ports. This allows DSP boot code (not to be confused with
DSP application code) to be downloaded from the host sys-
tem. This provides additional flexibility and eliminates the
cost and board-space limitations associated with external
ROMs,

XBAR has several asynchronous control signals that are
connected to downstream hardware, including reset lines
for the DSP subsystems and hook control and telephone
status (such as the ring indicator) signals to and from the
data access arrangement chips.

The biggest challenge in XBAR's design was purely logistical
because we had a lot of different data types (e.g.. stereo data
and telephone command and status data) to handle and very
little time to implement them in XBAR. There are no less
than 52 separate data types that XBAR must recognize and
generate for the two DSP serial interfaces alone, with a
slightly smaller number required for the system IO interface.
To provide these types, each transaction between XBAR and
a DSP consists of 16 bits, with the upper eight bits providing
type information and the lower eight bits providing the asso-
ciated data. To prevent data overruns, XBAR requires a data
acknowledge (Ack) word back from the appropriate DSP for
every transaction,

Audio data samples in HP TeleShare are 16 bits long. Since
XBAR sends eight bits of data at a time, audio samples must
be broken into two pieces: an upper half, or most-significant
byte (MSB) and a lower half, or least-significant byte (LSB).
Using this model, it requires two transfers from XBAR and
two Acks back to send one sample of audio data to a DSP.
Sending one set of stereo system and line-in audio samples
to a DSP requires eight output transfers (four transfers for
the system sample and four transfers for the line-in sample),
with an Ack back after each transfer. The DSP will then send
mixed audio samples back for the system and the CODEC,
requiring an additional eight transfers, for a total of 24 trans-
fers per sample. This has to happen at an 8-kHz sample rate
(once every 125 microseconds). Fortunately, XBAR can han-
dle these transactions, but order must be maintained exactly
or audio quality will suffer. Other data types, such as AT
commands and responses, are given lower priority during
audio frames and are queued until audio transfer is finished.

Digital Signal Processor. The DSP used by TeleShare is an
Analog Devices ADSP2101. This is a programmable single-
chip microcomputer optimized for digital signal processing,
and operates at 16.67 MHz. The 2101 operates on 16-bit data
and uses a 24-bit instruction word. It has 1024 words of data
RAM and 2048 words of program RAM on the chip. The part
has two data address generators and a program sequencer,
which allows program and data accesses to occur simulta-
neously in a single cycle. Dual data operand fetches can also
oceur in a single cycle since program memory can also be
used to store data. The part can address up to 16K words
of data and 16K words of program memory, both of which
are supplied on the HP TeleShare board in the form of six
external SRAMs.

The DSP has two independent serial ports, SPORTO and
SPORT1, which support multiple data formats and frame rates
and are fully programmable. In the HP TeleShare design,
SPORT1 on each DSP is dedicated to communication with

XBAR, while SPORT0 is dedicated to communication with an
AD28msp01 telephone line CODEC. Each full transfer to or
from one of the SPORT lines triggers an associated interrupt
in the 2101, allowing programs to act on the incoming data
as it arrives.

Analog Devices supplies a complete set of software develop-
ment tools for the 2100 microprocessor family, including a C
compiler with a DSP function library

CODEC. The Analog Devices AD28msp(1 provides HP Tele-
Share with a multiple-sample-rate CODEC specifically de-
signed for use in modem designs. This device supports sam-
ple rates of 7.2 kHz, 8.0 kHz, and 9.6 kHz, and has an 8/7
mode* for sampling at 8.23 kHz, 9.14 kHz and 10.97 kHz. For
voice mode operation, 7.2 kHz and 8.0 kHz are all that is
required, but the sophisticated algorithms used by modern
modem standards often require the other rates. The CODEC
uses 16-bit sigma-delta conversion technology and includes
resampling and interpolation filtering along with transmit
and receive phase adjustments.

Each CODEC has one serial port which is connected directly
to SPORTO on the associated DSP. This port operates in free-
running mode once it is properly initialized and continually
sends 16-bit data samples from the telephone line to the
DSP. All transfers to the DSP consist of a serial output frame
syne followed by a 16-bit address word, then a second frame
syne followed by a 16-bit data word. These address and data
pairs are transmitted at the selected sample rate and trigger
SPORTO receive interrupts in the DSP. The DSP transfers data
to the CODEC using the same mechanism as just described
(in the other direction, of course). The address portion of
each transfer coming from the DSP identifies the data as a
control word (for programming the part) or as a data word
to be sent through the on-chip digital-to-analog converter
(DAC) and transmitted to the data aceess arrangement chip.
Data from the CODEC to the DSP is identified as either a
control word or as a data word from the on-chip analog-to-
digital converter (ADC).

The AD28msp01 CODEC is attached to the telephone line
through the data access arrangement chip. Transmit data
outputs are differential for noise reduction, while the re-
ceive data input is single-ended.

Data Access Arrangement. [P TeleShare uses the TDK
T3MO002 data access arrangement chip as its telephone line
interface. This part provides all the necessary line monitoring,
filtering, isolation, protection, and signal conversion functions
for connection of high-performance analog modem designs o
the PSTN (public switched telephone network) in the United
States, Canada, and Japan. The T3M9002 incorporates, on a
two-to-four-wire hybrid, ring detection eircuitry, off-hook
relay, and on-hook line monitoring for caller-ID support (see
“Caller-ID" on page 72).

The TAMI002 comes with FCC (Federal Communications
Commission) part 68 DOC CS-03 and JATE (Japan Approvals
Institute for Teleconununications Equipment) protection
circuitry built in, and is compliant with UL 1459 2nd Edition

* The 8/7 made is a capability requiced by some modem applications, It simply adds some
sampling bandwidth For example, in 8/7 mode the normal B-kHz sample rate becomes 9.14
kHZ (B = B/T)
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Caller-ID

Caller-1D information is sent between the first and second power ringing signals
The data is sent a minimum of 500 milliseconds after the first ring and ends at
least 200 milliseconds befare the second ring begins. This leaves 2.9 to 3.7 seconds
of time for data transmission. The data is sent a1 1200 baud using frequency shift
keying (FSK) medulation. All data is 8-bit ASCI

Two standard formats exist for Caller-1D infermation: single message format and
multiple message format. In general, both formats can be described using Fig. 1

The message type is Ox4 (hexadecimal 4] for single message format. The message
length is variable and indicates the number of message wards in the message
hody. The final word Is a checksum word, used for error checking. Single message
format provides the receiver with date, time, and calling number data

The message type is 0x80 (hexadecimal 80) for multiple message format. The
message length is variable as before, but provides the receiver with date, time,
calling number, and calling name data if available. In the absence of calling name
tata, a P indicating private or an 0 indicating out of area or unavailable will be sent

Caller-ID detection requires bn-hook line monitonng, which the HP TeleShare data
access arrangement chip fully supports. HP TeleShare can detect and display bath
message formats

Message Header Message Body

Mare
Message Message Message Checksum
Length Word Woards —
Bit 0 18 15 16 3
Time —

0x4 Single Message Format
0x80 Multiple Message Format

Fig. 1. Caller-10 message format

with the addition of an external slow-blow fuse. The off-
hook relay is controlled by a TTL-level input from XBAR.
This relay determines when the phone is off the hook and
can be pulsed for use as a pulse dialer. Another TTL-level
input from XBAR is used to enable on-hook line monitoring.

The ring detection circuitry is capable of detecting ringing
signals that comply with Ringing Type B from the FCC Part
68 regulations. The detected ring signal appears at a pair of
differential outputs which are also connected to XBAR.

The T3MHO002 provides telephone connectivity to the DSP
subsystem through the CODEC's analog receive and trans-
mit lines and is attached to the telephone line through a
standard RJ-14 connector.

Operating Modes

HP TeleShare is capable of operating in three modes: voice,
fax, and data. The modes are selected through a graphical
user interface by the workstation user. The mode applica-
tion software is downloaded through XBAR to a DSP as
needed and runs continually until a reset of that DSP is per-
formed. The voice mode code was developed solely by HP
and can be run on one or both lines simultaneously. The fax
and data modem code was developed with a third party and
because of licensing restrictions, only one line can be con-
figured as a fax or data modem at a time. Combinations of
voice and fax or data are fully supported.
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Voice Mode Operation. When configured in the voice mode,
HP TeleShare essentially operates like an enhanced tele-
phone, Digital mixing of microphone, line-in, telephone, and
recorded andio (from system disk) is supported for both
playback and recording. This capability allows numerous
interesting audio configurations including placing a line on
hold with musie, recording conversations, playing back re-
corded audio over the phone, and so on. While in voice
mode, HP TeleShare provides the user with caller-ID infor-
mation if it is available. In addition, DTMF (dual-tone multi-
frequency ) tone and pulse dialing are supported, along with
DTMF tone detection for unattended phone functions like
answering machines or voicemail (see “Call Progress, DTMF
Tones, and Tone Detection” on page 73).

Dialing and hook manipulation actions are performed through
the GUI (graphical user interface), but at the lowest level
these actions are sent to the DSP as standard AT commands
like ATDT (attention dial tone) and ATH n (n = 0 is on-hook or
hang up, and n = 1 is take telephone off hook). Special func-
tions like audio mixing are also controlled with low-level
AT-type commands, but are manipulated using sliders in the
GUIL

The voice mode application firmware is driven primarily by
DSP SPORT interrupts. Every incoming 16-bit SPORT0 word
from XBAR triggers an interrupt, which in turn causes the
SPORT! interrupt service routine to execute. Likewise, every
16-bit SPORT0 word from the CODEC causes the SPORT0 inter-
rupt service routine to execute. The SPORT! interrupt service
routine is responsible for audio /O with XBAR and queueing
AT commands as they arrive. Commands arrive asynchro-
nously, that is, they can arrive at any time, while audio ar-
rives in 8-piece bundles every 125 microseconds (one frame)
as described earlier. Normally, every piece of data received
by SPORTT causes an interrupt, but the firmware disables
these interrupts for the rest of a frame once it recognizes the
first piece of audio data. Otherwise, at least eight context
switches would oceur every frame, which would render the
system useless. Onee the SPORTT interrupt service routine
has received all of the audio samples, it is responsible for
transmitting the new audio back to XBAR for routing to the
workstation (i.e., headphones and/or disk).

The SPORTO interrupt service routine is responsible for receiv-
ing and transmitting telephone-line audio and mixing all andio
data, including DTMF tones. Before mixing can oceur in the
DSP, all of the LSBs must be appended to the MSBs. Remem-
ber that each 16-bit sample transferred between XBAR and
the DSP is divided so that the most-significant byte contains
the data type and the least-significant byte contains the data.
Thus, all the data from XBAR is put back into 16-bit linear
format before transfer to the CODEC.

The audio input and output amplitude matrices, built by the
user via the GUT are used to determine what the final mix
will sound like, The DSP firmware processes each output in
sequence by adding together any inputs that are on to create
a total value for each output. Any gain adjustments are made
at this time as well. When this is completed for all outputs,
the resulting 16-bit values are broken into MSBs and LSBs, if
required.

Audio data that is meant for XBAR is transmitted during the
next XBAR audio frame. Audio data meant for output to the
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Call Progress, DTMF Tones, and Tone Detection
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telephone line is immediately sent to the CODEC without
being split in half. Since both interrupt service routines run at
8 kHz, there is no need to worry about sample rate changes.
DTMF audio data is only available for mixing when a tone is
being generated. A new DTMF sample is generated during
every SPORTO interrupt and is based on the sample rate (al-
ways 8 kHz) and the time elapsed since the tone begarn.

All of these interrupts and audio manipulations require al-
most all of a DSP's processing bandwidth and can effect
some areas of system performance. Because of DSP band-
width limitations, DTMF detection can have a slight, but
noticeable effect on the audio quality heard by the user.
However, in unattended modes like answering machines or
voicemail (where DTMF detection could be used for such
things as navigation), this should not be a concern. The de-
fault configuration has DTMF detection disabled, since the
typical user will never use it, and the current GI T does not
support it.

Fax and Data Modem Operation. The fax and data modem
functionality was codeveloped by HP and Digicom Systems
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Incorporated and uses their Soft Modem technology. The fax
mode allows transfers up to 14,400 bits/s and covers Group

4 Class [1 and all fallbacks. Data mode supports transfers up
to 14,400 bits/s (V.32bis) and can reach peak rates of 57,600

bits/s with compression.

Conclusion

HP TeleShare effectively combines telephone communica-
tions capability with a low-cost computer workstation. Con-
text switches between the display and the telephone are
minimized by integrating the telephone into the computer
system and providing an easy-to-use graphical user inter-
face. Voice, fax, and high-speed data modes are supported
using flexible digital signal processing technology,
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Product Design of the Model 712
Workstation and External Peripherals

by Arlen L. Roesner

The HP 9000 Model 712 workstation and and the three new
peripherals that go with the product are an excellent exam-
ple of computer integration and simplicity. The new work-
station, while providing a new class of performance with
HP’s new PA-RISC' PA T100LC processor, pushed the enve-
lope of product design by using relatively few and inexpen-
sive parts. In addition to simplicity and low cost, the product
promotes good product stewardship by making parts easy to
identify and recyele, Customers find the hardware easy (o
manage because there are no fasteners to deal with, and all
the components snap or drop into place. The main work-
station product is a small compact size that fits easily under
a monitor or stands vertically on the desk, and the external
peripherals can be positioned on the desktop where they are
most convenient to the user. Fig. 1 shows the Model 712
workstation and its three peripherals.

Mndel N2/eo

Fig. 1. HP 9000 Model T12 workstation and related externa
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Outward Simplicity

Several assemblies of the Model 712 workstation products
have high levels of functional integration. This functional
integration tends to make components more complex, but
vields an outer simplicity by reducing the number of physi-
cal parts and the methods necessary to work with them.
Once configured, the only accessible components of the
Model 712 workstation include the chassis, system board,
option boards (including memory), disk drive, flexible disk
drive, and top cover. All of these components are accessed
through quick removal of the cover and the manipulation of
a few snap or drop-in fits; which require a minimum of time
and effort. Fig. 2 shows the workstation and one of the pe-
ripherals with their covers removed. Benefits of this result-
ing simplicity include better manufacturability, easier cus-
tomer use and configuration, and serviceability.

Fig. 2. The Model 712 workstation and hard disk peripheral with top
ers disas
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Fig. 3. Top view of the Model 712 without top cover,

Electronics

The system electronics is the place where integration is most
likely to be first noticed in the Model T12 product. Electronie
assemblies consist of one main system board, a power supply,
three optional circuit boards, and up to four memory
SIMMs., The main system board is relatively simall, and all of
the core electronics is incorporated onto this board through
integration of functionality into relatively few VLSI compo-
nents. (Fig. 3 in the article on page 9 shows the main system
board). The main system board uses dual-sided surface
mount construction, with IO connector space being pro-
vided mostly by double-high (stacked) bulkhead conneciors.
Optional boards are provided for telephony, extra /O, and
high-resolution graphics. Compared to today’s personal
computers, the Model 712’ system board functions are usu-
ally found on a personal computer’s motherboard, back-
plane (if any), and two to three expansion boards. This level
of integration on the Model 712 exceeds the density of per-
sonal computer functionality, while providing current work-
station performance.

Chassis

The chassis assembly consists of a plastic base, a metal
chassis, a metal liner for EMI containment of the rear /0
connectors, and a plastic rear dress panel (see Fig. 4). The
dress panel includes silkscreened graphics to identify the
connectors and state necessary regulatory information,
eliminating the need for information labels, The chassis has
a variety of holes and embossments to assist in joining the
plastic parts to it. The plastic base provides outer air venting
and cosmetic appeal to the product while also containing
several snaps and guides for mating parts. The metal liner
provides EMI finger contact to all connectors in one part,
whereas previous products often required many different
clips for such functionality. Held together via plastic heat
stakes, the plastic base, the metal chassis, the metal liner,
and the plastic dress panel make up the main assembly
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chamber of the product. The main eirenit board, power sup-
ply and cover, disk brackets, and top cover all snap or drop
into this chassis. Option boards are also easily installed into
the chassis on top of the main system board, with integral
bulkheads that mate vertically to chassis cutouis (also with-
out fasteners).

Power Supply Cover

The power supply cover is another example of integration.
Many parts were “designed out” by this single plastic part
that performs six functions. The main function is to protect
end users from dangerous voltages by shrouding the exposed
power supply. The cover snaps into the chassis from front to
rear and is removable only by using a screwdriver to disen-
gage the snap that holds it in place, In addition to shrouding
the power supply, the cover secures the power supply board
in place, houses the fan and speaker, channels air flow, and
provides structural support for the monitor. The fan simply
snaps down inside the cover and seals to the sides and top
of the cover. The speaker slides down and press [its into a
simple pocket, which provides acoustic baffling. After the
cover is installed, cables [rom these devices are routed 1o
the main system board for electrical conmection.

HP-PAC Disk Brackets

The disk brackets are made of HP's newly patented HP-PAC
material.! This material is made of expanded polypropylene
beads, and is used most often to produce shipping carton
cushions for many types of produets. Instead of placing this
material around a finished product to cushion it in a ship-
ping carton environment, it is instead formed to fit inside a
product with integral recesses to embed internal compo-
nents. For the Model 712 workstation, the HP-PAC material
is used to hold the hard disk and flexible disk mechanisms
in place. The HP-PAC used in the workstation consists of
three parts: a bottom shell which provides a recess for both
flexible and hard disk, and two separate top pieces for cover-
ing each disk mechanism (see hottom portion of Fig. 4).
Because of the cushioning properties of the HP-PAC mate-
rial, the disk drive mechanisms benefit from reduced shock
and vibration levels. The HP-PAC material also provides
integral air channels for inlet air to be drawn across hot
areas of the disk drive mechanisms. The interesting feature
of HP-PAC is that no screws are needed to install the mecha-
nisms. The devices simply drop into recesses inside of the
cushioning material, and cables can be connected directly to
the embedded mechanisms. Once in place, the chassis en-
closure then retains the top and bottom shells of HP-PAC
around each device.

Top Cover

The top cover includes a configurable bezel for the flexible
disk area, a plastic top shell, and a thin metal liner to com-
plete the EMI enclosure. The liner is held to the cover via
plastic heat stakes and has a series of fingers on each side of
the cover to contact the chassis and contain EMI radiation.
The flexible disk bezel is designed to snap into the front of
the cover, which then configures the frontal appearance of
the product. The cover assembly drops vertically onto the
chassis and then slides rearward until alignment hooks and
snaps in the cover engage to hold the cover in place.
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External Peripheral Products

The product design of the three external peripherals also
includes a large degree of functional integration, Each of
these boxes is designed as a miniature Model 712 work-
station, with HP-PAC cushions providing location and sup-
port for the drive mechanism, a printed cireuit board (for
power conversion ), power switch plunger, and cabling. The
plastic cover for each product includes any necessary doors,
light pipes, and buttons. The chassis assembly of each prod-
uct integrates a plastic base. metal chassis, spring clip, dress
panel, and SCSI signal cable (attached with screws by the
vendor). Thus, final assembly parts involved in the manufac-
turing of the box include only the chassis assembly, internal
power cable, printed circuit board, plunger rod, HP-PAC,
disk mechanism, and top cover. Like the workstation, there
are no fasteners for manufacturing or the customer to deal
with, and the top cover snaps into place to retain all parts
inside,

Low Cost for Entry-Level Pricing

To command lower material costs for mechanical compo-
nents, all custom plastic and sheet-metal parts were hard-
tooled for mass production. The chassis of each product
was designed with a minimum of folded features to reduce
part complexity and the cost associated with that complex-
ity. All major sheet-metal parts use progressive tooling for
the lowest price.

To reduce the amount of final assembly time (and labor
cosis) involved in the product, components were designed

Flexible "‘

Telephony
Expansion
. Fig. 4. The Model 712 work-

station showing components

disassembled from the chassis,

with a high degree of functional integration. Integrated com-
ponents (such as chassis or top cover assemblies) are as-
sembled by vendors, placing the burden of labor on these
non-HP processes and thus achieving lower pricing of the
final product. This functional integration of components also
lowers cost by reducing part count and related inventory
management.

Because of the no-fastener design. final assembly takes
under four minutes for the workstation produet and compa-
rable times are achieved for the external peripherals. This
ease of manufacturing lowers manufacturing costs because
of reduced assembly time and overhead costs, It also makes
the product much better suited to indirect market channels,
which prefer to configure products themselves and often do
this at the last possible moment belore shipment.

Environmentally Friendly

The Model T12 workstation and peripherals also conform to
HP’s new guidelines for product stewardship. Virtually every
component of the workstation and peripheral products can
be easily disassembled, identified, and recycled. Each plas-
tic part contains engraved information that identifies the
type of plastic used, and only four different types of plastic
are used within the entire family of products. To assist the
disassembly process, the produets use plastic heat staking
1o join parts together, which can easily be cut away during
the disassembly process. The new HP-PAC material can be
recycled as well, either by grinding to pellet size and reusing
in ather shipping cushion parts, or by melting the material
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down to solid plastic. And again, because there are virtually e Reusable aftermarket components (flexible and hard disk,

no fasteners to deal with, disassembly is quick and thus power supply, CPU, and fan)

more parts are given (o recycling. Materials with bromide * Bulk packaging of final assembly components implemented
compositions have been avoided, except for the HP-PAC on larger parts (reduces manufacturing waste )

parts, which require a bromide flame-retardant treatment to e Printed cireuit boards built in approved non-0DS (ozone-
meet safety requirements, depleting substance) processes

. . ¢ Embedded fan (low acoustic noise).
Other product stewardship features include:

No painted components (all plastics with molded colors)

N B i Reference

ik plated plastics 1.J. Mahn, et al, "HP-PAC: A New Chassis and Housing Concept for
No il(ﬂl(.‘-!:il‘-'vs X Electronic Equipment,” Hewlet!-Packard Jowrnal, Vol, 45, no. 4,
Required labels can be recycled along with plastic base August 1994, pp, 23-28.
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Development of a Low-Cost,
High-Performance, Multiuser Business

Server System

Using leveraged technology, an aggressive system team, and clearly
emphasized priorities, several versions of low-end multiuser systems
were developed in record time while dramatically improving the product’s

availability to customers.

by Dennis A. Bowers, Gerard M. Enkerlin, and Karen L. Murillo

The HP 9000 Series 800 Models E25, E35, E45, and E55
(Ex5) and the HP 3000 Series 908, 918, 928, and 938 (9x8)
business servers were developed as low-cost, performance-
enhanced replacements for the HP 9000 F Series and low-
end G Series and the HP 3000 Series 917, 927, 937, and 947.
The development of the PA-RISC PA T100LC processor chip
and the LASI (LAN/SCSI) I/O interface and the evolution of
DRAMs for main memory enabled the development of these
low-end servers. The PA 7T100LC and the LASI I/O interface
are described in the articles on pages 12 and 36 respectively.

The priorities for the Models Ex5 and Series 9x8 server
project were short time to market, low cost, and improved
performance. The functionality and gquality of the new serv-
ers were to be as good as the products they were replacing,
if not better. The challenge was to get these new servers to
market as soon as possible so that HP could continue to be
competitive in the business server market and our customers
could benefit from better performance at a lower price. We
were able to get the first versions of these systems com-
pleted, released, and shipping on time with all new VLSI
components,

Low-Cost, Higher-Performance Features

The principlal reason for achieving high integration and low
cost for the Model Ex5 and Series 9x8 servers was the devel-
opment of the PA 7T100LC processor c¢hip, which was being
developed at the same time as our servers. Integrating the
floating-point unit, the 1K bytes of internal instruction
cache, the external cache interface, the TLB (translation
lookaside buffer), the memory controller, and the general
system connect (GSC) VO interface inside the PA T100LC
processor chip allowed the Model Ex5 and Series 9x8
designers to condense the CPU and main memory onto
the same board.

Also, at the same time as our new servers were being devel-
oped, DRAM densities doubled (in some cases quadrupled) to
allow more memory to be put into a smaller space. The
Model Exb and Series 9x8 servers use the same industry-
standard ECC (error correction coded) SIMM modules used
in the HP 9000 Model 712 and other HP workstations. The
Maodel Ex5 and Series 9x8 servers use 16M- and 32M-byte

SIMMS which must be inserted in pairs to provide 32M to
256M bytes of main memory. ECC memory was chosen be-
cause it carries two additional address lines making it pos-
sible to put four times the memory capacity on one SIMM
while staying compatible with industry-standard modules.
The 64M-byte SIMM was designed several months after first
introduction of the new low-end servers to boost their maxi-
mum memory to 512M bytes. This larger SIMM is not avail-
able as an industry standard.

Four versions of the Model Ex5 and Series 9x8 processor
have been developed, differentiated by clock speed, cache
size, and cost. Each version is fully contained on the system
board (which also contains cache, main memory, processor
dependent hardware and firmware, and 802.3 LAN connect)
and is easily installable and upgradable, Table I lists the
technical specifications for the different Model Ex5 systems
and summarizes the HP-UX* performance characterizations.
The Series 9x8 MPE/iX systems have equivalent CPU hard-
ware, and their specifications are close to those given in
Table 1.

Table |
Technical Specifications for HP 9000 Model Ex5 Systems
Running the HP-UX Operating System

Processor Performance Models

E25 E35 E45 E55
Clock (MHz) 48 G4 80 96
SPECint92 +H 65 80 104
SPECfpO2 66 08 120 156
OLTP Transactions/s 80 125 155 180
Standard memory/cache 16 16 16 16
(M bytes)
Maximum memory 512 512 512 512
(M bytes)
Cache size (K bytes) 64 256 256 1000
Cache SRAM speed (ns) 15 12 10 7.b
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Architeeture
Fig. 1 shows a block diagram for the Model Ex5 and Series
Ox8 servers,

The general system connect (GSC) bus was designed as a
new, more powerful system bus for higher performance. The
Model Ex5 and Series 9%8 servers only use the GSC bus for
the processor, main memory, and 802.3 LAN through the
LASI chip. The midrange and high-end server systems also
support the GSC bus as their high-performance I/0 bus. All
PA-RISC systems support the HP-PB! (HP precision bus) as
the conunon IO bus because multiple functionality (hard-
ware and drivers) currently exist for this bus. The interface
from the GSC bus to the HP-PB is accomplished in a chip
called the HP-PB bus converter.

The HP-PB bus converter chip is a performance-improved
version of the bus converter that was used in the HP 9000 F
and G Series and HP 3000 Series 9x7 machines. This chip
allows the Model Exb and Series 9x8 servers to leverage
HP-PB /O functionality from the systems they are replacing.

System Card

PA 7100LC
Processor

Unified Instruction
and Data Cache
64K Bytes (48 MHz)
256K Bytes (64 MHz)

1K-Byte

General System Connect (GSC) Bus

Battery

HP-PB
Bus
Converter

Oscillator

Flash
EPROM
(Processor
Dependent

LASII/O
Interface

HP-PB Slots for
Expansion 1/0

The HP-PB bus converter implements transaction bufferingt
as an HP-PB slave, gaining performance improvements of
10% to 28% over its predecessor. The chip supports GSC to
HP-PB clock ratios ranging from :3:1 to 5:1 in synchronous
mode when the GSC bus is operating under 32 MHz. It
switches to asynchronous mode when the GSC bus operates
in the 32-t0-40-MHz range. These ratios and the asynchro
nous feature of the HP-PB bus converter allow fair flexibility
in CPU and GSC operating frequencies while maintaining a
constant 8-MHz HP-PB frequency. The bus converter also
provides an interface to the access port used for remote
support, and the control signals used for the chassis display
and status registers. The chip is designed for the HP
CMOS26B process and comes packaged in a 208-pin MQFP
(metal quad flat pack).

The other key VLSI chip used in the I/0) structure for the
Model Ex5 and Series 9x8 servers is the LASI chip. The LASI

tinue at maximum pace
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Fig. 1. Block diagram for the HP 8000 Series 800 Medels Ex5 and the HP 3000 Serie xS busin g
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chip is designed to have the same integration impact on core
IO as the PA 7100LC had on the CPU and GSC bus interface.
The workstation products are able to take advantage of this
(see article on page £), but the multiuser server sysiems
were not able to take advantage of LASI functionality.

LASI functionality includes interfaces to IEEE 802.3 LAN,
SCSI, processor dependent code, Centronics, RS-232, audio,
keyvboard, flexible disk, and GSC bus arbitration logic and
the real-time clock. Because HP-UX and MPE/X software
drivers could not be made available in time for our release,
only a small subset of LASI functionality could be used on
the new servers. Thus, the decision was made to continue
using the core I/O card from the previous versions of low-
end servers because it provides all the functionality needed.

For the 96-MHz version of the Model Ex5 and Series 9x8
servers, a chip with a subset of the functionality of LASI was
used. This was developed as a cost reduction for those ap-
plications that use only the LAN, GSC bus arbitration, and
processor dependent code path. The 96-MHz version had to
add a real-time clock on the system board to have equivalent
functionality to what was needed from LASL

In addition to the above VLSI chips and printed circuit
boards, the Model Ex5 and Series 9x8 servers have the inter-
nal capacity for two disk drives (4G bytes), two removable
media deviees, and up to four /0 slots. The packaging and
power supplies for the new servers are highly leveraged
from the previous low-end server systems.

Meeting Fast Time-to-Market Goals

Meeting deadlines for any program is always a challenge.
Too often it is believed that a few extra hours a week is all
that is needed to keep the project on irack. But many well-
intentioned programs soon lose time with unexpected de-
lays even when the project team is made up of industrious
folks willing to do whatever it takes to stay on schedule.

At large corporations like HP, where releasing a product to
market may span several divisions, the task is even more
daunting. With our lab’s mission of providing world-class
low-end commercial business systems and servers, time to
markel is always expected to be a key objective. In the case
of the Model Ex5 and Series 9x8 program, it was the primary
ohjective. Additionally, we were challenged to keep cost
projections in line with the set goals, and to meet or exceed
the quality of the versions of the low-end servers that we
were replacing, Quality is consistently a key objective on all
HP products.

The main challenge for the Model Ex5 and Series 0x8
program was to achieve (on schedule) an order fulfillment
eycle timef of 10 or fewer days for the entire product family.
With the existing product family averaging order fulfillment
cyele times four to five times larger than our 10 or fewer
days goal, it was evident that for the new servers a
well-orehestrated program that involved the entire system
feam was necessary to meet this challenge.

Fig. 2 shows a spider chart of the overall metrics for the
Model Ex5 and Series 9x8 program. Note that the program

achieved or exceeded all planned manufacturing release
goals. Even the factory cost goal was exceeded, which was

t Ordder fulfiliment cycle time is measured from when HP receives & customer's order to the
time when the order 15 delverad at the customer's dock
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Fig, 2. Spider diagram showing how well the project tear for the
Muadels ExH and Series 9x8 servers met their project goals

at risk when the hardware team added existing material into
the design over less expensive [unctionality, reducing the
software development schedule. The order fulfillment cycle
time objective was not only achieved but exceeded! For the
first three months of production, order fulfillment eycle time
averaged under nine days.

The following sections summarize the reasons we met or
exceeded our cost, quality, time-to-market, and manufac-
turing release goals,

Consolidation of Project Team. When the Model Ex5 and
Series Ux8 program was in its early stages of design the de-
velopment team was dispersed in two different geographic
locations. The remote organization was eliminated and the
project development and management were consolidated in
one location under one manager. With this organization,
technical decisions regarding system requirements could be
made quickly and effectively.

Ownership of Issues. A system team composed of represen-
tatives from the different organizations involved in the de-
velopment of the Models Exd and Series 9x8 servers was
organized. Weekly one-hour meetings were held with the
main foeus on issues or concerns that impacted the project
schedule. Communication was expected to be limited to
discussions that affected everyone. Issues were captured
and assigned an owner with a date assigned for resolution of
the issue. Representatives at the meeting were expected to
own the issues that were presented to their organization. No
issue was closed until the team agreed upon it. This ensured
that technical problems did not “bounce” around looking for
an owner.

Interdivisional Communication. Effective interdivisional teams
establish good working relationships to ensure timely re-
sponse to actions and issues. An example was the decision
to change the core 1/O functionality. While the hardware
team improved their factory cost by incorporating new, less
costly hardware, the software team would have realized a
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longer schedule to provide new software features to support
the new hardware. After reviewing the plans, the hardware
team, aware of the critical time-to-market objective, recom-
mended a return to the existing 10 feature implementation at
an impact to factory cost for the sake of the software devel-
opment team’s ability to improve their schedule. The end
result was that the hardware team still achieved their factory
cost goals (by making adjustments elsewhere), and the soft-
ware development team achieved their schedule goals.

Leverage Design Where Possible. When time to market was
established as the key objective for the project, the develop-
ment teams realized that leveraging from as many existing
products as possible would greatly benefit achieving this
goal. The following components were leveraged from new
or existing products:

Produet package. Sheet metal was leveraged from the exist-
ing low-end business servers with minor changes to accom-
modate new peripherals and a different processor and main
memory partitioning scheme, Plastic changes were kept to a
minimum in an effort to use tools already established. (Only
one new tool was required. )

Base system configuration. The base system was established
using the [/O printed circuit boards and several peripherals
available on the existing low-end servers.

Memory. The memaory design was leveraged [rom the mem-
ory configuration used in the HP 9000 Model 712 work-
station, which uses SIMM modules for the base memory
system. Higher-density memory was designed specifically
for the Model Ex5 and Series 9x8 servers after first release
to increase their maxinmum memory capacity.

Power supply. The power supply was leveraged from the
existing servers.

Printed circuit boards. The core /O boards from the exisi-
ing servers were used with only minor firmware changes to
the HP-UX version. The processor board and backplane
were new designs based on ideas shared with the Model 712
development team.

VLSIL The PA T100LC processor chip and the LASI core /O
chip were leveraged from the Model 712 workstation, which
was being designed al the same time as our server systems,
Firmware. Some of the firmware and /0 dependent code
was codeveloped with the Model 712 development team.

Fast Time to Manufacturing Release. The use of concurrent
engineering played a key role in reducing the back-end
schedule. The back end of the schedule consists largely of
manufacturing activities (including final test and qualifica-
tion) aimed at achieving a release of the product for volume
shipment. In the case of the Model Ex5 and Series 9x8 serv-
ers, with the individual boards being buill in two geographi-
cally different manufacturing facilities, it was imperative
that communication between these entities receive ample
attention.

To facilitate this communication, a coordination team consist-
ing of new produet introduction engineers and new produet
buyers and logistics people were located in close proximity
with the R&D development team. Everyone attended the
system team meetings. which were led by the hardware lab,
to ensure that the most current information was applied to
the overall system schedule. In addition, production build
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meetings were held before, during, and after each prototype
run to discuss build results. Ensuring that all manufacturing
personnel realized that these systems were engineering pro-
totypes, with a high potential for problems, was a difficult
task. Most people were not used to seeing lab prototypes
being built in a production process, Since the line was
shared with currently shipping products, it was extremely
important to ensure that building the prototypes did not
impede shipping other products.

Prototype Management. Two operating system environments
were required for the new servers, the HP-UX operating
system release .04 and the MPE/iX operating system ver-
sion 4.0. Since these environments were under development
at the same time as our products, it was essential that hard-
ware prototypes be delivered efficiently and be of sufficient
quality to ensure expedient use by the software develop-
ment groups. Thus, three key objectives were considered
essential by the development groups. First, units had (o be
of the highest quality. Second, delivery of the units had to be
on time. Finally, downiime because of hardware problems
had to be minimized.

To accomplish the first goal, all prototypes were built using
the entire production process. No prototypes were hand-
crafted in the lab. This ensured that units were buill with the
same quality standards as are applied to released systems.
Additionally, each customer was assured of receiving the
latest revision of materials released to production. Even
new parts not covered under manufacturing release criteria
were guaranteed to be of the same revision level. All revi-
sion levels were tracked on each unit for the life of the proj-
ect.

For the second ohjective, a customer priority list was gener-
ated based on customer orders and needs. After the orders
were submitted to the manufacturing systems, build priorities
were set based on the eritical needs being supplied first.
From functional prototypes to production prototypes, up-
grade Kkits were structured and made available. In cases
where a new system was not required, customers had the
option of moving immediately to an upgrade, Also, perfor-
mance upgrades were designed to require a swap of the
processor card only.

Tracking the revision level of all hardware was essential to
achieving the third objective of minimizing downtime be-
cause of hardware. Another key point was being able to
react to a customer’s problem quickly. We used a prerelease
support team at another HP division to ensure timely re-
sponse. Spare material was purchased by the support team
and defective parts were returned to the lab for analysis.

Using all these methods, we were able to achieve the goal of
having all operational prototype units upgraded to manufae-
turing release equivalence before manufacturing release.

This guaranteed test partners use of the machines for future
development without the “not-quite-final-product” concerns.

We were not without our share of problems in terms of
effectively managing the prototypes. For instance, several
units were placed inside an environmental test chamber for
weekend testing. During the early morming hours on a
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Sunday, the temperature controller of the chamber went out
of control, ramping the temperature to beyond 70 °C. The
additional heat caused the fire sprinkler system in the cham-
ber to tum on, flooding the chamber at a rate estimated at 10
gallons per minute. The units were standing in four feet of
water, but with the disk drives external to the chamber, the
test continued. When the chamber was finally shut down,
the water mopped up, and the results checked, it was dis-
covered that two of the seven units,which were on the top
rack, out of the standing water, continued to operate with-
out failure throughout the test. This test was affectionately
named the “bathtub test.”

Time-to-Market Focus. Establishing the time to market as the
key objective for the program was not enough to ensure its
success. The teams involved required constant reminders to
stay focused on this objective and make trade-offs accord-
ingly. Once the schedule was confirmed and accepted, it was
important to acknowledge the progress. Any activities that
appeared in danger of jeopardizing the schedule were re-
viewed and tackled accordingly.

However, the project team realized that in the past changes
to system requirements had a big impact on meeting project
schedules. Changes to system requirements to modify or
imelude a feature that might improve sales or could be easily
implemented at the cost of another metric might result in
significant changes to the hardware or operating system
design. In the case of the Model Ex5 and Series 9x8 servers,
the system team implemented a process that was also used
by the software development teams to control design
changes. This process is called change control, which re-
quires the change requester to provide a specific level of
information to determine whether a particular change is
viable. While this is not a new idea, the Model Ex5 and
Series 9x8 development team elected to make one addi-
tional rule change, Each change request submitted would be
briefly looked at to determine how the change would affect
the base system. In other words, we wanted to ensure that a
change was critical enough that it needed to be added to the
products planned for the first release.

The hardware system team put on hold all change requests
that were determined not to be required for the first release.
To avoid causing lots of changes to the software afier first
release, some of the critical enhancements that were consid-
ered crucial to future sales were briefly reviewed and in-
cluded in the initial software release. In some cases this
meant no changes were required after the first software
release. However, there were some instances of patches
required for full functionality.

Customer Order Fulfillment Cycle Time

For the Model Ex5 and Series 0x8 servers to stay competitive,
cost and performance were not the only items that played an
important role. During 1993, it was clear that HP had an order
fulfillment evele time problem, which of course made our
customers unhappy and affected our compeltitiveness, A task
force was formed to address HP's order fulfillment cyele time
problems. We found out that results from this task force
wotld not arrive in time to help us with our new products.
Thus, we formed a team seven months before introduction to
ensure that the reduced order fulfillment cycele time process
for the Model Ex5 and Series 9x8 servers was in place when
the products were ready to be shipped to customers,

Our goal was to reduce the time between the receipt of a
customer purchase order for a system and the time when
the system is delivered to the customer site. We wanted to
reduce this time by 75% of what it was for our existing serv-
ers. To accomplish this goal, the following changes were
made before product introduction:

The product structure was made much simpler and it
includes fewer line items.

Product offerings to distributors were unbundled.

Product numbering for distributors’ orders had a single SKI
(stock keeping unit) for ease of ordering.

The rules for our factory configuration system and field
configuration system were mirrored.

= Early and proactive material stocking was performed before

introduction to ensure that plenty of material was on hand
to meet customer demand immediately.

s Factory acknowledgments were automated for clean

orders.

Intensive training was given to order processing personnel
in the field and the factory about the Model Ex5 and Series
Ox8 servers two months before introduetion.

Consignment, demonstration, and distributor units were
stocked before intraduction,

More capacity was added to the factory, and assembly
processes were streamlined.

All new processes were tested intensively before
introduction.

With these steps we were able to meet and exceed our order
fulfillment goal.

Conclusion

The real success of the Model Ex5 and Series 9x8 server
program was that the goals for fast time to market and re-
duced arder fulfillment cycle time were achieved. These
were major accomplishments considering the events that
took place throughout the whole project including the devel-
opment of a major VLSI component, consolidation ol the
design team from different divisions and locations, commu-
nication between different manufacturing entities, and a
stream of last-minute catastrophes such as flooding proto-
types in the environmental test ovens and several eleventh-
hour VLSI bugs that had to be fixed.
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HP Distributed Smalltalk: A Tool for
Developing Distributed Applications

easy-io-use

object-oriented develapment environment Is provided

that facilitates the rapid development and deployment of multiuser

enterprise-wide distributed applications

by Eileen Keremitsis and Ian J. Fuller

HP Distributed Smalltalk is an integrated set of frameworks
that provides an advanced object-oriented environment for
rapid development and deployment of multiuser, enterprise-
wide distributed applications. Introduced in early 1993,

and now in its fourth major release, HP Distributed Small-
talk leverages the ParcPlace Smalltalk language and the
Visual Works development environment. Together, HP Dis-
tributed Smalltalk and VisualWorks enable rapid prototyp-
ing, development, and deployment of CORBA-compliant
applications.|

In the global marketplace, corporate information technology
needs are increasingly demanding because worldwide com-
petition requires geographically dispersed operations, chang-
ing markets require agility to remain competifive, pressure
to improve return on investment requires strong cost con-
trols, timely access to complete information is erucial for
business success, and finally, corporate users require access
to both legacy and newly developed information sources
and applications.

HP Distributed Smalltalk helps answer these business needs
by supporting:

Easy on-demand aceess to information and services across
the enterprise

Dynamic interaction of distributed people and resources
Greater application flexibility and ease of use

Insulation from differences in operating environments

An architecture that supports an evolutionary approach
including legacy system integration

Industry standards that will allow application interoperabil-
ity across languages, high productivity, and code reuse.

Customers can take advantage of HP Distributed Smalltalk’s
easy-to-use development environment fo create distributed
solutions to compete effectively in the global marketplace.
For example, with HP Distributed Smalltalk, customers might
build on the sample Forum application (described later) so
that their geographically dispersed users can simultaneously
annotate a shared document. Also, customers might use HP
Distributed Smalltalk to create three-tiered database access
applications that extend the advantages of existing client-
server architectures for better isolation between user inter-
faces, data manipulation models, and legacy and new data.

t CORBA, or Comman Dbject Aequest Broker Architecture, defings a mechanism that enables

objects 1o make and receive requests and rasponses. HP Distributed Smalltalk's implemen
tation of this architecture is deseribed later in this articla

Three-tiered applications are the most efficient and scalable
form of software design for building complex applications.
They carefully separate the user interface (tier one) from
the business rules governing the application (tier two) and
the persistent storage for the information in a database (tier
three). Each tier can reside on a different machine in a net-
work, making best use of the neiwork resources. HP Dis-
tributed Smalltalk contains objects that enable the straight-
forward construction of these applications.

Using HP Distributed Smalltalk

An application written in HP Distributed Smalltalk is able to
respond to service requests from remote systems. Remote
entities that request services of an application do not have
to be written in HP Distributed Smalltalk as long as they are
in a system that implements the standard ORB (object re-
quest broker) and common object services from the Object
Management Group (OMG). See “Object Management
Group” on page 86 for a description of these items.

In many cases an HP Distributed Smalltalk application’s
component objects are distributed across several systems.
These distributed objects can interact seamlessly so that
end users are unaware of where the ohjects are located.

An overview of the process of running an HP Distributed
Smalltalk application is shown in Fig. 1. For incoming re-
quests to the service provider, the ORB translates requests
from the implementation-neutral Interface Definition Lan-
guage (IDL) to the local language (ParcPlace Smalltalk) and
forwards them to the correct local object for processing. To
complete the request, the service provider's ORB takes re-
turn values, translates them to IDL and forwards them to the
remote ORB from which the request was received,

Not only does HP Distributed Smalltalk support distributed
application delivery but it also provides an environment for
distributed application development, which includes:

A complete implementation of the Object Management
Group's latest standards

A rich suite of tools for application development and admin-
istration including simulated remote test support, a remote
debugger, and an [DL interface browser and generator

A user interface environment and sample applications that
developers can reuse or extend, or simply use to become
familiar with the system,
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Object Management Group

The Object Management Group, or OMG, is & nonprafit international corporation
made up of a team of dedicated computer industry professionals from different
corporations working on the development of industry guidelines and object man

agement specifications to provide a commaon framework for distributed application

development

OMG publishes industry guidelines for commercially available object-onented
systems, focusing on areas of remate object network access, encapsulation of
existing applications, and object database interfaces. By encouraging industrywide
adoption of these guidelines, OMG fosters the d pment of saftware tools that
suppart open architecture, enabling multivendaor systems to waork together

Ta define the framewark for fulfilling its mission, in 1992 OMG published its Object
Management Architecture Guide. This guide provides a foundation for the develop
ment of detailed interfaces that will connect to the elemental components of the
architecture. Fig. 1 shows the four main components of this architecture:

o The ohject request broker (ORB} enables obj;
respanses ina distributed object-oriented envir

» (bject services is a collection of services with object interfaces that provide basic

functions for creating and maintaining ohjects

« Common facilities is a collection of classes and ohjects that provide general-purpose
capabilities useful in many applications

« Application objects are specific to particular end-user applicatians.

cts to make and receive requasts and

Common
Facilities

Application
Objects

Dbject Request Broker

Fig. 1. The obiject management architecture

The application objects, object services, and comman facilites represent groupings
of objects that can send and receive messages. The software companents in each of
these primary components have application programming interfaces that permit their
participation in any computing environment that is based on an object technology
framewaork

In addition, because HP Distributed Smalltalk is an exten-
sion of VisualWorks, developers are able to do their pro-
gramming in a language they already know (ParcPlace
Smalltalk) using the VisualWorks application builder.

VisualWorks is an implementation of the Smalltalk program-
ming language and environment. It provides an excellent
environment for building standalone and simple client/server
applications that are 100% portable between many of the
major computing platforms and operating systems. HP saw

an opportunity to enhance the capabilifies of VisualWorks to e

be the basis for next-generation applications by adding ob-
jects that enable VisualWorks systems (o communicate di-

other systems through database access to the object-ori-
ented ParcPlace Smalltalk language and a rich suite of devel-
oper’s tools, all seamlessly integrated to facilitate distrib-
uted application development.

The major components of HP Distributed Smalltalk are
shown in Fig. 2 and briefly defined below:

HP Distributed Smalltalk ORB. This is a full implementation
of the Object Management Group’s Common Object Request
Broker Architecture (CORBA).

Remote Procedure Call (RPC) communication. This com-
ponent supports efficient and reliable transfer of messages
between systems.

rectly using a standardized set of communications facilities. e HP Distributed Smalltalk object services. This includes all

standard ohject services required by distributed systems, as
Framework well as support for creating and maintaining objects and the
The HP Distributed Smalltalk framework is an environment relationships between them.
that encompasses everything from communication with

Remote System HP Distributed
Smalltalk System
Apparent
Service Connection Service

Requestor

Provider

IDLto
Local
Language

Local
Language
to IDL

IDLto
Local
Language

Local
Language
to IDL

Network Connection

ORB = Ohject Request Broker
IDL = Interface Definition Language
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HP Distributed Smalltalk ORB
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Fig. 2. The major components of HP Distributed Smalltalk
Multiplatform suppori. HP Distributed Smalltalk applica-
tions that run on one platform (hardware and operating
system combination) can run, without porting, on any other
supported platform.

OODBMS and RDBMS access. HP Distributed Smalltalk pro-
vides database access directly to HP’s Odaptert and Servio's
GemStone as well as to Sybase and Oracle (via Visual-
Works). HP Odapter can be used to provide access to a
variety of other database systems.

HP Distributed Smalltalk developer tools and services. This
level of the framework provides support specifically de-
signed for developing, testing, tuning, and delivering distrib-
uted applications. HP Distributed Smalltalk incorporates a
rich development environment, application builder support,
and the ParcPlace Smalltalk language,

HP Distributed Smalltalk user environment and services,
These services include a reusable demonstration user inter-
face and desktop environment support for users’ work
sessions and normal desktop activity.

HP Distributed Smalltalk sample application objects. These
objects provide developers with example code that can be
reused or extended, or can provide a source of ideas for
developing alternate applications.

The following sections provide more detailed descriptions
of the components that make up HP Distributed Smalltalk.

HP Distributed Smalltalk Ohject Request Broker

HP Distributed Smalltalk is a complete implementation of
CORBA, the Object Management Group's specification of an
ohject request broker. HP Distributed Smalltalk’s compliance
provides the basis for object and application interoperability.

CORBA specifies core services that are required of an object
request broker to support interoperable distributed comput-
ing. The CORBA specification includes the following core
services.

Interface Definition Language Compiler. OMG has defined the
Interface Definition Language, or IDL, to be independent of
other programming languages. Interfaces for objects that can
provide distributed services are written in IDL so that they

5 @ complementary [p1t-Packard that provides an efficiem

slable link ect-orientad language such as

are accessible 1o service requesters that might be written in

Smalltalk, C,

++, O another lang

OMG recent

approved the IDL-to-Smalltalk language bind-
oposed by HP and IBM. This is important because it

users to build d ited systems using multiple lan
guages where appropr llow ct to
ible to request services of a C+=
Interface Repository. This service provides a registry of distrib
utable object interfaces for a given sy n. Any object that
remote objects can access nas an the interface

repository. For example, when objects on two or more sys-
tems at different locations collaborate in an application, they
mteract by sending mue
ternal clients have access to an object’s services only
through the object’s interface, the implementation of the
object is private. This privacy provides a variety of benefits,
including security, language independence, and freedom to
modify the implementation of how a service is performed

aiges to their interfaces. Since ex-

without external repercussions.

HP Distributed Smalltalk ORB Support. The object request
broker (ORB) is the key to providing support for distributed
objects. By providing an ORB on each system, HP Distrib-
uted Smalltalk makes the location of any object transparent
to clients requesting services from the object.

When a message is sent to a local object, the activity is han-
dled normally. When a message is sent to a remote object,
the remote object’s local surrogate (created automaftically
by the ORB) intercepts the message, then uses the ORB to
locate the remote object and communicate with it (see Fig.
3). Results returned to the calling object appear exactly the
same, whether the message went to a local or remote object.

An ORB's responsibilities include:

¢ Marshalling and unmarshalling messages (translating ob-
jects to and from byte streams for network transmission)

e Locating objects in other images or systems

¢ Routing messages between surrogates and the objects they
represent.

While a request is active, both client and server ORBs ex-
change packet information to track the course of the request

Machine A Machine B
Apparent
= Connection .
LAY — — — — — — — — Ohject 2
Dbject 2
Surrogate I
Object Object
Request Broker Request Broker
Actual
Connection
Fig. 3. HP Distributed Smalltalk handles remote access so that a
request to a remote object appears the same as a request 1o a local

object
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and resolve any network or transmission errors that might
OCCUL.

Object Services and Policies

Object services extend the core ORB services to support
more advanced object interaction. HP Distributed Smalltalk
implements OMG’s Common Object Services Specification
(COSS), which extends CORBA to provide protocols for com-
mon operations like creating objects, exporting and destroy-
ing objects (life cycle), locating objects (naming), and asyn-
chronous event notification. Additional object services and
policies provide efficient interaction between finer-grained
distributable objects.

Naming.t There is a standard for assigning each object a
unigue user-visible name. Names are used to identify and
locate both local and remote objects,

Event Notification.t This is a service that allows objects to
notify each other of an interesting occurrence using an
agreed protocol and set of objects.

Basicl and Compound Life Cycle. There are standard ways for
objects to implement activities such as create and initialize,
delete, copy, and move both simple and compound objects,
externalize (prepare for transmission to remote systems),
and internalize (accept objects transmitted from remote
systems ). Compound objeets, built from simple objects, can
include application components, anything that appears on a
user's desktop (such as a document, a mail handler, or a
draphics toolbox), complete applications, and so on.

Relationships: Containment and Links. Links allow networked
relationships among objects. Objects can be linked together
with various levels of referential integrity (determining how
to handle situations when one of the parties to the link is
deleted), and in one-to-one, one-to-many, and many-to-many
relationships.

Together with links, containment establishes and maintains
relationships between objects. Each object has a specific
location within some container. Containers are related hier-
archically. HP Distributed Smalltalk provides objects that
implement a generic distributed container. Programmers
can use these objects to build specific implementations such
as an electronic mail envelope (containing components of a
message) or a bill of sale (containing information about
items in a shipment) with minimal extra programming.

Properties and Property Management. Properties are part of an
object’s external interface (owner, creation date, modifica-
tion date, version, access control list, and so on). They are a
dynamic version of attributes.

Application Objects and their Assistants. Application objects
are relatively large-grained compound objects that end users
deal with (e.g., a file folder or an order entry form). Applica-
tion assistants are lightweight objects that implement most of
the policies and participate in most of the services that desk-
top objects need to participate in. Application assistants func-
tion as the developer's ambassador into the object services,
Application assistants can be stored and activated efficiently
and provide the basis for future transaction support.

1 This service is specified in C0SS 1.0
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Fig. 4. The bulk of user interaction is with local presentation ob-
jects, minimizing and condensing the need to propagate semantically
relevant changes over the network, Here for example, a user might
choose to look at a ehart (semantic object) as a pie, line, or bar chan
presentation ohject

Presentation/Semantic Split. A logical split between distrib-
uted objects, the presentation/semantic split provides an
efficient architecture for distributed applications. Local pre-
sentation objects handle the bulk of user interaction, while a
semantic object (which can be anywhere on the network)
holds a shared persistent state of the object (see Fig. 4).

By using the presentation/semantic split, the designer can
choose what part of the application should be shared and
what should be unique to each user. Applications that might
use the presentation/semantic split include a team white-
board where all behavior is shared but each user can write
comments, or a common document with pages that are
unique to each user so that all users can read at their own
pace. A variety of sample applications included with HP
Distributed Smalltalk provide illustrations of how o use the
presentation/semantic split.

While use of the presentation/semantic split is optional, it
facilitates and optimizes distributed application develop-
ment and execution. Advantages of using the presentation/
semantic split include:

Acceptable performance levels even over wide area
networks

Association of a single semantic object with multiple pre-
sentation objects, a critical feature in distributed computing
environments where it is common for many users to work
with the same application

Application access independent of local windowing systems
Better code reusability.

The HP Software Solution Broker described on page 93 is a
good example of using the presentation/semantie split in an
application.

Developer Services

HP Distributed Smalltalk also extends VisualWorks with
services that support development and test of distributed
applications.
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Fig. 5. The control panel provides an easy-to-use interface to
administrative and developer services

Control Panel. The technical user interface to HP Distributed
Smalltalk for administrators and developers is invaluable for
festing and maintenance (Fig. 5). The control panel provides:
e Controls to start and stop the system cleanly
* Support for local RPC testing (simulated distribution)

>3

A

ApplicationBase  ApplicationSem  DisplayView

e

] FacioryRepresentative  GenencConianer

Tracing facilities to log network conversations between
objects
Performance monitoring.

Interface Repository Browser and Editor. The interface reposi-
tory browser provides an iconic view of the contents of the
interface repository where publicly available interfaces are
specified (see Fig. 6). It is organized hierarchically so that
developers can explore and edit interfaces and construct
requests to use the interfaces.

Shared Interface Repository. In HP Distributed Smalltalk,
users can share an interface repository on a remote system
so they do not have the overhead of keeping a copy of all of
the interfaces on every system. The product also supports
version management of interfaces, which is very important
in large-scale, evolving distributed systems.,

Remote Context Inspector and Debugger. This service is an ex-
tension that allows debugging on remote images when ap-
propriate. It supports object inspection and debugging for
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the entire distributed execution context, including commu-
nication between images. Fig. 7 shows using the debugger to
step through code and inspect objects that might be located
anywhere in a distributed environment.

Stripping Tool. To prepare an application for delivery, devel-
opers use the HP Distributed Smalltalk stripping tool to re-
move unneeded classes and interfaces and seal source code
when application development is complete. The stripping
tool's user interface suggests likely items for removal (see
Fig. 8).

User Services
User services allow developers to build a desktop or office
environment and control activities during a session.

System Objects. HP Distributed Smalltalk supports a variety
of system objects: user, session, clipboard, wastebasket, and
orphanage.

Sedecl classes Lo be removed:
AUBIDFO

 Stopper op
I3 Rurstivir compier classes.

B Remove extra classes
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Clnek i
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Fig. 8. Interface for the HP Distributed Smalltalk stripping tool
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User object. This object comtains information held about
end users of the system including who they are, how to con-
tact them, and so on. User objects may be included by refer-
ence in other objects. For example, a user might include a
business card in a memo that would enable the receiver to
get in touch with the sender.

e Session object. All the information required about the state

of a user’s environment, including user login, preferences,
layout, and so on are contained in a session object. The ses-
sion ohject also supports the notion of workspaces, with the
potential for developing richer workspace environments. It
has no icon on the desktop but it interacts with and sup-
ports other application objects.

Clipboard. This is a container for objects that are being cut,
moved, or copied [rom one location to another.
Wastebasket. This container receives objects that users
throw away. The wastebaskel can be cleared when it gets
too full.

Orphanage. This is a container for holding objects that are
no longer needed.

Security. Developers can use or extend HP Distributed
Smalltalk’s access control services in the applications they
build, setting controls for host systems, users, or both. Hosi-
system access control lets developers determine whether an
image can receive messages from another system. Userlevel
access control lets a developer determine whether a given
user has any one of several kinds of privileges (e.g., read or
write privilege) for a given object.

Developers can administer access control programmatically
or from the default user interface.

Example Code

While all HP Distributed Smalltalk code is available to read,
reuse, or extend, the defanlt user interface and certain sam-
ple applications may be the best place to start.
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Fig. 9. The screen for presenting the office metaphor and some
typical objects in an office

User Interface. HP Distributed Smalltalk uses and provides
support for a user interface based on an office metaphor
which is designed for easy use and understanding. In the
default user interface, all the objects a user works with lo-
cally (folders, file eabinets, documents, and so on) are con-
tained in an office. All offices on the same system are in the
same building. Users can navigate between buildings to ac-
cess ohjects in other offices. Fig. 9 shows a typical office
and some of the ohjects available in an office.

Sample Applications. Sample applications illustrate the use of

distributed objects. For example, the Forum (Fig. 10) pro-
vides a shared window in which several users can view and
annotate a picture or document. The Notebook is a place to
store both local and remote objects on a desktop.

Users can also build their own objects from any of the sim-
ple objects available, including a table, chart, input field,

picture, and text window (see Fig. 11). The sample applica-
tions can be extended and customized to create a variety of
simple distributed applications

Creating Applications

HP Distributed Smalltalk allows VisualWorks programmers
to create distributed applications quickly and easily. Building
on the benefits of Smalltalk and VisualWorks, HP Distributed
Smalltalk users can build CORBA-compliant applications
either from scratch or by modifying existing applications.
Like any Smalltalk application. the distributed development
process is iterative and designed for dynamic refinement.

Development. Distributed application development is a
four-step process

1. Design and test the application objects locally.

2. Define the object interfaces and register them in the
interface repository.

3. Use HP Distributed Smalltalk's simulated remote testing
tools (which actually use the ORB to marshall and unmar-
shall object requests) to verify the interfaces specified in the
interface repository.

4. Track messages and tune performance.

Distribution. Once an application is developed, tested, and
tuned loeally, it is easy to set it up for distributed use.

5. Copy the application classes to the Smalltalk images they
will run on.

6. Update the interface repositories in these images.

The application can then run in the fully distributed environ-
ment without further change. Except for actual packet trans-
fer, the distributed application is identical to the simulated
remote application developed, tuned, and tested during
development.
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Append Pages sample applications Forum and
} Notehook
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Delivery. Once the application is tested, developers can
deliver it to their users by stripping the environment of
unneeded objects and (ools. Once stripped, the application
looks exactly the same as applications developed in other
languages and can be executed on any supported platform,
including: HP-UX,* SunOS8/Solaris, IBM AIX, Microsoft™
Windows, Microsoft Windows NT, ar IBM OS/2. Support for
these platforms is available under a run-time license from
Hewlett-Packard.
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A Software Solution Broker for
Technical Consultants

A distributed client-server system gives HP's worldwide technical
consultants easy access to the latest HP and non-HP software products

and tools for customer demonstrations and prototyping

by Manny Yousefi, Adel Ghoneimy, and Wulf Rehder

On a typical working day an HP consultant, one of thousands
worldwide, sits down with a customer to solve a business
problem. The challenge, the customer may tell the consultant,
is o move sales data (o headquarters more quickly so that
management can make timely strategic decisions. For a
solution, the consultant might propose a decision support
system that integrates the customer's older legacy system
where the sales data has been stored traditionally with a
faster “warehouse” database and easy access tools that
present the information in just the form needed, right on the
customer’s desktop. “Let me show you what | mean,” the
consultant says, turning on a laptop computer (which had
previously been connected to a LAN or telephone socket).
Navigating through the windows on the screen, the consul-
tant invites the customer to look through a virtual shelf
filled with databases and access tools, all represented by
icons, together with middleware and application develop-
ment toolkits (see page 98). The consultant clicks on an
icon and the tool becomes immediately available for brows-
ing or for self-paced learning. From here the consultant may
show one of the demos that are included, or navigate the
customer through a hypertext document to more information,
alternate products, additional options; and prefabricated
software building blocks. No wonder that this virtual soft-
ware laboratory is called by HP consultants, “the software
sandbox.” This consultant is actually building—from the
tool and product portfolio in front of them—a prototypical
decision support system for this customer. How much of
this is fantasy and how much reality?

The answer is that it is all reality now. The software sandbox
that the consultant was starting to “play in” is called the HP
Software Solution Broker (or Broker, for short) and is avail-
able now to HP consultants. Defining and creating a deci-
sion support system is, of course, not play but serious work.
However, the ease and immediacy of the Broker, the ample
choices, and many helpful hints make even urgent business
problem solving an experimental sport, Best of all, the con-
sultant receives these products and tools, together with sup-
port and on-line documentation, free of charge. For this con-
venience, substantial research efforts had to be poured into
building such a virtual software depot, using HP's own hard-
ware platform and the most advanced object technology.
Belore explaining this implementation more systematically, it
is useful to watch our technical consultant and the customer
at work.,

Using the Software Solution Broker

To get a feeling for how the Software Solution Broker is used
we will briefly watch the technical consultant show the cus-

tomer how to build a prototypical decision support system.

After clicking on the icon in the ORB control panel, which
starts the object request broker (an action that in effect
opens the lid covering the sandbox), the consultant activates
the Software Solution Broker icon. Another window opens
offering the Broker’s classification of products, either by
vendor, by technology, or by product name. (Altemative paths
into the Software Solution Broker, such as a classification
by business problem, are under development.) Choosing the
i(nformation request ) button for technology, the consultant
asks whether the customer wants to see database informa-
tion first or options for the user interface. As an executive,
the customer is eager to see or build a nice GUI, Clicking
on the graphic user interface i button brings up several
choices of which three are shown in Fig. 1. Having heard
about VisualWorks the customer selects it and is presented
with the VisualWorks Showcase.

The consultant then shows a VisualWorks demonstration to
explore with the customer what kind of data display win-
dows, control butions, analysis tools, and other features
would be appropriate. After jotting down these initial re-
quirements the consultant is ready to build a first prototype.
The help button launches a palette of GUI building tools,
and it takes only minutes to draw an example of a transac-
tion entry tool for the transactions underlying the decision
support systen the customer wants buill (see Fig. 2). Here
the customer interrupts and requests that the data be shown
in spreadsheet form as well as graphically. They agree on
bar chart and pie chart presentations for a first cut and pro-
ceed to discuss the requirements for the underlying data-
base. The Software Solution Broker has a “virtual shelf™ of
relational databases that work with VisualWorks, and among
these the customer may have a favorite system, or an al-
ready installed legacy database. They again discuss the pros
and cons while viewing various product demonstrations.

We meet the customer and the consultant again after an-
other hour or so. By then the VisualWorks front-end tool
displays some real data pulled from a database (Fig, 3). At
this point we leave the executive's office and describe how
the Software Solution Broker is constructed.
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Constructing the Software Solution Broker

Two considerations determined the architecture and conse-
quently the implementation of the Software Solution Broker.
First, since the products on the Broker have to be accessible
worldwide but will be updated and maintained locally, the
global partitioning between distributed users and a central
server functionality called for a client/server implementa-
tion on a wide area network (WAN). Secondly, the need (o
accommodate many different types of clients and to be able
to encapsulate many different products in the software
server strongly suggested vendor independence (openness)
and adherence to certain industry standards such as the
Common Object Request Broker Architecture (CORBA).

Software Substrate

Here we will not focus on the WAN implementation but
instead will coneentrate on the software substrate on which
the Software Solution Broker is built. In the software sub-
strate (see Fig. 4) we include the entire software kit com-
posed of server and client development tools, tools for
building the client/server interaction components of the sys-
tem, and repository tools. Repository tools are essential for
the construction of a depot that contains the information in
the system, including the logic for accessing this information.
After a careful technical analysis of five alternative complete
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substrate kits, VisualWorks from ParcPlace Systems was cho-
sen as the development software for the PC, UNIX® client,
and UNIX server, while I1P's Distributed Smalltalk (see ar-
ticle, page 85), which also works with Visual Works, was the
tool of choice to build and manage the client/server interac-
tion. All system information (e.g., documentation) at this
time of writing (release 2.0) still resides with the products
and a central repository has not yet been chosen. Tools such
as Object Lens (working with VisualWorks) or HP Odapter
make relational databases look like object databases, so we
know that the selection of a repository can be made very
quickly when needed.

VisualWorks was the easy winner because it provides a com-
plete environment for the development of true graphic appli-
cations that run unchanged on UNIX-system-based, PC, and
Macintosh computers under their native windowing systems.
Three of VisualWorks' features made it especially appropriate
for the Software Solution Broker:

VisualWorks is built on Smalltalk, a pure object-oriented
language designed for fast modular design.

VisualWorks possesses a tested set of development tools,
including browsers for object classes, a thread-safe debug-
ger, and a change manager to track modifications to the
code, as well as an inspector for use in testing.

© Copr. 1949-1998 Hewlett-Packard Co.

94




File Browse Tools Changes Dalabase Window Help

ESC Y% ©

DissSalesFom classswindowSpeci—
DssSalesFom class>windowSpec:

Pattem:
| BssSalesForm class>windowSpec

shlfadel * _Fgu'. j

Model Entity View Help

Helerence | m; Ds:

DzsSalesForm

Canvas: [ #windowSpecd

I~

1 - | ]
Type:
N raene Map |!'II! maney
Must Not be Null
l

Data Model: dat

Template: Tabular Editor

Edit Policy: When Told

= region
DssSale > —< > quarter
- FRGSTHIE

= [T region

T dssSale » = [T quarter

! Length: I _I Mot tul

_J Not mi

region <region :sbdb sbh00adel dss_sale
uax‘le;------—«.:;ua.rtaegs

YENUg=——"=<I8YENue

o 7 rvenue
i e e |

| B

New | Delete |

|asssate quarter

Fig. 2. A window within the Saftware Solution Broker showing VisualWorks tools for prototyping a customer application

* VisualWorks has a large class library of more than 350 types
of portable objects. These include a rich user interface de-
velopment toolkit suitable for all major windowing systems.

HP Distributed Smalltalk extends VisualWorks' capability
for developing standalone systems into an environment for
creating distributed object systems (see Fig. 5) by adding
the following:

A full implementation of the Object Management Group
(OMG) Common Object Request Broker Architecture
(CORBA) core services

Common Object Services for life cycle operations such as
erealing objects and the relationships between them
Sample application objects, for example for the modular
partitioning of client/server functionality into semantic and
presentation objects,

These objects and services for building distributed applica-
tions are portable to all platforms supported by VisualWorks.
Furthermore, they are compatible with the OMG CORBA
standards. HP's Distributed Smalltalk provides seamless
support of client/server interactions between VisualWorks

* OSF DCE s the Open Software Foundation's Distributed Computing Environment

images. CORBA compliance makes our Software Solution
Broker implementation open and capable of interoperability,
for instance with C++ CORBA-compliant applications, and
as soon as HP Distributed Smalltalk is OSF DCE-compliant,*
also with DCE remote procedure calls (RPPCs). For the cur-
rent release, TCP/IP or HP Sockels are being used.

Product Encapsulation

Everybody who has worked with spreadsheets, word pro-
cessors, or CAD systems knows that similar or identical
funetionality does not mean that the user interfaces and
more generally the visual, iconic, and mental models are
comparable. For the Software Solution Broker, too, each
product has its own artifacts and idiosyncrasies, its own
look and personality by which we can identify it when we
see it in use or on the shelf of a vendor. This unavoidable
fact poses challenges for the “virtual shelf” of the Broker.
Without wanting to blot out the individuality of a vendor's
offering it was the objective of the development team (o
minimize the effort needed for the user to get accustomed to
this diversity. Generally speaking, the variety has to be hidden
behind a simple and consistent, product independent mode
of access with uniform and intuitive graphical symbolism. A
particular example is the double click used consistently to
launch an application.
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Fig. 3. Prototype display for a eustomer application constructed using the Software Solution Broker to select user interface and database
software
Encapsulation, in the context of the Software Solution Bro- customer. This means the consultant can access editors,

ker, describes a body of activities and software mechanisms  executable code, and documentation, but isn't able to change
that have two purposes: to integrate each product within the  the internal product configuration, the way it is stored and
overall produet porifolio so that the consuliant can use it in administered in folders, or the source code. Because of the
its native mode, and to provide a uniform way to access the intrinsic symmetry between Software Solution Broker serv-
products, their associated tools, and other artifacts. This ers and clients (see Fig. 4) the encapsulation can be done
accessibility, il should be noted, is restricted to the features either on the server side or on the client side, provided the
and artifacts that are relevant to consulting work with the

Broker Server(s) Broker Clients

g -
111 ——
i ——

Central
Repository VisualWorks VisualWorks
Dbject-Oriented (Server Side) (Client Side) Fig. 4. Software Solution Broker
Database software substrate, showing the
client/server architecture, the

HP Distributed Smalltalk user interface engine (Visual
Works), and the client/server
i - ramework (HP Distributet
Object Request Broker TCP/IP or HP Sockets Object Request Broker J! l““‘l\lll-l‘ HP Distributed
Smalltalk
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classes FolderPlusPD and EncapsulationDialog are present in the
client. These two classes will be discussed below.

It is the already mentioned semantic/presentation split, to-
gether with object-oriented features such as inheritance and
polymorphism that make the encapsulation effortless. The
semantic/presentation object distribution model is HP Dis-
tributed Smalltalk’s implementation of a distributed client/
server architecture, In this model, classes always appear in
logical pairs, one representing the server semantics, the
other their presentation in the client. Consequently, the class
instances or objects also come in pairs. Take for instance
the window object. Every window is composed of two log-
ical parts: its shared (semantic) properties such as its rect-
angular shape, and its local and personal (presentation) at-
tributes suech as color. In general, a semantic ohject often
has (and controls) many different presentation objects,
which in the case of the Software Solution Broker handle
the remote user interactions, thus reducing network trafTic.
For instance, one semantic data display object creates and
controls different presentations of the data as a bar chart
and a pie chart in a decision support system. HP Distributed
Smalltalk allows various modes of collaboration between
the semantic and presentation objects, including messages
that are handled by the object request broker. (For a simple
but complete example see the HP Distributed Smalltalk
Users Guide, chapter 10.)

After this abstract introduction of HP Distributed Smalltalk’s
semantic/presentation split architecture we will deseribe in
more concrete terms how it works for the encapsulation
procedure. As stated above, encapsulation must achieve two
goals: it has to present a graphical representation of the arti-
fact (product, tools, demos, documentation) in its native
mode to the remote client, and it must allow the remote user
to launch the artifact at the server side through this repre-
sentation, HP Distributed Smalltalk has a pair of classes,
MediaS0 and MediaPO, that accomplish exactly this. (The suf-
fixes SO and PO imply that semantic and presentation ob-
Jects, respectively, are spawned by these classes). Tracing
the interaction diagram between two objects of these
classes we found that there exists a ready-made method
called updatePresenter, visible in the MediaS0 class, that creates
the remote presentation object of a product or other artifact
in the server. To customize the generic MediaS0 and MediaP0

classes and the method updatePresenter for the encapsulation
of specific artifacts we first created the narrower subclasses
AriifactS0 and ArtifactP0. Then we augmented ArtifactS0 with
the attributes of artifacts such as vendor and product
names. Finally, using overloading, we extended the method
updatePresenter to include, among several other administra-
tive tasks, the erucial behavior required for launching the
artifacts while exporting their display to the client platform.

Concurrent with this architectural design of the classes and
methods that bring about encapsulation in the Software
Solution Broker, a few product dependent steps must also
be taken. This is done at the instance or object level of every
concrete artifact (such as a product) so that it will behave in
its expected, native mode. This is a simple matter of insert-
ing the right environment variables and parameters in an
encapsulation dialog window. The required information can
easily be gleaned from the installation manual of the particu-
lar product that is being encapsulated. Finally, products,
tools, and other components are put into folders and the
encapsulation is done.

Use of Objeet Technology

The design and building of the Software Solution Broker
were characterized by a short development time, a minimal
amount of new coding, and a high degree of reuse. The major
reason is the application of object-oriented technology. The
object-oriented use is pervasive throughout the design, as
indicated above, but it is helpful to point to specific exam-
ples. We'll give two examples for the object-oriented fea-
tures inheritance and polymorphism in the context of
encapsulation.

One of the examples has just been described: the subclass
ArtifactS0 of the class MediaS0 inherited the method update-
Presenter, which in turn, through the feature of polymorphism,
was overloaded (that is, extended to include additional
functional behavior),

The encapsulation dialog window provides another example.
As an administrative tool, it is not available to the user. It is
an object built from a subelass of the existing HP Distributed
Smalltalk class called SimpleDialog, From this class, the win-
dow inherits characieristics such as its property to pop up
in front of other windows (it's not obscured), its basic layout
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HP Software Solution Broker Accessible Products

Vendors

« Cognos Carp

= ParcPlace System
« XVT Software

® [tasca System

® Informix

» Neuron Data

® Sybase

= Unison Software
» ProtoSoft

» Oracle

» [ynasty

= Netlabs

Tools

HP-UX*
» Cognos Corp.
o PowerHouse 4GL 7.23
» ParcPlace System
o VisualWorks 2.0
© VisualWaorks with Sybase cannectivity
= XV Software
o XVT-Design (C Daveloper Kits)
o XVT/XM (C Developer Kits)
o XVT-Powert+
o XVT/XM (C ++ Developer Kits)
o XVT-PowerObject Pak |
e |tasca System
o ODBMS Server
© Developer Toal Suite
o C Interface
o Lisp Interface
o API Librarigs (C++, CLOS, Ada)
= Informix
o Informix Online R4GL
o Informix WingZ
© Informix SE R4GL
o Infarmix SE 1SOL
© Infarmix Hyperserpt Tools
© Infarmix Online 1ISOL
s Nauron Data
& Smart Elements (Nexpert object)
o Smart Elements (Openedit)
@ Open Interface Elements (Open edit)
o CS Elements {Openedit}
» Sybase
o SA Companion (client & server)
o SOL Maonitar {client & server)
o SOL Debugger inspector
o S0OL Debugger console
o S0OL Data Watkbench
o SOL APT Edit
o S0R Workbench (Easy SOR)
o Open Client/Server
© |SQL/SAL Server
+ Unison Software
< Maestro
© Load Balancer
o Express
o RoadRunner
» ProtoSaft
© Paradigm Plus
o Oracle
» Netlabs
© Net Labs/AssetManager

o NetLabs/Vision

o Netlabs/Assist

o Netlabs/NerveCenter

@ Netlabs/Manager

o Netlabs/OverLord Manager
© Netlabs/Discavery

MS Windows
 Cognos Corp
@ PowerHouse Windows 1.2E
@ Axiant
o Impramptu
o PowerPlay
 ParcPlace System
o VisualWorks 2.0
o VisualWorks with Sybase connectivity
o X\T Software
o X\T-Design (C Developer Kits)
o XVT/Win (C Developer Kits)
o XVT-Powers+
o XNT/Win (C ++ Developer Kits)
o XVT-PowerObject Pak | for MS Windows
» ltasca System
o ODBMS Server
o APl Libraries (C++}
» |iformix
o New Era
» Neuron Data
o Smart Elements (Nexpert object)
© Smart Elements {Openedit)
o Open Interface Elements {Open edit)
o C8 Elements (Openedit)
» Sybase
© Net-Library
o Open Client /C
o SOL Monitor Clignt
o 50R Workbench
o APT Execute
 ProtoSoft
o Paradigm Plus
» Oracle
» Dynasty Technologies
o Dynasty
» Netlabs
o Netlabs/Vision DeskTop

Artifacts
« Cognos Corporation
o QUICK Application
o QUIZ Applicatian
o POL Application
o (DESIGN Application
o QTP Agplication
o QUTIL Application
o PDL And Utilities Reference Manual
© PowerHouse for UNIX — Primar
» ParcPlace System
© Product Overview
» XVT Software
o Product Overview
© XVT Design Tutorial
© XVT Database Demo
© XVT-Power++ Overview
o XVT-Power++ Demo Guide
@ XVT Power++ Earth Demo
= [tasca System

« Infarmix
© Product Overview
© Infarmix R4GL Dema
© Six demos with source codes
@ Informix 1SOL Demo
@ Informix Hyperscript Demo
Meuron Data
© Product Dverview
o Notepad Widget example with source files
© Pack example with source files
o Print widget example with source files
© Rasize widget example with source files
© Resource Picker axample with source files
O Seripting example with source files
© Seroll area usage example with source files
© Scroll bar usage with source files
o Sliders usage with source files
o Special widget example with source files
© String search example with source files
o Text edit validation example with source files
o Windows MD example with saurce files
o Alert Windows example with source files
o Browsex example with saurce files
o Browsinc example with source files
o Chox example with source files
© Chart example with source files
o Clock Widget example with source files
© C++ Notepad widget example with saurce files
o Drag drop example with source files
o Draw example with source files
o DropDown pale example with source files
o File manager example with source files
o File name translator example with saurce files
o File Picker example with source files
o Floating window example with source files
o Cantt chart exampte with source files
© Help engine example with source files
o Help viewer example with souree files
o ICON generator example with source files
o List Box example with source files
o Local drag drop example with source files
o Menu example with source files
o Multiple font text example and source code
o Notepad example with source files
» Sybase
© SyBooks
o APT Demao
© Compute example with sourcs files
o Csr_disp example with source files
© i18n example with source files
o blktxt example with source files
© Fiva other examples with source files
« Unison Software
» ProtoSoft
» Dracle
» [ynasty
» Netlabs

HP-UX is based on and Is compatible with Novell's UNIX®
pperating system. It also complies with X/Open’s® XPG4
POSIX 1003,1, 1003.2, APS 151-1, and SVID2 interface
specifications

UNIX i5 3 registered trademark in the United States and other
countries; licensed exclusively through X/Open Company
Limited

X/0pen is a trademark of X/0pen Company Limited in the UK
and other countries

MS Windows is a LS. trademark of Microsoft Carporation.
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with a text box and O.K. and cancel buttons, and its link to a
value holder that holds the environmental variables, names,
and other information needed for the encapsulation. The
only method needed in addition to inherited ones is the one
requesting the encapsulation parameters mentioned above.

The same procedure, that is, the use of predefined classes
and thus minimal coding, applies to HP Distributed Small-
talk’s folders containing the encapsulated product with its
tools and other artifacts, The HP Distributed Smalltalk class
FolderP0 (PO indicates it is the folder class spawning presen-
tation objects) has a method windowMenu, which creates a
window with several pop-up menus that have labels such
as Action, Edit, and so on. For a subclass of FolderP0 called
FolderPlusPO, these properties of windowMenu are inherited, but
windowMenu is also changed (while keeping the same name),
by the addition of a method artifactCreate and its label in one
of the pop-up menus of windowMenu. The method artifactCreate
is responsible for the inner workings of the encapsulation
dialog window mentioned above.

Development Methodology

Funding for the Software Solution Broker project was subject
to the condition that the development team find, justify, and
implement a design that brings the tools to the consultants in

the fastest possible way with the least amount of resources,

including development, maintenance, and support resources.

At the same time, every released version, even the very first

one, had to find immediate user acceptance. Based on these
stipulations the team chose a development method that is a

hybrid of iterative prototyping and the Fusion method.

Our reasons for favoring iterative prototyping over a classi-
cal software design paradigm that starts with a complete
specification (such as the so-called waterfall model) were:
Time constraints. There are never enough engineer-months
to write a complete specification, implement and test it info
production strength.!

Constraints imposed by the intrinsic nature of the Software

Solution Broker tool we were building, that is:

o Client-side usability. The GUI that was eventually chosen
is the result of repeated testing by potential users to
achieve maximum ease of use and intuitiveness, and this
amount of trial-and-error cannot be specified in advance.

© Tool accessibility. The different products on the virtual
shelf have different behaviors and their own requirements
for resources and administration, and creating the encap-
sulation process again requires much experimentation and
gradual maturation based on experience that cannot be
specified a priori.

o Using the object paradigm. The software substrate chosen
(HP Distributed Smalltalk with VisualWorks) is well-suited
for the rapid development of GUI and client/server
applications.

Based on these considerations, our overall approach was
that of evolutionary prototyping, in which a fully functional
prototype is ushered through repeated refinement steps into
a production-strength end product. We realize that often a
prototype leads only to an executable specification or a vali-
dated model, not a high-quality, stable product. However, in
our ease the sophisticated framework of HP Distributed

Smalltalk with its semantics/presentation split and Visual-
Works with its Model View Controller ensured full function-
ality and high quality at each refinement step because we
reused the existing, high-quality code (including the library
of classes) and very sparingly added new, thoroughly tested
code, preferably as instances (objects) of the existing class
library.

Fusion Method

While iterative prototyping can be seen as a software devel-
opment philosophy that is primarily dictated by business
requirementis such as time to market, break-even time, ar
optimal return on investment, the Fusion method® was de-
veloped with the goal of creating a language independent,
comprehensive, software project management method.
Being a systematic object-oriented development method, it
blends well with our software substrate, which we chose
based on openness, compliance with industry standards,
case of use, and the ability to separate the server (seman-
ties) from the remote clients (presentation). The Fusion
method emphasizes a modular design process in clearly de-
marcated phases, so it synchronizes well with the iterative
prototyping approach, which requires the repetition and
refinement of certain development stages without impacting
others. Furthermore, the Fusion method insists that a soft-
ware development process of the complexity encountered
today must cover the entire software development life cycle,
The Fusion method’s phased development process served as
the blueprint for the Software Solution Broker. It can be
summarized as follows? (our italics):

Starting from a requirements document, the analysis phase
produces a set of models that provide a declarative descrip-
tion of the required system behavior. The analysis models
provide high-level constraints from which the design models
are developed. The design phase produces a set of models
that realize the system behavior as a collection of interacting
objects. The implementation phase shows how to map the
design models onto implementation-language constructs.

In our hybrid approach we take an early, loosely defined
functional prototype as our initial requirements definition
(an executable specification), to be modified and refined in
subsequent iterations through the three phases of analysis,
design, and implementation. After each of these phases a
review of the phase outputs is conducted by the develop-
ment team in conjunction with users. The results of this
audit are prioritized and, if deemed important, incorporated
into the prototype which, through several of such review
loops, evolves after a full cyele into the production product.
(For details about the outputs mentioned and the complete
Fusion process breakdown see reference 2, especially
Appendix A.)

In summary, the two complementary methods of iterative
prototyping and Fusion serve two main purposes. First, at
the end of each prototyping cycle a fully functional produe-
lion-strength product is released. Second, the three Fusion
phases—analysis, design, and implementation—of every
cycle are independent of the phases in another eycle, There-
fore, we are in effect working towards several releases at
the same fime (see Fig. @i).
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Fig. 6. Software Solution Broker development used iterative proto-
typing and the Fusion method, resulting in parallel development

eycles

Customizing the Software Solution Broker

In addition to being a productivity tool and a hub of produet
expertise for HP's technieal consultants, the Broker ean be
customized to meet the business needs of end customers as
well. To sketch how such a customization can be done using
the object-oriented framework of HP Distributed Smalltalk,
imagine a vendor of CAD (computer-aided design) software.
Rather than offering shrink-wrapped software packages on
the shelves of the store the retailer wants to offer customers
an environment where they can, by navigating through vir-
tual shelves, choose interesting products and “test drive”
them in the store before deciding what to buy.

For an end customer such as the CAD software vendor, the
Broker can be customized by mapping the particular cus-
tomer requirements into several levels of design complexity.
These levels describe in technical terms what level of inter-
vention into the framework of HP Distributed Smalltalk is
needed to alter and customize the existing classes and meth-
ods. On the lowest level, the requirements fit the HP Distrib-
uted Smalltalk framework exactly, and the system can be
built from existing classes without change. A higher level of
intervention would be needed to construct the Software
Solution Broker for the CAD software vendor. Slight modifi-
cations of core services (relating to containment and life
cycle semantics), in addition to class augmentation and
overloading of methods, would be recommended. Working
with predefined, well-documented levels of intervention that
are necessary (o meet a customer’s requirements has the
advantage of communicating to the customer in advance,
during the analysis and before system design begins, how
much reuse of the framework is possible, and how much
nonframework augmentation is necessary. Intervention lev-
els are thus not only technical assessments but also indica-
tors of the final costs for the system.

100 April 1995 Hewlett-Packard Journal

Conclusion

The Software Solution Broker was not a typical client/server
application development project. We were not primarily con-
cerned about two-tier or three-tier architectures, about ob-
Jjects per se, about the one “right” programming language, or
about coding. In fact, we went the opposite route. Based on
the working requirements of HP's technical eonsultants and
our own analysis of how consultants work with customers,
we resolved to translate these requirements into a system
built from distributed objects. The building, however, con-
sisted mainly in the skillful choice of exisiing classes and
the exploitation of HP Distributed Smalltalk’s framework.
The novelty in our approach lies not in the coding of new
structures, but in the extensive application of reuse. In fact,
whenever new code seemed required, we took it as a warning
that further analysis was needed to look for prefabricated
code within the framework of HP Distributed Smalltalk.
This simple principle, essential for a fast time to market,
also guaranteed a short turnaround time and high quality.

Through its first two releases, 1.0 and 2.0, the Software Solu-
tion Broker can be viewed as a distributed productivity tool
offering three overlapping types of services. These three
types can be described metaphorically as a virtual software
shop for the display of individual products, a consultative
workbeneh or simulated classroom for studying and experi-
menting with several collaborating products, and a virtual
demo center with remote satellite offices where the techni-
‘al consultants can build prototypes and create demos for a
customer. Looked at from a broader perspective, however,
the Software Solution Broker architecture and implementa-
tion are, with small customization, also ideal for other, re-
lated applications that require one (or a few) persistent cen-
ters and many locally distributed and individually presented
clients. One example is software distribution. Another is the
establishment of a worldwide software application develop-
ment lab where each satellite group can develop its own
part locally, check it in with a central repository where it is
available to the other satellites, and participate remotely in
the integration of the parts into a system. Furthermaore, ob-
Jject technology, with its concept ol containers, makes avail-
able compound documents (text, picture, voice, video, etc.)
that can be employed also on the nontechnical side of busi-
ness as vehicles for elaborate project proposals and other
communication with business customers—for instance, to
propose a solution by showing a video of a prior, successful
installation (this would take the place of a paper document
of reference sites). In this role, the Software Solution Broker
an be a worldwide business solutions exhibil and a conve-
nient repository for a portfolio of repeatable solutions from
which the customer, advised by a consultant, can select
products the way we now choose from mail-order catalogs.
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Bugs in Black and White: Imaging 1C
Logic Levels with Voltage Contrast

Voltage contrast imaging allows visual tracking of logical level prablems
to their source on operating integrated circuits, using a scanning electron
microscope. This paper presents an overview of voltage contrast and the
methods developed to image the failure of dynamic circuits in the
floating-point copracessor circuitry of the HP PA 7100LC processor chip.

by Jack D. Benzel

As pressure for higher performance and higher integration
drives integrated circuit design towards increasing complex-
ity, IC' designers need an ever-broadening set of analysis and
debugging tools and methodologies for tracking down func-
tional bugs and electrical margin issues in their designs.

In developing the new HP PA 7100LC PA-RISC micropro-
cessor chip, the floating-point arithmetic logic unit (FPALL!)
megacell used design techniques based on the PA 7100 de-
sign.! The FPALU design is implemented with mostly
mousetrap-style dynamic logic® with significant use of
single-ended dynamic logie in the last pipeline stage.

Past experience in debugging electrical problems in mouse-
trap designs has shown these problems to be very difficult
to find.”? A failure mechanism that emerged in prototypes of
gate-biased PA T100LC FPALUs proved highly challenging
and evasive and required a large engineering effort to det
from detection to the root cause identification. The voltage
contrast imaging methodology proved useful in analyzing
and later confirming the root cause of the failure mecha-
nism. Results from the analysis allowed us to correct the
design and verify its quality.

The Wall

The FPALL failure mechanism was named “the wall” because
of its appearance on a frequency-versus-voltage shmoo plot
depicting regions of passing and failing vectors (see Fig. 1).

Considerable engineering resources were applied toward
finding the root cause of the wall using many of the tech-
niques that had proved successful on previous design
projects, including but not limited to shmoo plots, failing
vector/opeode analysis, clock phase stretching, focused ion
beam (FIB) experiments, and simulations of probable circuit
failures.” These techniques were not providing enough infor-
mation, and a new methodology was clearly needed.

Why Voltage Contrast?

Another HP design team had recently had success in using
an electron-beam prober? to track down the root cause of a
noise problem on the same CPU chip.

ious e ience with another project several years ago
Previous experience with another project several years ag
provided insights into a methodology similar to electron-
hes ] ing called volta -ast, using a scanni
beam probing called voltage contrast, using a scanning

102 April 1995 Hewlett-Packard Journal

electron microscope (SEM). After considering the various
trade-offs it was decided to proceed with the voltage contrast
imaging while keeping open the option of going to electron-
beam probing if further analysis was required.

SEM Fundamentals

The SEM displays objects by sensing and imaging the release
of secondary electrons from the surface of a sample which
is held in a very high vacuum. A finely focused beam of elec-
trons accelerated from an electron gun with a thousand-volt
potential is swept over the surface of the sample in much
the same way that a television screen is scanned. As the
high-energy electrons in the beam strike the sample, several
valence electrons will be “knocked loose” from the sample
as the impinging electrons lose energy. These now-free elec-
trons, or secondary electrons, find their way to the surface
of the sample and are released from the surface. A highly
biased metal screen situated near the sample collects escap-
ing secondary electrons into a detector which generates a
signal proportional to the number of electrons collected.
The signal from the detector is amplified and displayed on a
CRT screen which is scanned in synchronization with the
electron beam sweeping the sample.
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Fig. 1. Shmoo plot of “the wall.”
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Accumulated Charge
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Fig. 2. (a) First pass “charge” of IC surface with secondary electrons,
(b) Second pass “read” of charged surface (bottom}), resulting video

signal (middle), and 2D video image (top)

Voltage Contrast Imaging

Voltage contrast imaging uses the electrical nature of the
SEM to view voltage potentials on a sample changing with
time. Figs. 2a and 2b show a ¢ross section of the top two
metal signal layers of an [C with the metal lines insulated by
an oxide.

The imaging is done in two stages: charging and reading.
Fig. 2a

shows the state of the IC at the end of the charging stage.
The positive potential of the buried metal lines attracts and
holds the generated secondary electrons on the surface of
the oxide above the metal lines. These charges will remain
on the surface for long periods of time, basically acting like
a capacitor.

Fig. 2b shows the state of the IC at the énd of the read stage
with the voltage potentials of the metal lines now changed.
The resulting detector signal level and the CRT image gener-
ated from it are also shown above the cross section. As the
electron beam sweeps the surface of the sample, the elec-
trons that were once held by the positive charge of the upper-
left and lower metal lines (Fig, 2a) are knocked off the sur-
face and are collected into the detector, generating a bright
signal on the CRT. On the other hand, the upper-right metal
line is now more positive, and the surface above it will re-
lease fewer secondary electrons as the surface capacitively
charges, corresponding to a lower number of electrons
collected and thus a darker signal on the CRT.

2

Fig. 3. Video image of DUT fixture for vollage contrast setup with
top shield removed

DUT Preparation

Preparing the IC [or the SEM environment required carefiil
attention to several details as follows:

Clean Power Environment. Some previous experiments
indicated that the wall was somewhat remedied by a power
environment that restricted the Vpp current supply. There-
fore, careful attention was paid to provide adequate low-
inductance power feeds with adequate decoupling
capacitance.

Simple Vector Stimulus, Restricted eabling into the SEM
chamber and easy portability between two different SEM
facilities required a simple method for executing a wall-
sensitive floating-point operation (FLOP). A successful
method was developed to launch and step through the
phases of a FLOP using the JTAG T-conforiming serial test
port and a serial test board.

Image Capture Synchronization. The capture and imaging
of events on the SEM system requires a synchronizing signal
generated by the device under test (DUT). Several small
surface mount 1Cs were mounted on the PA T100LC package
to decode the clock signals and derive another synchroniz-
ing signal to provide the SEM with an accurate sync pulse
that identified the leading clock edge at the siarting phase
of the failing FLOF.

Minimize Oulgassing. To achieve an adequate vacuum in
the SEM system, materials that had minimal outgassing were
required. This prevented the use of heatshrink tubing and
quick-cure epoxies and required careful eleaning of the DUT.
Packaging. The packaging fixture containing the CPU (see
Fig. 3) met several requirements. The wall was a high-
temperature phenomenon and required heating the part
inside of the SEM with large resistors mounted inside the
fixture. The metal enclosure shielded all but the die surface
from the electron beam, since the beam will positively
charge plastics (wiring, capacitors). The shield also pre-
vented electrical signals in the DUT wiring from interfering
with the beam’s trajectory, The last requirement filled by the
fixturing was a compact size to [it inside the small SEM
chamber.,

t JTAG Is tha Joint Test Action Group, which developed IEEE standard 11481, JEEE Tast
Part and Boundary-Secan Architecture
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Imaging Dynamic Signals

The electron beam scan is synchronized with the scan of the
video display tube and consequently has a slow refresh rate
of 1/60 second. This slow refresh rate works well for station-
ary objects and static electrical signals, but the signals of
interest involved in the wall failure are dynamie, typical of
mousetrap designs. The imaging of dynamic signals required
the development of a new process.

Synchronization and Beam Blanking

The slowest rate at which the DUT could be clocked with
reliable operation of the scan path driven through the JTAG
port was 2.5 MHz, giving a 200-ns phase or period during
which dynamic signals would be active. Connecting a pulse
generator to the DUT's syne pulse allowed the generation of
a variable-widih, variable-delay pulse (see Fig. 4) which was
used to blank the electron beam scanning the DUT. Using
this blanking signal, the SEM could be controlled to charge
or read the IC only during the time of interest when the wall-
related signals were active, A 100-ns sample window was
chosen for the blank signal, which was centered in the clock
phase to reduce possible overlap into adjoining phases.

Once the beam was properly synchronized and blanked, the
apparent lack of information in the video image shown in
Fig. 5 gave a strong indication that more development was
needed.

Image Capture

The next problem to resolve was imaging the brief 100-ns
video information successfully. Several ideas were evaluated
and tried before an acceptable method was found:
Photographic Film Integration. The SEM focuses the light
from a secondary CRT onto the film plane of a Polaroid
camera over a period of several minutes while exercising
the DUT. This method resulted in either completely black or
very indistinct images of the IC.

Two-Dimensional Scan. The SEM can operate with basically
a zero-frequency vertical scan rate. This provides an image of
a single horizontal slice of the IC surface while improving the
refresh rate. Changes in beam intensity were undiscernible
in this mode.
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e Two-Dimensional Scan in Oscilloscope Mode. Using the
same two-dimensional scan mode as above, the intensity
vector of the SEM’s display can be used to drive the vertical
component of the video signal. The resulting image is remi-
niscent of an oscilloscope display showing intensity on the
y axis. No discernible changes in intensity were visible in
this mode as well.

Two-Step Charge/Read. Instead of trying to charge and read
on each or every other FLOP, the process was broken into
two steps. The first step involved turning the beam on only
during the phase of interest while the part was executing
wall FLOPs over a period of three minutes. A long integra-
tion time was required because each time the beam turned
on it only charged a tiny area of the field of view. At the end
of the integration time, the beam was turned off, the IC
powered down, and the beam blank removed from the SEM.
The IC now had a surface charge that reflected the state of
the metal lines during the phase of interest. The second step
was to turn the beam on with no blanking to read the sur-
face charge in its first pass over the IC. The resulting video
image was clear but brief (one video frame). This process
produced an image in which metal lines with a positive volt-
age were white and metal lines at ground were black. An-
other small variation in this process was not to power down
the part before the read step. The resulting image took a
little more thought to interpret because only the metal lines
that changed state from the previous step were black or
white.

Two-Step Charge/Read with VCR Frame Capture. By add-
ing a VCR to the sefup, the resulting video image fed to the
CRT could be captured on tape and then freeze-framed for
viewing. The purchase of a VOR with a forward and reverse
single-frame jog shuttle control greatly aided in isolating the
image captured on a single frame. It was apparent from the
videotape that the majority of the IC's surface charge was
removed in the first sweep of the beam across the die area.
This last methodology was used successfully for imaging
the dynamic signals in the FPALL.

Results

Once the methodology was established, over 120 images
were captured and catalogued on video tape over a four-
week period. Several days were spent at the outset trying to
understand why an active clock line in the imaged phase

< o — .
5 B = ha 1

ge of the Hrst-pass imaging attempts
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Fig. 6. Zero wpH mousetrap buffer

was not showing activity, a key indicator that the proper
phase of the FLOP was being captured. This issue was never
satisfactorily resolved, yet phase-by-phase clock gating in
the FPALU ensured that the signals would only be active
and thus visible in the phase of interest.

Figs. 6, Ta, and 7b show the schematic, artwork, and voltage
confrast image of probably the clearest failure identified
The eircuit in Fig. 6 shows a mousetrap buffer whose stor-
age node, s1, was somehow being compromised, possibly
through a ground differential problem or a noise spike on
the input.

(b)
Fig. 7. (a) Metal 3 plot of Zerm_topH butfer w ith failing input/output
pair A (b) Veltage contrast image of victimized bulfer with failing

A

mpit/sutput pa

\

Circle A it 1 |
the output on the right. The expected value of each metal 3
L=Low, H=High

Ta ide s the buffer’s input on the left and

line is indicated above the lines

7b shows a vol aptured from the
ideotape showing the failure of the buffer. The image
earlv shows evel on t nput (black 1 ahigh
ite) on the outp he buffer in circle Note th
liffere between circle ind circle B whi ientifies
put and outpu identical buffer with no s. It
became clear from this picture that the electric ent ti

level was transitory in

caused the buffer to output a hig
nature and not a static event. The read step of the image

was taken with the I( 1|u\l.t‘['i-|l down.

Metal 1 and even metal 2 lines can be difficult to image unless
they are well-isolated from other metal structures. Fig. 8a
shows the artwork and expected values where several metal
1 lines were imaged. The vertical metal 1 route in circle A
should have a high or white level, and the route to the right
of it in circle B should have a low or black level

Fig. 8b is the voltage contrast image showing the logical
misfiring (high/white) of the metal 1 route in circle B. This

artwork. (b) Voltage contrast image ol FSIABCD

Fig. 8. (a) FSIABCO] bu

s inometal 1 showing

orrect firing of the lines in cirele A and the

incorrect ring of lines in eircle B,
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(a)

Fig. 9. (a) Metal 3 strocture(vertical routing) in passing state at nominal voltage. Horizontal routes

failing state at high voltage with wall fajlure

failure was not seen until the root cause of the wall was
identified and the proper FLOP for arming the failure was
identified.

The logical states of individual lines of dense bus structures
in lower metal levels can be difficult to discern, yet differ-
ences between two states can often be readily identified.

Figs. 9a and 9b illusirate the differencing technique with an
example of a metal 3 strueture in both a passing and failing
state (note the differences in the vertically routed lines in
the top-center of the figures). The bend or distortion in Fig.
b is the result of poor synchronization between the SEM
and the VCR that recorded the images. Note also the
changes in the horizontally routed metal 2 lines.

One technique that greatly aided the interpretation of the
captured images was to plot the artwork of the areas being
maged and annotate the plots with the expected logical
levels as derived from a simulator.

Improvements and Future Use

[t is difficuli to determine if E-beam probing would have
provided guicker, more pertinent information than voltage
contrast. Each tool has its own benefits and drawbacks that
the IC' designer must weigh in light of the problem to be
solved.

Additional IC physical structures and layouts could make
new designs more amenable to voltage conirast imaging as
well as E-beam probing and FIB experiments. These features
could provide regular, systematic, top-level-metal access to
control and data path signals throughout the design. Top-
level-metal access could be provided through directed routing
or through “via stacks” to top layers from lower-level metal
routes. The efficiency of such features in terms of improved
accessibility versus increased layout area is unknown.
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(b}

are metal 2. (b) Metal 3 structure in

The image quality obtained from the SEM for voltage contrast
work could be improved by changing the electron gun fila-
ment from tungsten to a erystalline element. The erystalline
filament would increase the beam current and thus effec-
tively provide a brighter image without increasing the beam
energy which reduces resolution.

Conclusions

The use of voltage contrast imaging proved to be a useful
tool for analyzing and verifving the FPALU margin failure
known as the wall. Although the information gleaned from
the process did not lead directly to the discovery of the root
cause of the failure, the voltage contrast process functioned
well as a clue generator as suggested in reference 3 and pro-
vided important confirmation of the root cause hypothesis.
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Component and System Level Design-
for-Testability Features Implemented
in a Family of Workstation Products

Faced with testing over twenty new ASIC components going into four
different workstation and multiuser computer models, designers formed a
team that developed a common system-level design-for-testability (DFT)
architecture so that subsystem parts could be shared without affecting

the manufacturing test flow.

by Bulent I. Dervisoglu and Michael Ricchetti

Members of the latest-generation family of HP workstation
and multiuser computer products use the same system archi-
tecture and differ mostly in their VO subsystem architecture
and configuration. From a system development point of view
an important characteristic of these products is their use of
a new high-speed system bus architecture and a large num-
ber (over 20) of new ASIC components that were developed
to implement all of the various different configurations of
the product line. Furthermore, all components that interface
with each other via the system bus are required to operate
with the same high-frequency system clock.

A further difficulty was that four different models, ranging
from a single-user desktop workstation to a multiuser com-
puter, were being developed by different design teams that
were both organizationally and geographically separated
from each other. This made it necessary to develop a com-
mon system-level design-for-testability (DFT) architecture to
be used throughout the system and aeross the different com-
puter models so that subsystem parts could be shared
among the different computer models without affecting the
manufacturing test flow.

To address these difficulties a DFT core team was formed at
the very early stages of the project. Because of the large
number of different ASIC teams involved, it was decided
that all ASIC teams at the same site would be represented by
a single representative on the DFT core team. This team has
been instrumental in achieving goal congruence among the
different design teams and manufacturing organizations.
Furthermore, the presence of the DFT core team made it
possible to develop and implement a DFT methodology that
was used by all of the ASIC teams, although the level of ad-
herence varied. The DFT core team also collected data and
performed DFT design reviews for some of the ASICs.

ASIC DFT Design Rules and Guidelines

One of the first activities of the DFT core team was to de-
velop a set of design rules and guidelines to be followed by
the ASIC design teams to ensure that DFT features would be
common among the various components. This made it pos-
sible to share efforts and results and to access the different

DFT features in the ASICs during prototype system bring-up.
The following is a summary of these rules.!

1, All (functional) system clocks must be dirvectly control-
lable from the chip pins and must not be used for any other

Junction. All systems use a common ASIC component (the

system clock controller ASIC) to drive their elock terminals
on the system board. This ASIC has control pins through
which it can be programmed for different clock generation
schemes as well as for starting and halting the system clocks,
Thus, not only the individual ASICs but also the entire system
board has directly controllable clocks.

2. All scan and test clocks must be directly controllable

Srom the component pins, which must not be used for any

other purpose. On the system board all test clocks are tied
together and controlled from a single test point.

3. For each ASIC there is a specific vesel state which is
entered when the component’s ARESET_L signal is asserted.
On the system board, the power-on condition is detected
and is used to reset the ASICs to a known starting state.
Next, the memory controller ASIC generates an SRESET L
signal to all other components on the system bus. Additional
reset signals are generated by other ASICs for use locally.

4. All ASICs must implement o dedicated boundary scan
register and its associated test access port ( TAP) as specified
in IEEE 1149.1 Standard Test Access Port and Boundary-
Sean Architecture. Serial sean-in and scan-out ports of all
ASICs in the system (including the PA 7200 processor, which
is on a separate module) are connected to form a single
serial scan chain.

5. Access to each ASIC's on-clip lest functions must be pro-
vided using the IEEE 1149.1 test access port (TAP) protocol.
The same TAP controller design” is used or heavily lever-
aged in many ASICs. This way, test features implemented in
this controller as an extension to the IEEE 1149.1 standard
were easily leveraged across different ASICs. For example,
the DRIVE_INHIBIT/DRIVE_ENABLE instructions and the OUT_0OFF
bit in the boundary scan register (see “TAP/SAP Controller,”
below) are duplicated in different ASICs in this way.
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6. All ASICs shall be designed to support Inpeg testing,
whenever this is not prevented by the technology used. In
most cases this requirement did nol present any further de-
sign constraints or changes. In a few cases, an internal
Ippg enable signal had to be used to disable active pull-up
and pull-down circuits. However, because of schedule and
cost considerations the PA 7200 processor chip does not
support Ippg testing,

7. All ASICs shall implement internal scan for testing. The
percentage of internal nodes that are scannable shall be
kepl as high as possible without socrificing major chip
area or otherwise affecting the design methodology. For
most practical purposes all ASICs have implemented inter-
nal scan for 100% or nearly 1009 of all internal flip-flops.
However, because of design style and technology differ-
ences, some portions of the PA 7200 processor chip are not
scannable.

8. There shall be no asynchronous logic implemented in the
ASICs. Lack of asynchronous logie is an important require-
ment for many CAD tools for generating test vectors. Fur-
thermore, this rule is intended to prevent side effects caused
by changing the internal and external signals in arbitrary
sequence. The only exception to this rule is granted for the
reset signals, which are implemented to follow a carefully
planned system reset strategy.

The following sections describe some of the DFT features
that have been implemented in the ASICs. Not all features
are implemented in all ASICs. Among the various ASICs, the
memory controller stands out as the chip with the most
extensive DFT features.

TAP/SAP Controller

Access to all on-chip DFT features is implemented through a
test controller block called the test access port/scan access
port (TAP/SAP). The test controller implements all of the
required instructions for the IEEE 1149.1 TAP controller as
well as an extensive set of public and private instructions
which are targeted mostly for internal testing of the ASIC,
Table [ lists all of the TAP instructions that are implemented.
Among the public instructions that have been implemented
are the DRIVE_INHIBIT and DRIVE_ENABLE instructions which
are used to set and clear a latch in the system logic domain
(not considered part of the test logic).

System logie for all ASICs has been designed such that for
normal system operation (i.e., when test logic is not con-
trolling the I/O pins) the ASIC can drive out only if the
DRIVE_INHIBIT latch is cleared. Each ASIC uses its ARESET_L
input to clear the DRIVE_INHIBIT latch during power-up.
Whereas ARESET_L controls the DRIVE_INHIBIT latch only if the
TAP is in a reset state, explicit TAP instructions can be used
at other times to set or clear this latch. This scheme allows
in-cireuit ATE programs to set the DRIVE_INHIBIT latch before
they terminate and reset the TAP without creating possible
board-level bus contention before removing electric power
from the board. Whereas the DRIVE_INHIBIT latch is consid-
ered part of the on-chip system logic, it is implemented as
part of the TAP controller design so that ASIC designers
implementing normal system functions do not have to deal
with any of the issues surrounding the DRIVE_INHIBIT and
DRIVE_ENABLE operations.
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Instruction

EXTEST

BYPASS
SAMPLE/PRELOAD
IDCODE

HI_Z
DRIVE_INHIBIT
DRIVE_ENABLE
SCAN_INTERNAL
CHIPTEST
INTEST
DR_SCAN
SELECT_MODE
SET_MODE_BIT
CLR_MODE_BIT
ISAMPLE
ESAMPLE
DS_DRIVE
DS_RECEIVE

Table |
TAP Instructions

Drive 1/0 Pads

Boundary Register
System Logic
System Logic
System Logic
High-Impedance
Boundary Register
System Logic
System Logic
High-Impedance
Boundary Register
System Logic
Boundary Register
Boundary Register
Boundary Register
System Logic
System Logic
Boundary Register
System Logic

Scan Register

Boundary
Bypass
Boundary
ID Code
Bypass
Bypass
Bypass
f(Mode)
f(Mode)
Boundary
f(Mode)
Mode
Mode
Mode
Bypass
Bypass
Boundary
Boundary

Other TAP instructions are used to set and clear bits of the
mode register to provide aceess to additional test features
such as Ipyp, testing, double-sirobe, and so on. It is also pos-
sible to speed up internal scan operations by switching on the
parallel scan bit in the mode register. This feature enables
multiplexing of the chip's /O pins to perform serial scan-in
and scan-out of the internal scan register by breaking it into
three independent sections which are scanned in parallel
together with the boundary register, which is always scanned
using the test data in and test data out pins of the TAP,

CHIPTEST Instruction
One of the major difficulties in implementing DFT in the
ASICs used for this project has resulted from a common
leveraged I/0) pad design that contains nonscannable latches.
Furthermore, the bidirectional [/O cell implements an internal
bypass path o feed into the chip the same value that is being
driven onto the I/O pad by that chip. In effect, I/O pads con-
tain nonscannable pipeline stages that control both the di-
rection and the value of data on the /O pad. Following a
recommendation from the DFT core team the basic /O cell
design was modified to allow data values received by the
on-chip system logic fo be sef up using the dedicated bound-
ary scan register. In addition, system logic output values can
be captured into the boundary scan register using the system
clock. These design changes were coupled with features
provided by the CHIPTEST instruction in the TAP controller to
streamline the internal testing of the ASICs. For example, all
internal logic of the memory subsystem ASICs (memory
controller, slave memory controller, and data multiplexer) is
tested by the following sequence:

1. Load the CHIPTEST opcode into the ASIC.

2. Use test clocks to perform a parallel scan of the ASIC
internal nodes and the boundary register. At the end of the
scan-in process the newly scanned-in values are automati-
cally moved from the boundary register to the nonscannable
latches in the I'O-cells.
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3. Apply a single system clock to capture test results in in-
ternal nodes and system logic output values in the boundary
register

+ }Ex-iu'}il steps = and 9 f

for each new vector, overlapping the

scan-in and scan-out operations

pins to a high

Sinet ST instruction drives the [

the CH

impedance state it is possible (indeed it is intended ) to exe
cute these tests on a populated system board without fear of

creating board-level bus clashes during such testing

BIST Implementation

The memory controller ASIC incorporates several wide and
shallow register files that are used for queueing operations
within the data paths. The total number of storage elements
in the register files is quite large, so it was not practical to
make these storage elements scannable. Therefore, a built-in
storage test (BIST) approach was chosen to test the memory
controller data path register files.

The memory controller BIST implementation was developed
with the following objectives:

Provide high coverage and short test times.

Provide at-speed testing of the register file structures to
ensure that the memory controller ASIC works at the re-
quired system clock frequency.

Provide flexibility and programmability in the BIST logic to
allow alteration of the test sequence for debug and unfore-
seen failure modes. In particular, the system bring-up and
debug plans provide a means for system-level scan access
to the state within the ASICs. Providing these features
allows read/write access to the nonscannable queue states
for prototype system debug,

Provide for testability of the logic surrounding the register
files through added observation and control points at the
mpuis and outputs of the register file blocks. This is intended
to support automatic test pattern generation (ATPG ) tools
used to generate test vectors for the memory controller and
thus ensure high coverage of the standard cell control logic
for the queues.

The design of the BIST logic in the memory controller data
paths is based on previous work that was done for the PA
T100-based HP 9000 Model 710 workstation. For that product,
a structure independent RAM BIST architecture that uses a
pseudoexhaustive test algorithm and signature analysis was
developed and was implemented in the VO controller ASIC.
The structure independent, pseudoexhaustive test algorithm
provides 99.9% fault coverage of typical RAM faults and can
provide 80% to 99.9% coverage of neighborhood pattern-
sensitive faulis. It also allows the test time (number of read/
write accesses per memory address) to be varied according
to the desired Ffault coverage. BIST architectures for both
the present memory controller ASIC and the previous [/O
controller ASIC use a test algorithm similar to that described
by Ritter and Schwair,” Using the system clock for BIST exe-
cution, the RAM structure can be tested at the normal system
clock rate, thus providing at-speed testing of the RAM.

A dual-port write/single-port read register lile from the pres-
ent memory controller data path, with test structures that
provide both BIST and ATPG support similar to the previous
I/O controller BIST architecture, is shown in Fig. 1. The two
write ports, A and B, can both be addressed and written

independently. The single read port can also be addressed
and read independently of the A and B write ports. Thus,
two write operations and one read operation can all occur
simultaneously for one to three register locations, depending
on the A, B, and read pornt addresses

(Given the dual-ported design of the memory controller reg-
ister files, it was necessary to extend the Previous /O con-
troller BIST architecture to test a dual-ported RAM. This
meant that the memory controller BIST implementation
should be able to test not only the sinultaneous dual-write
operations but also the various combinations of A/B write
and read operations to verify that the port interactions are
working correctly. For the dual-port register files in the
memory controller such interactions include an internal
bypass when the read address is the same as either of the A
or B write addresses and a B-port dominant write when the
A and B write addresses are equal. This dual-write BIST
algorithm is described in reference (.

For the register file shown in Fig. 1 each of the BIST struc-
tures—LFSR (linear feedback shift register), SHIFT, COUNT,
and MISE (multiinput signature register }—is dedicated to
BIST. Each register file also has its own dedicated program-
mable BIST control queue for sequencing the BIST algorithm.
The BIST_MODE signal enables the BIST functions and can be

From From
System  System
Logic  Logic

BIST_MODE

SYSCLK Register

File

l—m—- e

From
System Logic o

g A_addr

q_read_addr

From

Test Logic
o System
q_B_addr Lagic
From
System Logic "
_read_port
* = Multiplexer
Fig. 1. Dual-port register file with built-in storage test (BIST) and
automatic test pattern generation ( ATPG) features, The inputs Lo
the central, embedded RAM structure are provided by multiplexing
hetween the normal system value and a BIST register, which is im
plemented as a linear feedback shift register (LFSR). The output
multiplexer makes it possible to capture the outputs into a multi-

imnput signature register (MISR) and to send either the RAM outputs

or the MISR contents to the rest of the system
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controlled either by a pin on the chip or through other test
access logic such as an IEEE 1149.1 TAP controller or
P1149.2 SAP controller..7 All of the BIST registers are imple-
mented in standard cell blocks separate from the data path
register files. A detailed description of the memory controller
BIST implementation and operation, along with hardware
overhead and test coverage, can be found in reference 6.

Test Tools

The following sections describe the tools and tests that were
used and developed to test the three memory subsystem
ASICs: the memory controller, the slave memory controller,
and the data multiplexer.

Addscan. Fig. 2 shows the flow for scan synthesis. All three
memory subsystem ASICs were designed using a structured-
custom design method.® Each standard cell block used the
in-house Addscan tool” for scan insertion and the scan links
between blocks were connected by hand in the top-level
netlist of the chip. The internal scan order of each block is
based on post place and route information.

Test Vector Generation. The test vector generation flow is
shown in Fig. 3. The ATPG tools from Crosscheck, Inc. were
used to generate most scan-based vectors. Some vectors
were hand-generated. A gate-level netlist of the chip, prior to
Addsean sean insertion, is used to create an ATPG database
for vector generation. A similar data base is used by design-
ers to do Timver static timing analysis. Timver, a timing analy-
sis tool from Aida, Inc.; is used as a part of the test method-
ology for two purposes. First, it allows the design to be
checked for hold violations on all paths to guarantee that
there will be no timing vielations even if ATPG vectors exer-
cise nonfunctional paths in the design. Secondly, Timver
critical paths can be fed back into ATPG in the form of a
vectortep file to generate double-strobe path delay vectors,

block.scan.v

P
. Fig. 2. Addscan tool flow, Add-
g scan 15 an in-house software tool

for scan insertion. Synopsys is an
automatic design synthesis tool
from Synopsys, Ine

The following test vector sets were created for each of the
memory subsystem ASICs:

Continuity. Checks for opens and shorts among the ESD
protection diodes. Prepared manually.

Ringtest. Uses serial “flush” speed (total scan path delay)
through the boundary scan register as a measure of the 1C
process and verifies that the part is within the six-sigma
range. Generated manually in the form of a Cadence Verilog
body file.

De. These tests use the boundary scan ring to drive out all
ones or zeros for de parametric testing. Generated manually
in the form of a Verilog body file.

Leakage and tristate testing. Places the ASIC into a high-
impedance state to allow testing the I/O pads for leakage.
Generated manually in the form of a Verilog body file.

Inng. These vectors are generated by ATPG and are used to
perform static Ipp test and measurement.

TAP Tests. These are tests targeted at functional testing of
the TAP controller. Generated manually in the form of a
Verilog body file.

Chiptest. These vectors are generated by ATPG to test the
core chip logic in from and out to the boundary scan ring
using the TAP CHIPTEST instruction. /O pad logic is not fully
tested by chiptest vectors.

Pintest: These vectors are generated by ATPG and will test
the remaining faults (primarily in the I/0 pad logie) that are
not covered by the chiptest.

Bus Holder. Further testing of the electrical characteristics
of the bidirectional /O cells. Generated manually in the
form of a Verilog body file.

BIST. BIST veetors are only generated on the memory con-
troller. These tests require only two scan vectors, one each
to set up the initialization and test passes for BIST. After
that, a burst of system clocks is applied to test the target

Crosscheck
ATPG Tools:
nxpand
vcomp
fligen

ATPG
FLTSIM
Timver

Inpo

ATPG
Database

chip.gates.v

Timver
Database

vectortiw
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blocks at speed. These vectors are generated using a Perl
seript to produce a tst vector file.

Double-Strobe. These vectors are generated by ATPG based
on Timver ¢ritical paths and are used to provide at-speed
testing of the ASIC 1011

Ac testing of YO Paths, These are functional tests that test
the speed characteristics of critical /O paths. Generated
manually only if testing, design review, and chip character-
ization results indicate a concern

Process, Voltage, and Temperature (PVT) Block Test. Gener-
ated manually, this group of tests applies only to the slave
memory controller chip which uses a unique PVT block to
compensate for process, voltage, and temperature varia-
tions in a particular IO cell.

Vector and Test Logic Verification. Fig. 4 shows the flow for
test vector verification using Verilog or LSIM (a special FET-
level simulator). Test vectors from ATPG can be directly
converted using TSSI (a tool for test program generation
from TSSI, Inc.) into a command file format and verified
against a gate-level netlist in Verilog or a FET-level netlisi
using LSIM. Alternatively, test vectors can be simulated
using a Verilog body file. A body file is a wrapper or test jig
that can either be a test vector sef itself (hand-generated
functional tests) or can run scan-based ATPG vectors using
a scan and clock sequence,

The AT&T Tapdance tool was used for further verification
of the TAP logic before tape release of the ASICs, Tapdance
generates a set of IEEE 1149.1 compliance iests to verify
standard TAP functionality. The Tapdance vectors were
converted using Perl scriptst into a Verilog force file and
simulated on a gate-level netlist.

Tester Format Translation. Fig. 4 also shows the fMow for trans-
lation of vectors into a tester format. Using TSSI, vectors
were formatted directly to HP 82000 tester format. To get to
the Schlumberger SO000 tester, vectors were [irst formatted

% a high-level programming language

-

Fail

Verilog

Verify

body file set

HP 82000
Test Vectors

Test Vectors
ents a

from TSSL Ir
Pass suite of test tools from Aida, Inc
LSIM is a special FET-level simu-
lator, SIMITS is a format conver
gion tool from Schiumberger

Fail

to LSIM and then passed through SIMITS, a format converter
from Schlumberger.

Using a Verilog programming language interface that outputs
a TSSI simulation event format file dump, vectors can also
be translated from body files to one of the testers.

System DFT Features

The new systems have been designed to provide a method
to access ASIC scan paths, both boundary and internal, at
the system level. This has two major purposes, First, it pro-
vides a means of accessing the internal state of complex
VLSI components, This provides additional hardware state
information to designers that would typically be inaccessi-
ble and can aid traditional prototype bring-up and debug
methods. Second, it provides the ability to do scan-based
testing of board and system interconnect and internal scan
testing of ASICs.

The following test and debug features are provided by system
SCAnN access:

® Ability to halt the system clocks and inferrogate the internal
scan state of the ASICs,

s Single-cyele debug of the system core by halting the system
clocks, interactive scanning of the internal state, and then
starting or eyeling the system clocks.

e Board-level and system-level interconnect testing and inter-
active debug using boundary scan. This includes testing
connectors between two boards where houndary scannable
blI."‘u('S Cross 'II{' connector.

e Ability to test an ASIC while it is on the board using bound-

ary and internal scan. This may include double-strobe tests
and running on-chip BIST, if supported by the ASIC under
Lest.

As part of the overall DFT requirements, all ASICs implement
the IEEE 1149.1 Standard Test Access Port and Boundary-
Sean Architecture, This provides support for system-level
scan aceess. In addition, key debug support features are

April 19605 Hewlet-Packard Jourmnal 111

© Copr. 1949-1998 Hewlett-Packard Co.

111




Asset PC
Gl Ethernet
- RS-232

System Board

System
Clock
Control

Asset
Interface
Pod

Scan
Adapter
Board

IEEE 1149.1 Bus

Printed
Circuit
Board

DFT = Design for Testability

incorporated into the system clock controller chip to allow
for halting and controlling the system clocks. Further infor-
mation on system clock controller features can be found in
reference 12.

Fig. 5 shows a diagram of the system-level sean access hard-
ware. The Texas Instruments PC-based Asset toolset is used
as the interface to system scan. The Asset PC is connected
to a scan adapter board via the Asset interface pod, The
scan adapter board then plugs onto the system board and
provides control of the system clock controller features, the
TAP controller and system logic reset, the clock halt triggers,
and the /O device clock halt from the Asset software. The
scan paths in the system are configured as a single serial
scan chain with optional system boards implemented as
dynamic scan paths that can be configured in Asset.

The Asset sean tools provide the following capabilities for
Systerm scan access:

Interactive control of scan path data and TAP controller
instructions with scan-bit name mapping and packing and
unpacking of sean data.

Macro scripting eapabilities for combining several interactive
operations into a single macro command. Asset also accepts
serial vector format sean vectors for user-developed tests.
Specification of system scan path configuration for dynamic
scan paths and optional boards, such as CPUs, memory
extender boards, and 1/O.

Secan path integrity testing and boundary scan interconnect
testing of intraboard and interboard nets.

Control of system clock halt, single-cycle stepping, and
system and TAP reset.
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Fig. 5. System-level scan access.
Asset is a set of scan tools from

Texas Instruments, Ine

Results and Conclusions

The DFT techniques described above, which were cham-
pioned by the DFT core team, were implemented in several
different ASICs with varying degrees of adherence to the
DET rules and methodology, In general, results obtained
during prototype chip debug have shown a direct correlation
between the level of DFT implementation and the rapidity of
test development, chip characterization, and root-cause
analysis. For example, while the three memory subsystem
ASICs were the last to reach tape release, these chips were
the first to reach the operational test release (OTR) and re-
lease to manufacturing test (RTPT) checkpoints. The avail-
ability of high-quality and comprehensive test sets for these
chips enabled chip characterization efforts to be started
right away. Furthermore, success in reaching the OTR
checkpoint made it possible to transfer the task of testing
prototype chips (which are used in the prototype systems)
to the manufacturing engineers. This had a very positive
effect on resources available to perform chip characteriza-
tion. In turn, successful completion of this step coupled with
efforts of the R&D engineers to improve test coverage en-
abled the team to reach the RTPT milestone well before any
of the other ASICs had reached their OTR checkpoints.

The Asset iool and its customized extensions provided a low-
cost system scan access solution with flexible functionality
and ease of use. As a commercial tool solution it eut down on
development and maintenance costs compared to developing
a proprietary toolset and ean be reused for future projects.
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led the multimedia architecture team that coordi-
nated wark across four HP sites involved with real-
time MPEG deeading in software. Her work has re-
sulted in seven patents and several more pending in
the areas of processor architecture, pipeling imple-
mentations, branch optimizations; cache hints, as-
sists architecture, and multimedia She has authored
or coauthored approximately thirty papers on sub-
jects related to PA-RISC architecture, multimedia,
parallel processing, VLSI, and computer performance
She is @ member of the |EEE and the ACM. Ruby is
married, has two children, and enjoys skiing, aero-
bics, windsurfing, and classical music.

John P. Beck

John Beck is an enginger/scientist with the Wark-
station Technology Division. He joined HF when
Apollo was acquired by HP in 1989, He has worked
an digital video conferencing and the CRX graphics
system. Before caming to HP he was with Digital
Equipment Corporation and Apollo where he warked
on high-parfarmance CPUs and workstations. His
work has resulted in two patents pending related to
parallel subword averaging and digital video com-
pression. He was a key contributar to the software
MPEG project. and he did the initial software opti-
mizations

Joel Lamb

Joel Lamb has been a mem-
ber of the technical staff at
HP's Systems Technology
Division since 1985 when he
f| first joined HP. Bom in

| McCook, Nebraska, he at-
tended the University of Ne-
braska where he received
his BSEE degree in 1883 and
his MSEE in 1985, He is currently working on a new
PA-RISC processor He was respansible for imple-
menting the multimedia instructions for the PA
7100LC processor His previous waork at HP includes
work.on the circuit design for several PA-RISC pro-
cassors and design of an integer ALU, integer shifter,
and integer data path. He is a member of the |EEE
and his work has resulted in four patents related to
VLSI circuit designs. Joal is married and has two
sons

Kenneth E. Severson

A project manager with the
Warkstation Systems Divi-
sion, Ken Severson is pres-
ently responsible for imag-
ing software at the graphics
software laboratory in Ft.
Collins, Colorado. He came
to HP in 1989 as an Apollo

. employes working on 30
graphics. He was responsible for leading the group
that worked on digital video for the MPEG decam-
pression project in the multimedia lab in Chelmsford,
Massachusetts. Born in Grand Forks, North Dakota,
he attended the University of North Dakota where he
earned a BS degree in physics and mathematics in
1974 and an MS in physics in 1877. Before working
at Apollo or HP, he worked on software development
in computer-aided design and manufacturing at Si-
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eveloper of two
debuted at S C-

S. Paul Tucker

Paul Tucker is a member of
the technical staff inthe
graphics hardware labore-

tems Division. He joined
HPF's Graphics Technology
Division in 1988 and is cur-
rently responsible for work
on HP's next generation of
3D graphics produms He received a BSEE degree

(1986) and an MSEE (1987 from Oklahoma State Uni-

versity, and his waork has resulted in a patent related
1o graphics memory organization. His professional
interests include graphics and digital signal process-
ing. Bom in Tulsa, Oklahoma, he is married and en-
joys music, scubia diving, cyeling, skiing, gol, per-
sanal computers and brewing beer

Arlen L Roesner

Arlen Roesner was born in
Glendive, Montana and
grew up in Montana's Gla-
cier Park area. He attendad
Montana State University,
earning a BS degree in me-
chanical engineering with a
minor in physics in 1984. He
|5 @ product design engineer
at the Fort Collins system laboratory of the Systems
Technology Division where he is respansible for the
mechanical design of the next generation of work-
stations. With HP since 1984, his previous work in-
cludes mechanical design for several HP 9000 Series
700 workstations. He was respansible for the me-
chanical and thermal design of the Mode! 712 wark-
station described in this issue His work has resulted
in two patents related to an EISA/ISA card mounting
concept for rear-instrument access, and & mass-stor-
age tray concept far rear-instrument access of multi-
nle drives. He is the author of a previous Journal ar-
ticle on the mechanical design of the HP 3000
Models 720 and 730 workstations. He is married, has
two children, and enjoys fishing, woodworking, and
computers. He is an active participant in the Fort Cal-
lins Vineyard Christian Fellowship and the suicide
task farce of Larimer County,

tory in HP's Workstation Sys-

Dennis A. Bowers

has baen wath HP since 9?
whien hie Degan work at the
HP Computer Support Bivi-
sion in Bosaville, Califomia
He received his BSEET de-
gree from California State Polytechnic University at
Pomaona in 1978 and an MSECE (electrical and com-
puter engineering) from the University of Califormia at
Davis in 1985. Currently respansible for midrange HP
3000 and HP 9000 platforms. Bennis provided project
leadership for the low-end business sefvers ge-
scribed in this issue. Previous contributions at HP
include production engineening at both the Computer
Support Division arid the Computer Systems Division
on the HP 1000 and the HP 3000 Series 37 computer
systems. He has also worked in different technical
development capacities on several HP 3000 and HP
9000 computer systems Before joining HP he worked
at Odetics Inc. in Anaheim, California as a lab techni-
cian, Computer Automation’s Automatic Test Division
in irving; California as a field support engineer, and
Alpha Microsystems in Irvine, California as an R&D
angineer. He is a member of the [EEE and the ACM
Bomn in Aeading, Pennsylvania, hie is married and has
two sans. His favorite hobby is to tinker in his garage
|usually accompanied by both sons). He enjoys auto
restoration {currently working on a 1934 Ford 5-win-
dow coupe), Is a licensed ham radio operator
{KBBHLC), and is active in his church and involved
with several bible study groups. He also sarves as an
assistant scout master for the Boy Scouts of America

Gerard M. Enkerlin

Gerard Enkerlin was barn in
San Luis Potosi, Mexico and
attended the University of
North Dakota where he re-
ceived a BS degree in engi-
neering management and
electrical engineering in
1986. He continued his stud-
ies at the University of
Texas, earning an MS in manufacturing engineering
in 1983, jnining HP's Network Computer Manutactur-
ing Operations that same year. He is presently a man-
ufacturing program engineer respansible for new
product introduction for new low-end servers. Pre-
vious experience at HP includes work as a product
engineer, process engineer, and program manager for
various business server projects, Before coming to HP
he worked for Delco Products of General Mators as a
master scheduler and manufacturing engineer. He is
interested in manufacturing and distribution model-
ing and manufacturing optimization analysis. Gerard
is married and enjoys golf, soccer, skiing, traveling,
reading, and movies. He is alsa fluent in Spanish.
German, and English

Karen L Murillo

&n R&D project manages at
HP’s System Technalogy Di-

n Murilio joined
1979 at the Computer
visian. She was a

the HP 3000 Series 48/ 53 ujr‘-rulﬁr §JC1ETT3 She
was also a project manager for the HP 3000 Series
972 10 958 and the HP 3000 Series 822 to BS2 com-
puter systems. Her responsibilities for the project
reported in this issue were as project manager for
the HP 3000 Sevies 8x7 and HP 3000 Series Ex5 com-
puter systems. Karen is currently a project manager
for future low-end multiuser server systems, She re-
ceived a BSEE degree in computer engineering from
lowa State University in 1979, She authored an HP
Joumnal article on testability in 1382. Born in lowa;
she is married and has a son and two golden retriev-
ers. She enjoys woodwaorking, playing soccer and
basketball, and coaching her son’s soccer team, Ka-
ren also participates in bringing computer and elec-
tronics technology into her son’s thind-grade classroom

85 HP Distributed Smalltalk

Eileen Keremitsis

Eileen Keremitsis is a publi-
cations consultant with Ahi-
noceros Consulting of San
Francisco. She received a BA
degree in Latin American
studies from the University
of California at Berkeley in
1973, an MA in history and
ecanomic development from
Columbia University in 1976, and a PhD {Fullbright
Scholar) in Latin American history from Columbia
University in 1982. She waorked with the HF Distrib-
uted Smalltalk team fram 1993 to 1994 creating all
user documentation for the first three major releases
and providing all learning products support. She has
worked with object-oriented software for gight years
and has been involved with technical publications for
ten years. She previously taught histary at the Uni-
versity of Maine and the University of North Carolina
at Charlotte. She is & senior member of the Society
for Technical Communication and a member af the
ACM and the IEEE Computer Society

lan J. Fuller

lan Fuller is @ marketing pro-
gram manager af the Soft-
ware Engineering Systems
Division. He joined HP in
1980 with the Office Sys-
tems Division in Pinewuod
near Reading, England. He
‘ received a BS degree in
e physical and computer
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sciences from Oxford Polytechnic in 1978. As a prod-
uct manager, lan is presently engaged in consulting
and marketing far HP Distributed Smalltalk. Previous
contributions at HP include project management for
HP DeskManager, software engineering for the HP
Cooperative Computing Center, and project manage-
ment for HP NewWave He was also a software ar-
chitect for the Information Architecture Group, mar-
keting product manager at the Open Systems
Software Division, and the HP representative on the
Object Management Groug's technical committes.
Befare joining HP lan was with ITT Business Systems
in London, England where he programmed computer
message switch software. He is interasted in distrib-
uted systems and object-oriented systems for busi-
ness applications and has published two previous
articles in the HP Jaurnal cancerning HP DeskMa-
nager and NewWave. He was born in Gosport, Hamp-
shire, England, is marriad, and enjoys travel (espe-
cially to Asia) and photography.

93 Software Solution Broker

Manny Yousefi

Manny Yousefi came to HP's
Manufacturing Productivity
Division in 1988 and is now
a project manager with the
Professional Services Divi-
sion in Mountain View, Cali-
fornia. He was the project
manager for development of
the Software Solution Bro-
ker reported in this issue and is one of its coarchi-
tects, He was also respansible for the negotiation
and procurement of third-party product licenses
needed for various Software Solution Broker product
features. He received a BS degree in computer sci-
ence from the California Polytechnic State University
in 1983. His previous accomplishments at HP include
waork as an architecture team member for an object-
oriented manufacturing application and work on an
object-oriented text management system. Before
coming to HP, Manny was with U.S. Sprint as a senior
software engineer and project manager and with
Memarex Corporation as a software engineer. He is
Interested in object-oriented development and meth-
ndologies and distributed client/server applications.
In his free time, he enjoys gardening.

Adel Ghoneimy

Adel Ghoneimy 1s a free-
lance software consultant
and has been working with
HP's Professional Services
Division since 1993. He is
responsible for the architec-
ture and the ongaing devel-
opment of the Software
Solution Broker reported in
this issue: He holds a BS degree in computer science
and automatic control from Alexandria University,
Egypt and has an MS degree in computer science
from the University of Minnesota. Before becoming
an HP contractor, Adel was with Digital Equipment
Corporation where he led the development of a work-
flow system and with Honeywell Corporation where
he managed large software development efforts and

contributed to several projects in the area of distrib-
uted systems applied research and advanced devel-
opment. At Honeywell, he warked on problems of
systems engineering for distributed autamation and
cantrol systems. He has published applied research
articles in the areas of workflow, object manage-
ment, and instrumentatian for distributed applica-
tions. His work has producad two patents concerning
long-lived transactions and workflow management
systems. He is interasted in business process engi-
neering, object-oriented develapment and methodol-
ogies, distributed client/server applications, and
transactional workflow management systems. Ha was
born in Cairo, Egypt and enjoys ballroom dancing

Waulf Rehder

Wulf Rehder came to HP's
Systems Technology Division
in 1988 and is now the cur-
riculum manager for object
technalogy with HP's Profes-
sional Services Division. He
received a BS deoree in
mathematics and physics
from Hamburg University in
1969, an MS in mathematics and statistics from Dort-
mund University in 1972, and a PhD in mathematics
from Berlin Technical University in 1978. He is cur-
rently responsible for the development and deploy-
ment of customer education courses in object tech-
naology. He participated in the discussions of the
development team for the Software Solution Broker
reported in this issug. His previous contributions at
HP include simulation and modeling for PA-RISC com-
puters, work as a project manager at the HP Labora-
tories Pisa Science Canter in ltaly, and the creation of
test algorithms for figld programmable gate arrays at
HP Laboratories. Before joining HP he was a perfor-
mance manager at Metaphor Computer Systems and
amathematics professor al the California State Unj-
versity at San Jose. A prolific authar, Wulf has pub-
lished 36 scientific papers on mathematics, physics,
and enginearing, another 50 articles for various mag-
azines and newspapers, and a book. He is interested
in object-oriented methods, mathematical tools, and
“making difficult things appear simple." He was barn
ina small village in northern Germany, 15 married,
and has two children. He enjays writing for several
literary magazines and is a contributing editor for the
Bloomsbury Review and a contributing writer for the
Buston Book Review

102 Voltage Contrast Imaging

Jack D. Benzel

Jack Benzel is a member of
the technical staff at the
Integrated Circuits Business
Division (ICBD} in Fort Col-
lins, Colorado. He is respon-
sibile for structured-custom
IC design for floating-point
math coprocessors for PA-
RISC processors. He joined
the company in 1990. Beginning in test process engi-
neering in ICBD manufacturing, he developed an off-
line wafer inking system before moving to the ICBD
design lab three and a half years ago. Jack holds a
BSEE degree fram Colorade State University |1985)

£z

and was with [BM at Boulder, Colorado for four years
befare joining HP. He served as a design engineer for
the voltage contrast imaging project reported in this
Issue. He is married, has three young children, and
enjoys time with his family, camping, and music and
drama performance at church

107 Design for Testability

Bulent I. Dervisoglu

Befare leaving HP recently
10 join Silicon Graphics, Bul-
ent Dervisoglu was a senior
constlting engineer at HP's
Advanced Systems Division
He received his BSEE degree
from the Middle East Techni-
cal University in Ankara,
Turkey, in 1969 and his PhD
degree in computer science from the University of
Edinburgh, Scotland, in 1973. He taught and con-
ducted research al several universities in Eurape and
the LLS.A. before joining the Sperry Carporate Re-
search Center in Massachusetts in 1980 Later he
jained the MIT Lincoln Laboratories in Lexington,
Massachusetts, where his research interests in-
cluded huilt-in self-test and design varification. He
jained Apalla Computer in 1889 and became an HP
employee with HP's 1989 acquisition of Apolia. Bul-
ent has published extensively in various IEEE techni-
cal journals and conferences and 15 the chairman of
the IEEE P1149.2 working group for developing a flex-
ible and high-performance-oriented version of bound-
ary-scan architecture.

Michael Ricchetti

Mike Ricchetti is a member
of the cansulting staff at
Cadence Design Systems
where he is responsible for
design for testability (DFT)
methodology and tools. He
earned 2 BS degree in com-
puter enginearing at Ohin
State University in 1982
Previously, he was with Hewlett-Packard and Apallo,
where he worked on design for testability and chip
test development with the Workstation Systems Divi-
sion. He was with HP-Apallo for 10 years and was
the DFT engineer for the memary controller ASIC re-
ported in this issue. Before joining Apello in 1985, he
was a diagnostics engineer at Digital Equipment Cor-
poration. Mike is an [EEE member and participates on
the [EEE P1149.2 Testability Standards Committee
working group
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