
United States Patent
Peirce, Jr. et al.

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
US005878040A

[i i] Patent Number: 5&S78&040

[45] l)ate of Patent: Mar. 2, 1999

[54] COORDINATION AND CONTROL OF DATA
STRL'AMS THAT TL'RMINATE AT
DnzlrERL'NT TERMINATION UNITS

[75] Inventors: Kenneth L. Peirce, Jr., Whccling;
Daniel L. Schno, lslaml Lal e,
Matthew H. Harper, Carol Stream, all
of Ill

[73[ Assignee: 3Com Corpnrntion, Santa Clara, Calif.

[21 j Appl. Nn: 918,817

[22] I iled: Aug. 26, 1997

Related U.S. Application Data

[S(ij References Cited

U.S. PATENT DOCUMENTS

4,996 683
:1,208,8 I I

5,268.904
5.347,516
5,3S'7 S04
5. s 19,704
S 528 S93
5.s77,105

2&1991

5/1993
12&1993

9 '1994
10&1994

5 '1996
G,&199f&

11 '1996

Faiese et al.
Kash&o et at
Umeda ................
Yi&shish& ...............
5&egmond
I'aiinacci et ah ...
Watch et al.........
gaum ei al.

..... 370,'524
370/4() I

..... 370,'421
37i i/401

..... 370,'46'i
..... 37ii/401
..... 370,'403
.. 379/93.05

[63] Continua(ion of Ser. No. 560,31-1 Nov. 17 1995. Pau No
5,717.G90.

[51] Int. Cl.'............................ H04J 3/12; H041 3/24
[S2] U.S. Cl.. 370/389; 370/420, 370/474
[58[ Irield of Search ................................... 370 352, 389,

370/39& 39S 397 401 402 410 420
421, 473, 474, 522, 524, 902, 904, 470,

471; 379 93.05, 93.06, 93.07

OTHER PUBLICATIONS

Rl C I(i(it The Point—tn—Pomt Protocol, W Simpson, ed,
(.Iul 1994)
RFC 1717 The PPP Multilink Protocol (MP), K. Sklowcr, B.
Lloyd, G. McGregor, D. Carr, (Nov 1994).
G. Conant, "Multilink PPP: One Big Virtual Wan Pipe.'afa

Coaannnica//orts Magaz/ne, pp. 85—90, (Sep. 21,
199S).

f'ri mary /hramrncr~lpuc II I lsu
Arroraey, Agent, or Ffrat~cDonncII Bochncn Hulbcrt k.
Bcrghotf

ABSTRACT

A method fnr conrdinating and controlling multiple data
streams representing a data transmission sessinn that termi-
nate in diacrcnt termination units (such as network access
scrvcrs). The data streams arc transmitted over two or morc
links, collecuvely forming a "bundle'. The termination units
are hnked together preferably over a local area network. One
of the termination units that receives a data stream is
designated as the termination unit to receive and reconstruct
the call. I'he designated termination unit is the "nwner* of
the bundle. Thc termination umt broarlcasts an advcrtisc-
ment consisting of a bundle mapping uprlatc packet software
structure with an iilentilicauon header to alert the other
terminanon units that it is to reconstruct the call. The
identilication header in the adverusemeni noulies the other
termination units that if they should receive a portinn of the
data stream in the bundle, they should forward their packets
of data tn the designated termination unit. Thc sharing of
bundle information bctwcen thc termination units gives a
great deal of. Ilexibihty m the design and type of termination
urn(a that may be employed.

5 Claims, 6 Drawing Sheets

RED HAT 1044 
RED HAT V. CAS



U.S. Patent Mar. 2, 1999 Sheet 1 of 6 5,S7S,040

~
I

L J

FIG. 2
28

FIG. 3

30

32

RED HAT 1044 
RED HAT V. CAS



U.S. Patent Mar. 2, 1999 Sheet 2 of 6 5,S7S,040

RED HAT 1044 
RED HAT V. CAS



U.S. Patent Mar. 2, 1999 Sheet 3 of 6 5,S7S,040

RED HAT 1044 
RED HAT V. CAS



U.S. Patent Mar. 2, 1999 Sheet 4 Qf 6 5,S7S,040

I
(0

p
4

Q)
V)

C p
VI

QI

QI

p)
C (0

I0
C

D I0
C

I0 C
QI 0

C I0 u&

p D,QIQ 'C

QI «OI0

pp) ~ g)
V)
C &, 0

IO

c ~ QIC
~OS'D
C

IQ

QI
Ih — Z

QI Q)QC

VI oI0

& QZ xpro
A

II

I—

Z

VI

C

D
QI

O
QI

I
I
QI

QP~D
4) D
E QI— Q
p) Q
C P
'pI D
&0

QI

QI
VI

~ Q]

Q) 8
C D

C

C QIQQI0
VI P
to I-I

o 0x xOo

I0

Cp

I QI

I0
Q)

C
E.p
p 0

QI

QI P
QI

8 Ep
Q)

C
QI

Op
V p

QI

5 &Z C

QQ
P

Z f-I

~ EAoox xo 0

RED HAT 1044 
RED HAT V. CAS



U.S. Patent Mar. 2, 1999 Sheet 5 of 6 5,S7S,040

RED HAT 1044 
RED HAT V. CAS



U.S. Patent Mar. 2, 1999 Sheet 6 of 6 5,S7S,040

FIG. 7

struct redirection entry (
sturct redirection entry*next;
unsl mpip valid;
unsl mpip age;
unsl mp endpoint type;/ bundle id type*/
unsl mp id endpoint[20];/*holds actual endpoint*/
unss mp mrru;/* '/
unsb phys addres[6]; /* cache MAC address */

unsb mp bundle owner

) RDE;
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1

COORDINATION AND CONTROL OF DATA
STREAMS THAT TERMINATE AT

DHiIrERL'NT TERMINATION UNITS

This is a continuation of application Ser. No OS/660,014
tiled Nov. 17, 199S, now U S Vat No S,717,690

BACKGROUND OF THE INVENTION

A. Field of thc Invention
lc

This invention relates generally to ihe Iield of telecom-
municanon and the processes by which digital data is
transmitted between computer systems over a telephone
netivork or other communications link. 'I'he invention is
particularly suitable for usc in devices that support Intc- ts
grated Scrviccs Digital Network (ISDN) di ital tclcphone
services or other senal communications.

B. Descnption of Related Art

Thc Point-to-Point Protocol (PPP) provirlcs a stanrlarrl
method of encapsulating network layer protocol information io

over point-to-point links. Thc PPP also define an extensible
Linl Control Protocol (LCP), aml proposes a family of
Networl Control Protocols (NCPs) for establishrng aml
configuring different network-layer protocols. The VVV is
described in detail in a senes of documents known as the
Request For Comments, v ith v hich those of skill in thc art
are familiar. Thc Rcqucst For Comments(RF(l) 1661,which
is incorporated by rcfcrcncc hcrcin, gives an informative
overview of the PPP.

The initial deployment nf the VVV has been over short
local lines, leased lines, and plain-nld-telephone-service
(POTS) using modems. As ncw packet scrviccs anil hi hcr
spccd lines arc introduced, PPP is easily dcploycd in these
environments as well.

35
The VVV has three main compnnents
I A procedure for encapsulating, datagrams over serial

links;
!L A Link Control Protocol (LCP) for establishing,

configuring, and testing thc data-link connection, anil ao

3. A family of Network Control Protocols (N(!Ps) for
establishing and mnfiguitng dilferent network-layer
protocols.

In order to establish communicanons over a pomt-to-point
link, each end of the VVV link must first send I.C:V packets
to contigure the data link during the I.ink Lstalilishment
phase. After the link has bccn established, PPP provides for
an optional Authentication phase bcforc procccdin to the
Networl -Layer Protocol phase.

PPP encapsulauon of data communicauons is possible o

when the data is transmitted over digital communication
lines, such as ISBN lines I!IDN Basic Rate Service com-
prises two data channels (referred to as bearer channels or
"B" channels), and a control channel known as the "D'hannel.Thc ISDN D-channel can also bc used for scnrlin 3

PPP packets when suitably framed, but is limiteil in banrl-
width aml often restncts commumcanon links to a local
switch. Since the ISDN B-channel is bv ilelinition a point-
to-point link, VVV is ivell suited to use over ISIIN lines

The I!IDN Primary Rate Interface may support many
concurrent B-channel links. Thc PPP Link Control Protocol
and Nctv ork Control Protocol mechanisms arc particularly
useful m this situation in reducing or eliminatmg hami
configuration, and facilitafing ease of communication
beiween diverse implementanons. ss

In order to accommodate ISIIN data links over multiple
channels simultaneously, a protocol known as VVV Multi-

Linl or MP is used. The PPP MuluLink protocol is descnbed
in the Request I'or Comments 1717, which is incorporated
by reference herein A ood discussion of the advantages of
VVV Multilink can be found in an article authnred by George
E. C'onant, cntitlcd "Multilink PPP: Onc Big Virtual WAN
Pipe", Data Communications, Scp. 21, 1995. In MP, thc clara
stream, which consists of packets, is spit up and inverse-
multiplexed onto multiple channels (such as the two ISDN
B channels), transmitted through the ISBN network, and
then directed to the destination over multiple channels. The
term '*bundle**, as used herein, is intended tn mean a col-
lection of links or logical connections that thc are used for
the communication session. In ISDN basic rate scrvicc, and
where the two bearer channeLs are used for the session, the
two bearer channels comprise a "bundle." At the desnnation,
the data packet stream arriving in separate channels must be
reconstituted or reconstructed after transiting the communi-
cation channels.

Thc above circumstance prcscnts a challcngc to thc design
of equipment for running PPP Multilink on a Primary Rate
Interface server at the ilestination, since the server or ter-
minauon poini is interfacing with a large number of channels
of incnming calls, two of which may together comprise a
bundle Heretofore, one approach as been that of fixed
mapping, i e, restricting all calls to a single server or
gateway card. An alternative approach is time division
multiplcxing, but this approach has limited flexibility.

The present invenuon provides lor a much more fiexible
solution. As described below, bu mlhng information is shared
between all of the termination units that receive the calls at
the Primary Rate Interface The present invention provides
a method for controlling and coordinating bunrfies of data
streams among multiple termination units, and thc reconsti-
tution of the session data at a dcsignatcd termination unit for
transmission of the call to the intended desnnation.

While the discussion below is pnmanly directed to an
ISDN apphcahon, those of skill in the art will appreciate that
the invention is applicable to any communication system in
which a session arrives via multiple hnks at difFerent ter-
mination units.

SUMMARY OF THE INVENTION

A method is provided for coordinatmg anil controlling
multiple data streams rcprcscnting a session that tcrminatcs
in diffcrcnt termination units (such as network access
scrvcrs). Thc termination units arc placed in communication
with each other preferably over a local area network. One of
the terminanon units that receives a data stream representing
a call is designated as the termination unit to receive and
reconstruct the call. I'he designated termination unit is the
"oivncr" of thc bumlle. Thc designated termination unit may
bc thc first termination unit to rcccivc a call in thc session,
or it may bc dctcrmincd by an operator at thc destination or
host for the terminauon units. The designated termination
umt broadcasts an "advertisement'* consisnng ol a soltware
structure referred to herein as a "bundle mapping update
packet '* The bundle mapping update packet contains an
identification fickl to alert thc other termination units that it
has rcccivcd thc call. Thc identification held notifies thc
other termination units that if they should rcccivc a portion
of the data stream via a channel that belongs in the call
onginator's "bundle", representing the session, they should
forward their packets of data to the designated termination
umt, such as by encapsulatmg the packets within an MVIV
redirection hcadcr.

When the other termination units receive the
advertisement, they update their bundle maps and determine
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if. any new dale packet streams chal arrive are designated for
redirection. If so, they (I) determine from the bundle map
which termination unit to send the packet stream to, (2) send
an update message to the clesignated termination unit to let
it knoiv that it has another portion of thc session, and (3)
flush their butfi:rs containing thc data stream lo thc desig-
nated terminauon unit. The sharing of bundle mformation
between lhe lermina non units gives a great cleal of llexibility
in the design and type of terminatinn units that may be

employed
While thc invention in its simplest form is thc coordina-

tion of Lwo lerminalion units lo handle a session over Iwo
channels, Ihe session may lake place over an arbitrary
number of. channeLs. The sharing of. bundle mformahon
betiveen a large number of terminatinn units permits the
invention to be used in much larger and more sophisticated
systems. Thc Ucxibility of thc present invention is bclievccl
to otfcr a substantial improvcmcnt over prior art method of
implemenung PPP Mululink in a mulnple termination unit
environment.

BRIEF DESCRIPTION OF THE DRAWINGS

Presently preferred emhncliments of the invention are
depictccl in thc draivings, whcrcin like rcfcrcncc numerals
refer to like clcmcnts in thc various views, encl whcrcin:

FIG. 1 is a overall block diagram of a system implement-
ing a preferred embodiment of the invention;

FIG. 2 is block diagram of an allcrnativc embodiment of
the invention, showing thc linking of two termination units
of FIG. 1 via a router and a nelworl,

I'IG 3 is a diagram of an alternative embodiment of the
invention, wherein a supervisnr S exercises control over the
broadcasting of buncllc mapping update packets and controls
the reconstruction of thc data stream;

FIG. 4 is a diagram of a protocol structure for implement-
ing the invention in a PPP Multilink environment,

FIG. 5A and 5B arc is an illustration of a buncllc mappin
updating packet according to a prcfcrrcd cmbodimcnt of the
invention, lhe bundle mapping update pacl et containing a

Iield iclennfying the designated lermmauon umt to recon-
struct the call at the destination;

FIG. 6 is an illustration of an MPIP packet accorclin to
the invention, thc MPIP packet containin a mullilink frame
of data from thc source for transmission to thc dcsignatccl
termination unit, and

I'IG 7 is a softivare structure that emhoclies a list element
A bundle mapping table (or l.ink Redirection 'I'able) is a
circularly linked list comprised of Ihc software structure of
FIG. 7.

l)L''AII.L'D DLS('RIP'11ON

Ol'1IL'REFERRED

EMBODIMENT
A. System Overview

Refernng to FIG. 1, a represenlanve implementation of
the invention is shown diagrammaucally in a commumca-
tion system 1U. While the following discussion rs based on
an ISBN implementation, it will he appreciated that the
techniques are applicable to other types of communication
systems (such as T-I) and other WAN topologics. The
system 10 includes a source of data 12 that is linked to a
chenL server A (reference numeral 16) via a network or
communication line 14. The client server A may be, for
example, an ISDN terminal aclapler, or an internal PC card
in the source 12. I'he server A has an ISDN basic rate
interface providing two bearer channels 18A and 18B for

elate The channels 18A and 18 are linked to an ISDN
network 2U. In the embodiment of FIG. 1, lhe client server
16 supports PPP Multilink protocol. Thus, v hcn the client
scrvcr Aplaccs a call to a destination 26, thc data is split over
the two hearer channels 18A and 18B and transmitted
through the network 20 to a destination call receiving system
26. In this embodiment, an ISDN Pnmary Rale Interface
with PPP Mullilink is supported by the desnnanon 26, thus
the call may come in on two of thc channels 22 and 24 that

lo
are part of the ISDN Primary Rate Interface.

In the representative embodiment of I'IG I, the destina-
tion 26 is composed of a plurality of termination units for
incoming calLs, such as a group of networl access servers
28, 3U and 32. Any number of addihonal lerminauon units
may bc provided. Thc network access scrvcrs 28, 30 and 32

'-'ontain communications intcrfacc cards to rcccivc incoming
packets of data from the hnes 22 and 24, and gateway cards
containing suitable hardivare and software systems to place
the calls on a network 36 for transmission lo a desnnation
computer 38, lor example, over a network Persons of skill

zo in thc art arc familiar with network access servers, and such
products arc availablc from companies such as U.S. Robot-
ics Access (lorp, 81(I(l N Mc('ormick lllvd, Skokie, Ill,
the assignee of the present invention Such network access
serves are also descwbed in Ihe patent literature, see, e.g.,
U.S. Pal. No. 5,528,595 to Dale Welsh et al., also assigned
to the assigncc of thc present invention, which is incorpo-
rated by rcfercncc hcrcin.

As noted above, the data stream representing the call from
the source 12 is split up into two data streams that are
received at Ihe, remote termination units 28 and 32. In

io
accordance with the invention, the terminauon units 28, 30,
32, ctc. arc all in communication with each other, such as by
a local area network 34. Thc local area nctv ork 34 may bc
a backplane linking the network access servers 28, 30 and 32
together over a high speed time division multiplexed hus, a
Token Ring network, an Ethernet network, or any other
suitable commumcauons medium. The terminauon units are
linked together so as to sharc bundling information bctwccn
the tcmiination units that happen to rcccivc Ihc data stream
on the lines 22 and 24

ao Morc specifically, when thc call from thc source is split up
in lines 18A and 18B in accorclancc with PPP Multilink, thc
elate streams will arrive at the desunalion 26 in hnes 22 and
24 at chtferent points in lime. According lo a preferred
embodimenl of Ihe invention, the lirst termination uml to
receive the call, such as termination unit nr network access
server B, is designated as a recewing termination unit It has
the responsibility of rcasscmbling thc data stream and for-
warding the data on to thc rcmotc computer 38. When it
receives the call, the termination unit B brotnlcasts or

o "advertises'ia the local area network 34 thai it (unit B) is
the clesignaled lermmation unit. The broadcast is made to the
other termination units in the destination 26, such as unit D
If any of the other termination units receive calls from the
source 12 or client server A(such as unit D) that belong in

s the bundle comprising thc session, they should transmit thc
elate lo lhe designated terminauon unit B The designation of
a termination unit as a lerminanon unit lor reconsnlu ling Ihe
elate stream may be made locally at Ihe desnnalion by a

suitable control or operatnr program, rather than simply
ail heing the consequence of hemg the first termination unit to

rcccivc a call in thc bundle.
This advertising or broadcasting is done by passing a

software structure referred to herein as a *'bundle mapping
update packet*'long the local area network 34. The bundle

as mapping update, packet contains a header tield that identifies
the particular termination unit that is clesignated tn recon-
struct the call.

RED HAT 1044 
RED HAT V. CAS



5,878,040

In Ihe above example, the other termination urn(a (such as
units (:, D, etc.) are also receiving calls from the other
channels in the VRI, and when one of them receives a data
stream that is part of the session from the source 12, the
other termination unit knows Io send its data stream to the
receiving termination unit dcsignatcd as thc bundle owner
because it will have receivecl a bundle mapping update
pacl et mchcahng Ihe termination unit that it rs the bumlle
owner I or example, if termination unit D also receives a
data packet stream from the source, unit D will have
received the broadcast message (i e., bunclle mapping update
packet) from unit B akrting it that unit B is thc dcsignatccl
termination unit. As thc buncllc mappin upclatc packet
males its way around Ihe local area networl 34, 34, it
updates a bundle map soffware structure resident in the Is
termination units 13, (: and D, tints keeping all of the
termination units up-to-date as to what calls are coming m
on the VRI. Preferably, the hunclle mapping update packets
are circulated frequently around thc termination units at the
destination 26, such as cvcry 60 to 120 seconds zo

Of course, the invenuon can be implemented m a wide
variety of network Iopologies, aml Ihe number and type of
termination units &vill vary depencling on the immplexity of
the system. Gate&vay cards and network access servers are
just two representative examples of what is meant by
"termination units". Thc ability to combine cliffcrcnt types of
termination units to rcccivc thc incomin calls in multiple
communication channels gives an enormous amount of
Ilexibility Io Ihe system LU, promoting an elhcient ufrlixation
of VVV Multilmk technology &o

Referring to I'IG 2, the two termination units 2& and 32
that receive the data packet streams may be linked via a
router 36 ancl a network 3&, with thc bundling information
bein shared bctivccn thc termination units 28 and 32 via the
router 36 and network 38. 33

As an alternative conligurauon, FIG. 3 illustrates how the
termination units 28, 30 aml 32 may be lmked to each other
by a net&vork 34, with a supervisor server or computer 40
also on the network 34. 'I'he supervisor 40 monitors the
sharing of bundling information among thc termination units &o

28, 30 and 32 and directs thc processing of thc incomin
calLs among the termination units.

The embodiments of FIGS. 1 —3 illustrate only a few of
many possible combinations of Ierminauon units, routers,
servers, local area net&vorks, in which the invention may be
implemented. Persons of skill in the art will readily appre-
ciate that morc elaborate arrangcmcnts may bc desi mccl
without dcparturc from thc spirit of Ihc invention.

Refernng to FIG. 1, the latency (i.e., delay) in routin ~ of
the portion of the call received by termination unit D to o

receiving termination unit B is an important factor in imple-
menting the invention The latency should be reduced as
much as possible I laving the termination units 13, (I and D,
ctc. on a local area network, ATM (Asynchrounous Transfer
Mode) nctv ork or backplane is a prcfcrrcd cmbodimcnt, as 3

this desi m produces a minimum of latency. The use of a

supervisory controller such as supervisor 40 (FIG. 3), or
routers, may increase latency and dimimsh performance of
the system.
B Sharing of Bundling Information

A protocol has bccn dcvclopcd for implcmcnhn the
invention in a PPP Multilink cnvironmcnt. Wc have tcrmccl
this protocol the Multilink Protocol Inter&pan Protocol
(MPIP).

FIG. 4 is a diagram of a protocol structure for implement- as

ing the invention in a VVV Multilink environment. A MA('MediumAccess ('ontrol) header ancl Data I'rame Area are

at the lowest level. Above Ihe lowest level there is an IP
(Internet Protocol) header and an IV Data Area At the top
there is a UDV (Unnumbered Data Packet) heacler and a
UDV Data Area MVIV packets are used to carry bundle
identification headers and I Multilink Protocol PPP payload
packet. An MPIP packet 50 is shoivn in FIG. 6. Note thc
beamier Iields 6U and the Mululink protocol PPP packet 62
firm Ihe bulk of the MPIP packet. The Mulnlink Protocol
VVV packet 62 in the MVIV packet 50 contains the data that
is transmitted from one termination unit in the destination to
the designated receiving termination unit

Thc UDP IP packets arc used to carry thc bundle mapping
update packets and MP frames. A buncllc mapping upclatc
peel et 7U is shown in FIG. 5 and is used Io update the bundle
maps in the Iermmauon units. The bundle mappm ~ update
packet 70 has an arbitrary number of hunclle map update
fields 72, 74, etc. I'he NUV held 76 identifies the number of
update Iields 72, 74 there are in the packet 70.

Thc list of entries shown in FIG. 7 arc used to hold bundle
information from thc other termination units at Ihc dcstina-
uon. These list of entries are hnked together and circulated
arouml the termination units as a hnked list. Entries are
created dynamically as there is no way to predict the number
of termination units on the local area network 34

I'he fnllowing rules govern the behavior of a chassis on
the local area network 34 for this protocol.

I Information will bc sent out concerning only those
bundks that arc possessed by thc termination units.

2. All the "owned" table (or bunclle map) entries will be
sent out every 60 secomls over the local area networl
34.

3 'I'he IV packet will have a broadcast clestination IV and
MAC addresses and a time to live of I

4 L'ntries in the table &vith age out in 120 seconcls if not
updated via periodic updates from thc bundle mapping
update packet.

5 When a termination unit rcccivcs a bundle advcrtisc-
ment lrom another termination unit, if it also holds a

bundle with Ihe same idenhlication (imhcaung that the
call came over the two data channels from the source 12

at the same time), the two will compare tie breaker
values, and the one with the higher value &vill assume
ownership of thc bundle. Thc tic brcakcr values can bc
arbitrarily assigned, such as thc physical address of thc
Ierminauon unit*& network interlace card (nol shown)
or some other criteria, Ihe details of which are not
important.

If the termination unit holds the lower value (it lost the
tie-breaker) it adds an entry into the map for the now
foreign bundle, marks thc mp bundle owner field
FALSE, indicating that it is not thc bundle owner and,
hcncc, is is not rcsponsiblc for reconstitution of thc thc
pacl et stream. The terminauon uno &encl& a new update
message to the owner of Ihe bundle idenufying its
stream and then tlushes its buffers to the bunclle owner,
thereby routing the portion of the call received by the
tcmiination unit to the buncllc ov ncr, mp bundle
owner is an entry in thc list data structure of FIG. 7.

If the termination unit holds a higher value because it was
assigned a higher value in thc tic brcakcr, or was
assigned a higher value by an operator program at thc
destination, it immediately sends an advertisement to
the peers. Specilically, it semis out a new bundle
mapping update packet over Ihe local area networl 34
tn the other termination units identifying ancl noting its
ownership of the bundle
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The following PPP rouunes will be modilied to implement
the MVIV protocol n input( )

This function's first test will be to check for an M VIV UDV
packet 'Ibis test must be done extremely fast to prevent
slowing dov n other IP tralfic.

1. Test the IP protocol iield looking for IPPROTO UDP.

2 If TRUL check for MVIV rlestination socket

3. If MPIP DATA SOCK then call asynch PPP input
rouhne with port determined by bundle lookup. Search
algorithm will kev olf of bundle id iype aml then lira(
word or id to speed search.

4, if MPIP CONTROL SOC:K then call mpip in()
MPIP Specific Routines
mpip in( ) is

ThisfunctiontakesanMPIP CONTROL SOCKpacket
and processes it accorthng to the type of. paclet switch
(type)

1. Ncv. Bundle—Check Link Redirection Table (the
"LRT'therwisc know as as thc bundle map) for zo

match.
2. If the host terminauon unit (such as an ISDN

gateivay card or ISBN-GWC) owns the liundle,
compare I.AN MAC addresses
If host wins senti out MVIV control packet with New

Bundle type
If host loses send out MPIP control packet with Ncw

Link type.
2. If host doesn't liml entry in LRT, mal e a new entry

and mark as redirecterl ic

2. Sustained Bundle Check LRT for matching entry
If found reset aging timer
If not found crcatc a ncw entry marked as rcdircctcd
If found that host owns bundle, treat as New Buntlle

ty'pf: 33

3 Dropped bundle check I.RT for match
If not found discard info.
If found and scndcr is owner of record, rlclctc entry else

discard.
40

4 Neiv I.ink~heck I.RV for match
If found and host owns bundle, delete redirect link
If not found ignore default: discard info

mpip scml(type, mp bundle-struct "ptr)
This funchon will be responsible 1 or the sending out of all

tvpes and sizes of packets. This leaps maintenance to a

mimmum.
type=MVIV COMVI.L"I'L'(full I.RT advertisement), ptr=
N U I .I .

1. If no cntrics in table exit n

2. Get memory bufier to hold massa e

3. Build MPIP hcadcr with empty cntrics count in mes-
sage buffer

4. march down table, creaung one appropriate entry in the
packet for each entry in the I.R'f.

type=M VIV I I.ASII(response to bundle ownership
claims), ptr=target entry

I, gct memory buft'cr to hold mcssa c

2 Build MVIV header with entries count equal to I in

message bufi'er

3, create onc entry in thc packet for thc entry in thc LRT.

4. call network send rouune
mpip timer( )

This function runs every 5 seconds 63

1. Add 5 seconds to thc complctc update timer

2. Is it time to run complete update'?
Yes call mpip senti with MPIP COMPLETE cocle to

cause all owned bundles to bc atlvcrtiscd (invalid
bundles arc always advcrtiscrl)

3 Run down the LRT and increase the age by 5 seconds
Rir each enny. When an entry is 120 secomls old, it is
marked as I'AISL (invalid)

4 If an eniry is 10 seconds past the ume when it was
marked invalid, delete it This permits an aged out entry
to be advertised 3 times as dead This tvill ensure a
faster end to orphaned redirected links than would
normally occur with an aging-out

It will lic apprcciatcd from thc forgoing rlcscription of a
presently preferred embodiment of the invention that some
variauon in the above procedure is envisioned dependmg on
the particular features of the data transmission medium, the
capabilities of the termination units and the nettvork 1inki fig
the termination units Such variations will apparent to those
of skill in thc art and arc intcndcd to bc within thc spirit and
scope of the invention. This true spirit and scope is dcfincd
by the appemled claimg to be interpreted in light of. the
Riregoing specilication.

We claim
I A method for coordinating the reconstruction of a

plurality of data streams including a hrst data stream and a
second data stream, said tirst and second data streams
rcprcscnting a session gcncratcd by a source and transmitted
over a plurality of links collectively lorming a bundle, said
lira( data stream terminating in a lirst termination umt and
said second data stream terminating in a second termination
umt, said tirst and second termination units linked to each
other over a communications medium, comprising, the steps
of:

generating packets containing bundle infomiation in said
first and second termination units, said packets con-
taining information as to thc rcccipt of said first and
second data streams by sairl first anil second tcrmina-
uon units, respectively;

placin said packets on said communications medium;
receiving said packets containing bunrfie information at a

supervisory scrvcr connected to said communications
medium, said supervisory scrvcr irlcntifying onc of said
lira( and second termination units as a designated
terminauon to receive aml reconstruct said lirst and
secoml data sneams from said bumlle informanon; and

said supervisory server direchng the assembly of saul lirst
anil secontl data streams at said designated termination
unit, whereby said designated termination unit receives
said data stream from the other of said first anil second
termination units and reconstructs said data streams for
transmission to a destination.

2 Thc method of claim 1, whcrcin said communications
methum comprises a local area network.

3 The method of claim 1, wherein said lira( and second
termination units comprises network access servers

4 I'he method of claim I, wherein sairl supervisory server
determines one of said termination units as said designated
termination unit based on thc order in v hich said first and
second data streams arc rcccivcd by said first and second
terminanon units.

5 The method of claim 1, wherein said supervisory server
tie(ermines one of said terminahon units as said designated
termination unit based on an operator program run at said
supervisory server
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