designed to address

these situations and more The most noticeable change with IPv6

is the size of its addresses IPv6 addresses are 128 bits wide versus

32 bits for IPv4 The notation is colon-delimited notation such

as where each letter is 16-bit quantity This

address space now contains 2128 addresses or 3.4 1038 Because

the address space is so large we can create additional addressing

hierarchies lPv4 addresses are split into network ID and host ID

portions IPv6 could add new level of Internet Service Provider

to these existing levels IPv6 routing might first route packet

according to the ISP ID then route to network within the ISP and

finally route to host

IPv6 also specifies flexible header format to packets Many

headers are optional and can be omitted This accommodates both

lower-bandwidth networks and networks with large capacity that

want more features built into each packet IPv6 is open-ended with

its protocol definition More protocols can be added in the future

and can be incorporated into the protocol structure underlying

network hardware could change without harming the protocol stack

IPv6 also includes support for the autoconfiguration and dynamic

renumbering of machines address new machine could join

an lPv6 network by assigning itself an address and changing that
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19.2 Internet Protocol version 6 

Currently, there are only 4,294,967,296 possible IP addresses. 

While this may seem like a lot, when you take out the reserved 

addresses (e.g, for a local host or multicasting) and the addresses 

used for broadcasting, the actual number that can be assigned to 

devices is substantially reduced. If you consider how many devices 

might possibly be assigned an IP address (e.g., it is estimated 

that there were 860 million mobile phones worldwide at the end 

of 2001, and that this number will double in five years), this 

number dries up quickly. Even with schemes like dynamic address 

assignment, IP numbers are starting to become scarce. 
Most of today's Internet uses version 4 of the Internet Protocol 

(1Pv4). IPv4 is. now nearly twenty years old and has been remark­

ably resilient in spite of its age. But recently, it has developed some 

problems. First and foremost, there is the growing shortage of IPv4 

addresses. Second, as more devices proliferate across many differ­

ent carriers, routing algorithms have grown in complexity and have 

tested the bounds of IPv4 routing capability. Third, more protocols 

on more devices have pushed the limits of fixed headers in IP pack­

ets. Finally, issues of autoconfiguration and self-renumbering have 

cropped up as beneficial to system administrators and users alike. 

Internet Protocol version 6 (IPv6) has been designed to address 

these situations and more. The most noticeable change with IPv6 

is the size of its addresses. IPv6 addresses are 128 bits wide, versus 

32 bits for IPv4. The notation is a colon-delimited notation, such 

as A: B: c: D: E: F: G: H, where each letter is a 16-bit quantity. This 

address space now contains 2128 addresses, or 3.4 x 1038 . Because 

the address space is so large, we can create additional addressing 

hierarchies. 1Pv4 addresses are split into network ID and host ID 

portions. IPv6 could add a new level of Internet Service Provider 

to these existing levels. IPv6 routing might first route a packet 

according to the ISP ID, then route to a network within the ISP, and 

finally route to a host. 
IPv6 also specifies a flexible header format to packets. Many 

headers are optional and can be omitted. This accommodates both 

lower-bandwidth networks and networks with large capacity that 

want more features built into each packet. IPv6 is open-ended with 

its protocol definition. More protocols can be added in the future 

and can be incorporated into the protocol structure; underlying 

network hardware could change without harming the protocol stack. 

IPv6 also includes support for the autoconfiguration and dynamic 

renumbering of a machine's address. A new machine could join 

an IPv6 network ?Y assigning itself an address and changing that 
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address on the fly as it participates in network traffic IPv6 has also

been specified to incorporate other protocols addressing schemes
To use IPv6 on network all devices on that network must be

using IPv6 Unfortunately IPv4 is incompatible with IPv6 IPv6 can

incorporate some lPv4 featurese.g an lPv4 address is also an

lPv6 addressbut many facets of lPv4 do not translate to lPv6

So new network equipment new drivers and new software are all

required to take advantage of the new mechanism

Fortunately Symbian OS version 6.1 is lPv6 aware Many of the

APIs that have network interfaces can work with both lPv4 and
lPv6 The protocol modules still need to be upgraded however
compatibility can be easily reached with the inclusion of future

tcpip prt implementation

19.3 Other Future Technologies

It is very safe prediction that GPRS and lPv6 will be incorporated
in future versions of Symbian OS There are other communica
tion technologies being developed whose future is uncertain and
therefore whose support from Symbian OS is not given

19.3.1 MMS Multimedia Messaging Service

messageas we have discussed it in this bookis usually
text-centered object with data attachments These data attachments

can be any type of object and are accessed by using viewer for the

attachment The model for this type of messaging is one that centers

on text messages with connected multimedia pieces that must be
detached and viewed

new standard for messages takes the opposite viewpoint The
Multimedia Messaging Service MMS lets users send and receive

messages with formatted text graphics images and audio and video

clips The model for an MMS message is data stream rather than

set of text It supports image formats e.g GIF and JPEG formats
video formats e.g MPEG and audio formats like MP3

In the MMS model messages can come from many different

sources They can be downloaded to device from WAP site

transferred via an attached device such as digital camera or

received as an MMS message MMS messages can be sent either

to another MMS-enabled mobile phone or converted to email and
sent to an e-mail address

The MMS model does not specify transport but for many formats
it is dependent on networks with high transmission speeds GPRS
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address on the fly as it participates in network traffic. IPv6 has also 
been specified to incorporate other protocols' addressing schemes. 

To use IPv6 on a network, all devices on that network must be 
using IPv6. Unfortunately, IPv4 is incompatible with IPv6. IPv6 can 
incorporate some IPv4 features-e.g., an IPv4 address is also an 
IPv6 address-but many facets of IPv4 do not translate to 1Pv6. 
So, new network equipment, new drivers and new software are all 
required to take advantage of the new IP mechanism. 

Fortunately, Symbian OS version 6.1 is IPv6 aware. Many of the 
APls that have network interfaces can work with both IPv4 and 
IPv6. The protocol modules still need to be upgraded; however, 
compatibility can be easily reached with the inclusion of a future 
tcpip. prt implementation. 

19.3 Other Future Technologies 

It is a very safe prediction that GPRS and IPv6 will be incorporated 
in future versions of Symbian OS. There are other communica­
tion technologies being developed whose future is uncertain and 
therefore whose support from Symbian OS is not a given. 

19.3.1 MMS: Multimedia Messaging Service 

A message-as we have discussed it in this book- is usually a 
text-centered object with data attachments. These data attachments 
can be any type of object and are accessed by using a viewer for the 
attachment. The model for this type of messaging is one that centers 
on text messages with connected multimedia pieces that must be 
detached and viewed. 

A new standard for messages takes the opposite viewpoint. The 
Multimedia Messaging Service (MMS) lets users send and receive 
messages with formatted text, graphics, images and audio and video 
clips. The model for an MMS message is a data stream rather than 
a set of text. It supports image formats (e.g., GIF and JPEG formats), 
video formats (e.g., MPEG 4) and audio formats (like MP3). 

In the MMS model, messages can come from many different 
sources. They can be downloaded to a device from a WAP site, 
transferred via an attached device (such as a digital camera) or 
received as an MMS message. MMS messages can be sent either 
to another MMS-enabled mobile phone or converted to email and 
sent to an e-mail address. 

The MMS model does not specify transport but, for many formats, 
it is dependent on networks with high transmission speeds. GPRS 
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and 3G technologies see Section 19.3.3 are necessary for most

uses GSM can be adapted to support MMS but the slow data

rate of the technology will restrict the formats that can be sent or

received WAP is used for transport over GSM
Several companies have begun to implement MMS compati

ble devices The Nokia 7650 is MMS-capable and the Series 60

development platform for Symbian OS has MMS support built in

Ericssons T68 phone has MMS support and the company also has

adapters that will make non-MMS phones able to receive MMS
messages

19.3.2 i-Mode Service

i-mode is communication suite dedicated to allowing mobile

phone access to Internet protocols It is wildly popular in Japan

but currently only in Japan In October 2001 there were over

27 million i-mode subscribers and this number was increasing by

about 40000 per day There were about 60 million mobile users

in Japan which means that i-mode accounted for about 47% of

mobile phone usage At the moment 99.999% of i-mode users are

Japanese Since i-mode has only been in use since early 1999 these

numbers are quite impressive

i-mode was invented and is currently supported by NTT DoCoMo

subsidiary of NTT Japans national telephone carrier At the

present time NTT DoCoMo is the sole carrier of i-mode data

Just as GPRS is packet-switched extension of GSM or TDMA
phone system i-mode is the packet-switched extension to NTT

DoCoMos ordinary mobile phone system As with GPRS i-mode is

always on This means that it is in part data link layer carrier

with unique properties for use on mobile phones For example

packet sizes are fixed at 28 bytes Overhead reduction is important

because the current speed of i-mode is only 9600 bps

i-mode also addresses content i-mode uses cHTML compact

HTML subset of HTML that represents new HTML standard In

addition to HTML tags i-mode defines additional tags that are used

only in i-mode microbrowsers For example there are new HTML

tags that can define link that dials phone number when it is

clicked and ones that identify Web pages as i-mode pages There

are also many special characters used in i-mode phones such as

symbols for kisses and hot spring baths

comparison between i-mode and conventional phone services

like WAP is not simple At the present time WAP is implemented

over call-based carrier while i-mode is implemented over data

link network carrier WAP uses WML for its contents while i-mode
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and 3G technologies (see Section 19.3.3) are necessary for most 
uses. GSM can be adapted to support MMS, but the slow data 
rate of the technology will restrict the formats that can be sent or 
received. WAP is used for transport over GSM. 

Several companies have begun to implement MMS compati­
ble devices. The Nokia 7650 is MMS-capable and the Series 60 
development platform for Symbian OS has MMS support built in. 
Ericsson's T68 phone has MMS support and the company also has 
adapters that will make non-MMS phones able to receive MMS 
messages. 

19.3.2 i-Mode Service 

i-mode is a communication suite dedicated to allowing mobile 
phone access to Internet protocols. It is wildly popular in Japan 
but currently only in Japan. In October, 2001, there were over 
27 million i-mode subscribers, and this number was increasing by 
about 40,000 per day. There were about 60 million mobile users 
in Japan, which means that i-mode accounted for about 47% of 
mobile phone usage. At the moment 99.999% of i-mode users are 
Japanese. Since i-mode has only been in use since early 1999, these 
numbers are quite impressive. 

i-mode was invented and is currently supported by NTT DoCoMo, 
a subsidiary of NTT, Japan's national telephone carrier. At the 
present time, NTT DoCoMo is the sole carrier of i-mode data. 

Just as GPRS is a packet-switched extension of a GSM or TOMA 
phone system, i-mode is the packet-switched extension to NTT 
DoCoMo's ordinary mobile phone system. As with GPRS, i-mode is 
" always on". This means that it is (i n part) a data l ink layer carrier 
with unique properties for use on mobile phones. For example, 
packet sizes are fixed at 128 bytes. Overhead reduction is important, 
because the current speed of i-mode is only 9600 bps. 

i-mode also addresses content. i-mode uses cHTML (compact 
HTML), a subset of HTML that represents a new HTML standard. In 
addition to HTML tags, i-mode defines additional tags that are used 
only in i-mode microbrowsers. For example, there are new HTML 
tags that can define a link that dials a. phone number when it is 
clicked and ones that identify Web pages as i-mode pages. There 
are also many special characters used in i-mode phones, such as 
symbols for kisses and hot spring baths. 

A comparison between i-mode and conventional phone services 
like WAP is not simple. At the present time, WAP is implemented 
over a call-based carrier while i-mode is implemented over a data 
link network carrier. WAP uses WML for its contents, while i-mode 
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uses cHTML which is perhaps easier to learn However when

comparison is made between WAP using GPRS and i-mode the

two are much closer in function Currently GPRS has the transfer

speed advantage over i-mode

Whatever promise i-mode shows in its popularity and usefulness

is hampered by its proprietary nature At the present NTT DoCoMo
is the sole implementor of i-mode and there have been no attempts

to make i-mode standard Until this changes it is unlikely that we
will see i-mode in wide use outside of Japan

19.33 3G Mobile Phone Service

One of the constant pressures on mobile communication providers

is for faster transmission speeds Digital transmission over current

2G networks is bounded by 19.2 Kbps GPRS running over 2.5G

networks has theoretical upper limit of 171 .2 Kbps While 2.5G

is an improvement it does not approach the speeds necessary

for many of the applications planned for mobile communications

Video streaming for example needs network-level bandwidth

Third generation 3G mobile radio communications will help

meet these bandwidth needs 3G networks will provide data in

speeds up to Mbps For 3G communication GSM and GPRS

protocols of the past will be replaced with Universal Mobile

Telecommunication System UTMS protocols UTMS is radio

communication standard that provides two different transmission

implementations

Frequency Division Duplex FDD is method that uses two

radio frequencies to transmit data down/ink from the provider

to the client and an up/ink from the client to the provider
This method is best used in larger broadcast cells for general

purpose use The maximum data speed in FDD environments is

384 Kbps

Time Division Duplex TDD uses single frequency transmit

ting down and uplinks in fixed time slots Less effort is spent

maintaining pair of frequencies but there are higher error

and transmission rates Therefore TDD must be used in much
smaller cells where the receiver is closer to the transmitter and is

not moving In these environments data rates approach Mbps

TDD has further advantage in that it can be asymmetric in trans

mission The amount of data in the uplink can be very different to the

downlink the Mbps bandwidth would be filled by whatever side

needed to transmit the most This means that TDD is better suited
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uses cHTML (which is perhaps easier to learn). However, when a 
comparison is made between WAP using GPRS and i-mode, the 
two are much closer in function. Currently, GPRS has the transfer 
speed advantage over i-mode. • 

Whatever promise i-mode shows in its popularity and usefulness 
is hampered by its proprietary nature. At the present, NTT DoCoMo 
is the sole implementor of i-mode, and there have been no attempts 
to make i-mode a standard. Until this changes, it is unlikely that we 
wilJ ·see i-mode in wide use outside of Japan. 

19.3.3. 3G Mobile Phone Service 

One of the constant pressures on mobile communication providers 
is for faster transmission speeds. Digital transmission over current 
2G networks is bounded by 19.2 Kbps; GPRS running over 2.SG 
networks has a theoretical upper limit of 171 .2 Kbps. While 2.SG 
is an improvement, it does not approach the speeds necessary 
for many of the applications planned for mobile communications. 
Video streaming, for example, needs network-level bandwidth. 

Third generation (3G) mobile radio communications will help 
meet these bandwidth needs. 3G networks will provide data in 
speeds up to 2 Mbps. For 3G communication, GSM and GPRS 
protocols of the past will be replaced with Universal Mobile 
Telecommunication System (UTMS) protocols. UTMS is a radio 
communication standard that provides two different transmission 
implementations: 

• Frequency Division Duplex (FOO) is a method that uses two 
radio frequencies to transmit data: a downlink from the provider 
to the client and an uplink from the client to the provider. 
This method is best used in larger broadcast cells for general 
purpose use. The maximum data speed in FDD environments is 
384 Kbps. 

• Time Division Duplex (TDD) uses a single frequency, transmit­
ting down and uplinks in fixed time slots. Less effort is spent 
maintaining a pair of frequencies, but there are higher error 
and transmission rates. Therefore, TDD must be used in much 
smaller eel Is, where the receiver is closer to the transmitter and is 
not moving. In these environments, data rates approach 2 Mbps. 

TDD has a further advantage in that it can be asymmetric in trans­
mission. The amount of data in the uplink can be very different to the 
downlink; the 2 Mbps bandwidth would be filled by whatever side 
needed to transmit the most. This means that TDD is better suited 
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for contexts where simple request results in large download of

data e.g requesting video or audio stream

While it is possible to run GPRS over existing GSM equipment

UTMS requires entirely new installations To implement 3G net

works providers are going to have to roll out brand new services to

brand new customer equipment New phone handsets that support

UTMS will be needed However once the equipment is in place

new all-digital services can be used Voice-over-lP VOIP services

that encode analog voice transmission for sending out over IP net

works can be enabled Services that implement IP networking over

UTMS carriers will support efforts like VOIP Messaging services

over high speed connections now take on new meaning when the

carrier services approach network speeds

3G networks will increase call capacity provide network services

to handheld devices and increase transmission speed However

to Symbian OS it will be the carrier that lies underneath much of

the communication architecture The biggest change for Symbian

OS designers to consider will be how 3G will affect services and

applications which are already supported If we can send data at

384 Kbps in an always-on network context how does that affect

SMS messaging Do we really want short messages in this context

How does this affect SMS-based data like WAP content Providing

services in an environment where the quality of networks change

will also be challenging More expensive 3G networks will probably

only be available initially in dense population centers with 2G and

2.5G network coverage elsewhere Providing consistent application

service through service changes and interruptions will be extremely

difficult

19.4 Summary

The word uncertain is good way to summarize future technolo

gies This chapter muses about few technologies of the future and

how Symbian OS might support them However the future is prone

to change While GPRS and lPv6 are almost certain to be used

in the future other technologies change as they are implemented

Only time will tell
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data (e.g., requesting a video or audio stream). 
While it is possible to run GPRS over existing GSM equipment, 

UTMS requires entirely new installations. To implement 3G net­
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to Symbian OS, it will be the carrier that lies underneath much of 

the communication architecture. The biggest change for Symbian 

OS designers to consider will be how 3G will affect services and 

applications which are already supported. If we can send data at 

384 Kbps in an always-on network context, how does that affect 

SMS messaging? Do we really want short messages in this context? 

How does this affect SMS-based data, like WAP content? Providing 

services in an environment where the quality of networks change 

will also be challenging. More expensive 3G networks will probably 

only be available initially in dense population centers with 2G and 

2.SG network coverage elsewhere. Providing consistent application 

service through service changes and interruptions will be extremely 

difficult. 

19.4 Summary 

The word "uncertain" is a good way to summarize future technolo­

gies. This chapter muses about a few technologies of the future and 

how Symbian OS might support them. However, the future is prone 

to change. While GPRS and 1Pv6 are almost c~rtain to be used 

in the future, other technologies change as they are implemented. 

Only time will tell. • 
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