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In this Issue
Engineering
workstations
are computersthat are foundon engineers'
desks,butpersonal
computers
theyarenot,exceptforthesuperficial
visual
resemblance.
A case in pointis this month'scoversubject,the HP 9000
Series300familyof modularworkstations.
As thecoverphotosuggests,
the
Series300offersa rangeof optionsthatwouldbewilder
thetypicalPCbuyer.
processsothatnot
Designing
theSeries300Computers
andtheproduction
onlydoeseachcustomerget a correctly
configured
computer,
butalsoany
optioncan be installedlaterin thefield,wasa significant
engineering
challengethat'sdiscussedin the articleon page4. The samearticletellshow
the Series300 came to its presentdefinition,startingout as a proposedlow-costmemberof the
Series 200 family and evolvinginto a modular replacementfor the entire Series 200 that otfers
performancefar beyondany Series200 Computer.The performanceof the Series300 Computers
beginswith the Motorola68010and 68020microprocessors
and the 68881floating-point
coprocessor for the 68020. Model 310, the lower-performancemember of the family, uses the 68010,
which has 16-bit addressand data buses and does 32-bit operations.The design of the Model
310 processorboard is the subjectof the articleon page 9. Model 320, the higher-performance
Series300 familymember,usesthe 68020and the 68881,which are full 32-bitprocessors.Model
320's design is describedin the articleon page 12. The issue of portingSeries200 softwareto
the Series300 was a major designconcernthat is addressedin the articleon page22. Powerful
graphicscapabilities,which are mandatoryfor the CAD/CAEapplicationsthat are an engineering
workstation'sdaily fare (the display in the cover photo shows a printed circuit board design
application),are providedby a bit-mappeddisplaybasedon two customVLSI chips. In the article
on page 17, the chips'designerstell us how they dealt with requirementsto supportboth monochromeand colormonitors,each with eithermediumor highresolution,whilemaintainingcompatibilitywith the Series 200, which doesn't have a bit-mappeddisplay.
Electronicmail, along with word processing,spreadsheets,and graphics,is one of the basic
servicesexpectedof an officeautomationsystem.Hereat the Hewlett-PackardJournal,we began
to use HP's own electronicmail product,HP DeskManager,early in 1983.Today, we'd be hardpressedto get along withoutit. lt has cut the time it takes for writtencommunicationwith Europe
or Japan from about a week to overnight.lt is the way we preferto receivearticlemanuscripts,
becausewe can copy them directlyto HP's word processingproduct,HP Word, for editing,and
then eithermail them rightback to the authorsfor reviewor dump them to our typesettingsystem,
savingthe multipleretypingsthat we used to have to do. HP Desk (we preferthe shortername)
is integratedwith word processing,spreadsheet,and graphicssoftwareso that files createdusing
those productsare easily mailed electronicallyto any of the more than 50,000 HP Desk users
worldwide.Accordingto publishedreports,that numberof users makesHP's networkcomparable
in size to the larger commercialelectronicmail networks.The paper on pages 30 to 48 is a
comprehensivediscussionof the lessonslearnedin implementingthe HP networksuccessfully.
Topicsdiscussedincludestrategy,specifictacticaladvice,and potentialpitfalls.The papershould
be valuableto any organizationimplementing,
planning,or thinkingaboutan electronicmailsystem.
-R. P. Dolan

What's Ahead
Computernetworkingwill be the themeof the Octoberissue.Topicswill inctudeHP AdvanceNet,
which is Hewlett-Packard'soverall networkingstrategy,and various networkingproducts and
servicesfor HP 1000, HP 3000, and HP 9000 Computers.

to editing. Letters should be addressed toi Editor, Hewlett-Packard Journal, 3200 Hlllview Avenue. Palo Alto, CA 94304, U.S.A.
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AdvancedModularEngineering
Workstations
sysfemallowsthe user to choosethe
Thisworkstation
processor,displaysysfem,memory,inbrtace cards,
perip herals, and oper ating systemmostapp rop riatefor the
application.
by Gilbertl. Sandberg,Daryl E. Knoblock,John C. Keith, MichaelK. Bowen,and RonaldP. Dean
HE HP 9000 SERIES300 is a modular, high-performance,technical workstationfamily (Fig. 1) that can
be configured to meet the needs of a wide range of
technical applications.An engineeror scientistcan choose
from two SPUs,six displays,six I/O slots,and a wide range
of input devicesto meet exactneeds'and can later upgrade
the workstationin any of the optionswith only a few minutes
of assemblyeffort.This article discussesthe impact of such
a large choice of options on the Series300's development'
Development History
The development of a new low-cost member of the HP
9000 Series 200 Computer family was first proposed in
1981. Using a high degree of both physical and logical
integration,this machine was to sell for only $zooo (U.S.)'
It was proposed that this computer consist of only two
printed circuit boards enclosedwithin a video monitor: a
monitor electronicsboard and a single-boardSPU (system
processingunit) tapping its power from the monitor board.
Adding a keyboardand a disc drive would produce a com-

pletesystemcapableof running the HP-UXoperatingsystem,
HP's enhancedversion of AT&T Bell Laboratories'UNIX'*
operatingsystem.As the required logic was analyzed,two
areas were singled out for proprietary LSI development:
the addresstranslation subsystemneeded to run HP-UX,
and the video display subsYstem.
At that time, there was a growing awatenessof the system
advantagesof a new type of display subsystemcalled a
bit-mapped display. This type of display subsystemholds
text characterimagesin the samememory usedfor graphics
pixels, rather than generatingthem on the fly from ASCII
characters stored in a separatememory. Although there is
far more flexibility in the generation and use of character
fonts, much additional hardware is neededto maintain the
performance of character placement and scrolling. Although this type of display subsystemseemsinconsistent
with a low-iost product, it is far more easily integrated
becausethe memory
into an LSI chip than its predecessors,
for storing ASCII charactervalues and the ROM neededto
convert them to graphics images on the fly can be elimi-

Fig. 1. The Hp ^OOOSerles 300 is a modular family of high-performance technical computel
syslems designed for instrumentcontrot and CADICAE applications.A variety of processo/s,
graphics displays,llO options,mass storage devlces,and other peripheralsare availableto
tailor a system for a particular application.
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nated. Therefore, it was decided to develop such a chip,
based on one that had already been developed at HP's plant
in Corvallis, Oregon, but capable of higher resolution, color
graphics, and much faster character manipulation.
The address translation subsystem (called a memory
management unit, or MMU) also began development at this
time, and these two LSI efforts essentially drove the
schedule for the first two years. But time has a way of
changing the factors that define a project, and projects that
contain Iarge LSI efforts are particularly vulnerable because
of their long duration. Two such factors had a dramatic effect
on the Series 300 definition: advances in monitor technology and the development of a high-performance 32-bit microprocessor.
By 1984, Hewlett-Packard was developing a standard,
uniform packaging strategy, known as the ITF family, for
use within most of its computer systems. The main benefit
of this concept is the ability to leverage modular components designed and manufactured at other HP facilities and
still produce a system that looks as if it were designed by
a single team (which in fact it was, although the team was
spread over a large geographic area). This family includes
low-cost color and monochrome monitors that match the
needs of the Series 300 product, and because of their high
production volumes, result in a lower total system cost
than the original integrated product definition. As a result,
the Series 300 was redefined to be a modular rather than
an integrated product.
With this change to a modular definition, striking similarities showed up between the Series 300 and a parallel
effort to define a new high-performance member of the Series
200 family based on Motorola's proposed 68020 microprocessor. In May of 1gB4 it was proposed to merge these two
projects into a single project which offered in one product
a choice of two processor boards: a single-board computer
capable of running the UNIX operating system based on
the Series 300 LSI technology and Motorola's 68010 processor (see article, page 9), and ahigh-performance three-board
computer based on the full 32-bit 68020 processor (see
article, page 1,2).This product proposal, which included a
choice of four displays and I/O expansion from zero to
twelve I/O slots, was capable of being configured to match
the characteristics of every member of the existing Series
200 family.
With a single product, HP could consolidate its manufacturing of technical computers, offer better price/performance ratios in each market segment served by each
member of the Series 200, and allow customers to tune a
machine to their exact needs. In addition, marketing techniques and design features were proposed to allow customers to upgrade their processor, display, or I/O subsystems
at any time after their original purchase of a Series 300
model.

AchievingCompleteness
As the conceptfor theHP9000Series300Computerfamily
evolved into the goal of completely replacing the earlier
Series 200 family of computers, the task of providing a
complete solution grew rapidly. HP's Fort Collins Systems
Division (FSD)had completedmany major successfulprograms in the past,1'2but never before had the division

worked on a program to replace a complete family of computers. There were five different models in the Series 200
family that had to be replaced at one introduction event.
The new family of computers had to be able to cover the
complete range of functionality that the previous family
provided, and, ideally, do it at a lower cost and with improved performance. At the same time, our market direction was being expanded to include design automation
(CAE/CAD) as well as the traditional customers served by
the Series 200. This placed additional requirements on
providing a complete solution.
The most noticeable requirement imposed by the CAE
market is in the display offering. Although the high performance needed for CAE applications is available from the
68020 processor, the medium-resolution color and monochrome displays selected at that time to replace existing
Series 200 capability did not provide enough resolution
for the detailed graphics images required for CAE displays.
Therefore, high-resolution color and monochrome displays
were added to the family definition.
Since the medium-resolution monochrome and color displays were developed at HP's Roseville Terminals Division,
a major area of responsibility and needless diversion of
resources was avoided at FSD. Only one part-time engineer
was needed to act as a liaison with the monitor design
group to ensure that these monitors would interface satisfactorily with the Series 300.
FSD already had displays that met the high-resolution
requirements of the CAE marketplace. All that was required
to use these displays for the Series 300 was to design the
appropriate hardware driver boards and the custom integrated circuits (see article on page 17) that were necessary
to reduce the physical size of these boards so they could
fit in the product package.
The keyboard design was done in a similar fashion, this
time working with the personal computer group in HP's
Singapore facility. Keyboard design and manufacturing activities have been centralized in Singapore to maximize
volume and make efficient use of resources for tooling and
manufacturing robots. FSD uses the ITF keyboard from
Singapore3on the earlier Series 200 Model 217 Computer.
This same keyboard is used on the Series 300 without
changes. Again, all that was required in the form of resources from FSD was someone to act as a liaison with
Singapore, since although the keyboard was already in production, design changes continue to be made in the
keyboard to improve reliability and customer satisfaction.
The main system processor unit needed to continue the
concept of extensibility and flexibility. To achieve this,
two CPU boards were designed to fit into the same system
slot. With the 68010 single-board computer described in
the article on page 9, many of the configurations of the
earlier Series 200 family could be replaced with a unit that
had higher performance and lower cost. However, by substituting the 68020 processor board with high-speed cache
memory and a full 32-bit-wide memory bus described in
the article on page 12, twice the performance is provided
for complex applications.
The ability to incorporate extensive I/O capability was
important for the measurement automation applications
that are served by the Series 200, yet posed significant cost
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burdens at the low end. The maximum number of I/O slots
of the SPU packagehad to overlapthe number in the earlier
Series200 family, but also needed to match the low cost
of the least-expensiveSeries 200 model. Since the 68010
processorboard has most of the I/O capability required by
many customers,this problem was solved by making an
VO card cagethat is removablefrom the basic systempackage.Then, for those applicationsthat require the high-performance68020 SPU,which has no I/O capability and also
frequently requires large amounts of memory, a passive I/O
expander was designed.This expander fits on top of the
68020 SPU,and has mechanicaland electricalconnections
that can be made by the customer with no special tools.

grams on the Series 300 that are designed for the Series
200 and make use of both the graphics and alphanumeric
planes simultaneously could cause serious problems with
the resulting display on the Series 300 screen. To resolve
this compatibility issue, the same boards that are used in
the Series 200 to provide the alphanumeric and graphics
planes of memory are supported as an option to the Series
300. but with the addition of a software-controllable switch
that allows either the bit-mapped driver or the two separate
planes to be connected to the CRT display' The Series 300
software operating systems also incorporate features to
make application programs written for the Series 200 compatible with the Series 300 (see article on page 22).

lD Module
Although only the major system needs in providing a
complete family have been discussed,there were several
other needs that, while smaller in scope and complexity,
are just as important in terms of completing the functional
replacementof the earlier Series200 family. One such need
is the ability of the Series 200 processorsto return, upon
commandby the softwareoperatingsystem,a unique serial
number. This featurewas provided so that application programs that had the capability of checking this variable
could be made to restrict their operation to only those
machines that had had their serial numbers encoded in
that software.This is important to prevent unauthorized
use of application programs that have been supplied by
third-party or independent software vendors.
As the development of the two processorboards proceeded,it became obvious that with the complexity and
the physical size limitations of those two boards it would
be impossible to include this self-identificationfeature on
the Series 300 processorboards. This created a problem,
since there are no other boards that always reside in the
mainframe that could be called upon to host this function'
What evolved to solve this problem is a small package
known as the ID Module, which interfaceswith the machine
via the samemechanismas the keyboard.This ID Module
also has the capability to return a unique number (actually
its own serial number) to the software operating system for
the same use as mentioned earlier. Having this capability
in a separatepackagefrom the SPU, rather than integrated
with it, provides two benefits.First, being portable,the ID
Module can be moved from one machine to another.Thus
a customer who legitimately has authorization to use a
certain software packageis not limited to using it on just
one machine.If there is need to travel to an off-sitelocation
and run this samesoftwareon another Series300 Computer, all the user needs to carry is the ID Module and that
software. Second,if a machine were to fail, a user can, if
more than one Series 300 Computer exists at the user's
site, simply move to another computer and not be prevented from using authorized software.

Design Verification
The Series300 had to succeedin four areas:marketplace
contributions, quality, schedule and factory.cost. It was
decided to test the Series300's definition early in the marketplace to ensure that its contributions were adequate'
Focus panels,step studies,and completenesssurveyswere
done both inside and outside HP. The product was reviewed in detail with key customers.
To ensureearly availability of softwareand applications
on the Series 300, fifty hardware prototypes were developed and distributed inside and outside of HewlettPackard,worldwide. These units gave valuable feedback
to the designersand allowed software development and
application porting to Series 300 to begin months before
introduction.

Series 200 Display Compatibility
Compatibility with the Series200 method of driving the
CRT display was anotherrequirement.The Series200 uses
separate memory planes for the alphanumeric and the
graphics displays, while the Series 300 uses a single bit.mapped memory plane for both. Running software pro-
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Product Design
The Series300 representsthe secondgenerationof 3zsmm-wide computers in the HP 9000 family. The primary
objective of the product design was to make a Series 300
system easyto expand, manufacture,and service'
Expandability is the ability of the computer to support
numerous configurations.At introduction there were two
processorboards and four display boards.Each board has
its own segmentof a rear panel and conforms to the same
dimensions.Captivescrewsthat can be turned by hand are
used to secureall of the cover plates.
The Series300 usesthe Series200 DIO cards.The fourslot card cagecan be deletedand added later. An eight-slot
expandercan also be added to the four slots in the computer. These expansionsrequire the removal of the top cover
held on by two captive screws.Installing the four-slot card
cage requires a screwdriver for two flathead screws, but
installing the expanderdoesnot require a tool' Fig' 2 shows
a typical step-by-stepexpansion of the Series300.
The box goestogethervery quickly, as illustrated in the
exploded view of the product, Fig. 3. The fans and motherboard arefastenedto the fan plate, which then is assembled
to the chassis.Front and rear feet areattachedto the chassis
and the power supply slides in. The DIO card cageand the
printed circuit boards are installed and the unit is tested.
To close the box, the top cover and power supply door are
added and the front panel is snappedon. The unit is then
packagedand shipped to the customer.
The total assemblytime is 30 to 45 minutes, depending
on the configuration. Assembling the I/O expander takes
only 30 minutes and requires almost no test time' In con-

t r a s t , a c o n f i g u r a t i o n w i t h a 6 8 0 2 0 p r o c e s s o rb o a r c la n c l a
high-resolution color rnonitor boarclreiluircs 45 nrlnutes
( 1 5 m i n u t e s o f t e s t t i m e ) . T h i s a s s u r n c st h a t t h c p r i n t e d
circuit boards have alreaclybeen built ancl tested. The
p r i n t e d c i r c u i t b o a r c l sa r e a g e c la t t h e b o a r c l l e v e l , n o t a t
l h e i r t s t n r m e n tl e v e l .

Assembly Process
T h e a s s e m b l y p r o c e s s u s e s c o m p u t e r i z e d p r o c ; e s sc o l l t r o l . A s e r i a l n u m b e r p l a t c a r - r db a r c o c l es t i r ; k c ra r e l t r i n l c d
f o r t h e u n i t . A m o n i t o r d i s p l a y s r , r , h aot p t i o n i s t o b e b u i l t .
The computer only lets shippableordersonto the pr.oclur:t i o i r l i n e . A s h i p p a b l eo r d e r m u s t h a v e a l l p e r i p h e r a l sa v a i l a b l e f o r c o o r c l i n a t e ds h i p m e n t s . T h e c o m p u t e r c l e t e r r n i n e s

.
l ,

;

:

Fig' 2. (a) The mtntmumseries 300 conftgurationis the single-boardcomputer.(b) Expand
the systemby adding the DIO card cage. Thisallowsthe additionof more memory,llO cards,
or accessorycards.(c) Upgradewithany of fouroptionalgraphicsinlerfaces-htgh, or medium,
resolution,color or monochrome.(d) upgrade to the 68020 processor. Thisrequtresthe Dlo
card cage tor the HP-HlL board and memory. (e) Expand again with the Dlo expanderfor a
total of twelveD/O siols.
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the sequenceof configurations to be built to maximize
throughput. Since testing is such a large proportion of the
build time, a large backup would occur at the test station
if units with long test times were built in sequence.
After the basic box is assembled,it is configured with
the appropriate printed circuit boards.The operatorreads
the bar code into the computer and the display showswhat
boardsto install. At the teststationthe test operatorattaches
the necessarycables,then readsin the bar code.This starts
the test. The operatormust verify the operationof the fans,
the power-on indicator, the audio signal, and the video
output.
The same operatorthen performs the final packageclosure. The bar code is read, and the computer prints the
packing label (which also has a bar code on it). The top
cover, front panel, door, and labels are installed. Finally,
high-potential testing is completed.
At packaging,the bar code is read and the computer

displays which cables need to be shipped with the unit.
The bar coded cable kits are verified as they are packaged
with the computer. The unit is then ready to go to the
shipping department,where the bar coded shipping label
helps generatea pick list of other products to include with
the unit.
Package Design
The Series 300 computer and expander use the same
design. Both boxes share the same tooling and parts, and
were on the same development schedule' Since the DIO
card cageis exactly the sameheight as two systemboards,
the expanderjust substitutesan additional four DIO slots
for the two system boards. The same brackets and card
guides are used twice in the expander. One innovative
technique used to conservespaceis that the connectionto
the backplanesis made on the back side of the board. Connectors are press-fittedin the spacesbetween the pins of
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Fig.S. Exploded view o/ a Serles 300 Computer
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adjacent DIO card connectors.
The expander top cover and chassis have an added hole
to bus signals from the Series300 computer to the expander.
The expander cover gets swapped with the computer during the installation and sliding clips hold the boxes together. The motherboards use the same board blank, but
to reduce cost, the unused connectors are not loaded. The
expander motherboard also differs because there is a power
cable to the backplane. The rest of the sheet metal, all
plastic parts, and the power supply are identical.
Other measures of manufacturability are the type and
quantity of screws used in the unit. The assembly of the
basic box requires four flathead screws to hold the sheet
metal pieces together, seven panhead screws to hold the
motherboard, and one screw to hold the power supply in
place. Each fan requires two screws, and the DIO card cage,
if present, requires six. The front panel snaps onto some
spring clips and the interior side of the DIO card cage uses
only tabs, slots, and hooks for attachment.
The sheet metal enclosure reduces RFI (radio-frequency
interferenceJ without the use of extensive gasketing. Each
system board has two custom clips that contact the cover
plate on the board below, or connect directly to the chassis.
The power supply contacts some different clips on top and
bottom. Those clips are the only items added specifically
to suppress RFI. The extensive use of overlaps in the sheet
metal parts allows this minimal addition of special parts.
This avoids the addition of gasket material, which is often
a concern to the manufacturing organization, being timeconsuming and at times having a high scrap rate.

The Series 300 computer and expander are easy to manufacture and consequently they are easy to service. All ol
the system boards and DIO cards slide in and out from the
rear of the unit. The power supply also slides out from the
rear and there are no cables to disconnect. The fans and
the LED power-on indicator can be replaced from the front
of the box, even if the unit is underneath a stack of other
boxes. The front panel is easily removed, giving the service
person access to the cables and all of the necessary screws.
However, the motherboard is very difficult to remove, requiring that the box be completely disassembled. Fortunately, the motherboard has only connectors, resistors, and
diodes which have very low failure rates.
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ModularComputerLow-EndProcessor
Board Design
by Martin L. Speer and Nicholas P. Mati

HE HEART OF THE HP 9000 Model 310 system
processingunit (SPU)is the processorboard.With
the exceptionof the power supply, no other major
electrical subsystemsneed exist within the Model 310 SPU
box. By adding a medium-resolution monochrome video
monitor, an HP-HIL keyboard, and mass storage, a complete
and useful workstation capable of running Pascal, BASIC,
or the HP-UX operating system can be constructed.
The Model 310 processor board is a complete singleboard computer with the following features:
: 1 0 - M H z M C O B O l 0m i c r o p r o c e s s o r
r Up to 1M bytes of high-speed RAM
I Model-32O-compatible memory management unit (MMU)
r HP-IB (IEEE 4BB/IEC 625) interface
I RS-232-CA/.24interface
r HP-HIL keyboard interface

r Programmable sound generator (beeper)
r Battery-backed real-time clock
I Bit-mapped monochrome display electronics with 1024dot-by-a00-line resolution
r Programmable timer module (used by HP-UX operating
systemJ
r Up to 12BK bytes of boot ROM (64K bytes are currently
being used).
Putting all these features on one board makes the Model
310 system more manufacturable, reduces the cost, and
allows increased performance for both the RAM and the
memory management unit. Yet, a system designed around
the Model 31o processor board is still expandable by means
of the Model 3t0's second system board slot, a four-slot
DIO backplane, and an eight-slot DIO expander. (DIO is
an asynchronous bus based on the B-MHz MC6B000 micro-
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processor.)
Several physical design challenges were posed by the
Model 310 processor board. First, all the features listed
above had to fit within g3.4 square inches and meet component height restrictions that ranged from 0.325 inch to
0.775 inch. Second, restrictions were placed on component
location because of thermal design constraints imposed by
the system box and a need to minimize trace lengths for
critical signals. Improved timing margins, reduced cross
talk, reduced trace capacitance, and reduced EMI (electromagnetic interference) were the key benefits of complying
with the component location and trace length restrictions.
Increasing the performance of the Model 310 processor
board had its share of design challenges when coupled
with board area limitations and cost goals. The main performance contributions were made by adding a 10-MHz
68010 processor, a local RAM bus, and hardware to assist
HP-IB parallel polls. The decision to use the 68010 microprocessor was made because earlier B-MHz products were
viewed as being too slow. To take advantage of the increased clock frequency of the 68010, a fast local RAM bus
and RAM controller were designed. The local RAM bus
supports faster memory accessesthan are possible on DIO,
whose timing is based on B-MHz operation. RAM accesses
to memory on the Model 310 board add no wait states
while RAM accesses to memory on the DIO bus require
two wait states.
Hardware to assist HP-IB parallel polls was added to
improve the performance of the HP-UX operating system
when the internal HP-IB interface is used as the disc interface. Without this additional hardware, the HP-UX system
conducts software parallel polls periodically. Once a paral-

Address Lines

|

Fig. 1. Baslc systempaftitioningof the Model310 processor
board.
lel poll is detected, the operating system must synchronize
the pending disc transfer with the disc drive. This is a
time-consuming task necessitated by the disc drive's requiring data within a short time after the parallel poll response. The hardware designed for the Model 310 processor board conducts a parallel poll and generates an interrupt when an ,HP-IB device responds. Interrupts can be
serviced within the response time required by disc drives
and the resynchronization software cycle becomes unnecessary. A performance increase for disc accesses of approximately 50% is observed because of this circuitry.
A major design challenge was that of maintaining software compatibility with earlier HP 9000 Series 200 systems.
With two exceptions, the final design of the Model ato
SPU board maintains a high degree of hardware architectural compatibility with Series 200 machines. The two exceptions are the bit-mapped display electronics and a Model320-compatible memory management unit (MMU). AII
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Fig.2. Block diagram of llO subsystem.
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other hardware architecture changes are transparent to the
operating systems and thus compatible. Cost and performance were the reasons for choosing the bit-mapped display architecture that is present on the Model 310 board.
Performance, improved capability, and compatibility within the Series 300 family were reasons for the move to the
Model 320 MMU.
Cost reduction and manufacturability were high priorities during the design of the Model 310 processor board.
The use of custom LSI circuits, careful system partitioning,
and careful component type and package selection were
three important actions that contributed to cost reduction
and manufacturability. By carefully partitioning the system, most of the support logic could be incorporated into
four custom LSI circuits. The design of each custom IC was
done with the total system needs in mind, thus further
reducing the external components needed. plastic DIp components were selected when available. These components
are typically less expensive than other package types and
they can be loaded onto printed circuit boards by existing
production machinery.
The complexity of the design effort was greatly reduced
by partitioning the Model 310 SPU board into two independent subsystems, the I/O subsystem and the CpU/MMU/
RAM subsystem (Fig. 1). These two subsystems are connected only at their DIO interfaces, but share some commonly generated clocks. To ensure Series 300 family compatibility, the Model 310's I/O subsystem design was leveraged in developing the human interface card that is used
in Model 320 systems.

l/O Subsystem
TheI/O subsystem
(Fig.2) consistsof the followingsections on the processor board:
r HP-IB, RS-232-C, and HP-HIL interfaces
r Programmable sound generator (beeper)
I Battery-backed real-time clock
I Bit-mapped monochrome display electronics
I Programmable timer module
I Up to 12BK bytes of boot ROM.
Two of the sections listed above have architectural
changes that were added to get additional performancethe HP-IB section and the bit-mapped monochrome display
section. As mentioned earlier, the HpJB section on the
Model 310 processor board has additional hardware for
performing an HP-IB parallel poll. The article on page 1,7
provides information about the bit-mapped display controller and what hardware features were incorporated in it
to improve its performance.

To keep the device count down and provide all the I/O
features listed above, two custom LSI ICs were designed
using Texas Instruments' standardcell technology.These
two ICsgenerateall the chip enablesignals,DIO handshake
signals,DIO buffer control signals,and HP-IB DMA (direct
memory access)support signals needed. In addition, all
the architected DIO registersneeded by the different I/O
sections and the HP-IB parallel poll hardware are part of
these two custom ICs. These two ICs make it possible to
put all the I/O functionality mentioned aboveon the Model
310 board while still leaving room for the CpU, MMU, and
1M bytes of RAM.
Although the Model 310 is the low-end SpU of the Series
300 family, it has up to 85% of the performance of the
earlier high-end Series200 machine at a cost less than the
low end of the Series200. Unlike the Model 320,the Model
310 doesnot have a cachememory to improve performance.
The addition of a cache would have been prohibitive in
terms of expenseand board area.Instead,the Model elO
is highly tuned to operate with its 1M bytes of on-board
RAM. The 10-MHz 68010 processor runs no-wait-state
memory cycles (maximum 68010 performance)out of the
on-board RAM even when memory mapping is enabled.
The Model 310 can also accessRAM over the DIO bus, but
these accessestake approximately 1.S times longer and
causethe 68010 to insert wait statesin its memorv cvcle.
MMU/RAMSubsystem
Fig. 3 shows a block diagram of the MMU/RAM subsystem. All 68010bus cyclesto either DIO or high-speedRAM
must pass through the MMU where the translation of addressestakes place. The architectureof the MMU is functionally identical to the discrete32-bit MMU on the Model
320, which is describedin the article on page 12.
The MMU/RAM controller was integratedinto a Motorola
MCA2BOOALS
ECL gatearray becauseof spacerestrictions.
The MCA2B0OALSgatearrayprovides120TTl-compatible
I/O pins and high-speedoperation. Tfre gate array design
is highly self-contained,requiring only TLB ftranslation
lookaside buffer) RAMs and a few TTL support chips to
form the complete MMU/RAM controller. Generation of
systemfunctions such as bus error timeout and bus master
arbitration, as well as control of the DIO bus interfaceand
executionof DIO bus cyclesareperformedby the gatearray.
Full support for 2b6K-bit 120-ns dynamic RAM is provided by the gatearray. It is designedto accommodatethe
512K-byteor the 1M-byteloading options of the Model 3tO
board by sensingwhether a pull-up or pull-down resistor
is presentat each RASline during power-up. The presence

Fig. 3. Block diagram of MMIJI
RAM subsvstem.
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of loaded parity RAM is sensed by a transition on the parity
data lines. Only after a transition occurs can parity fault
checking begin.
I/O pins are a precious commodity on the gate array.
Rather than allocate five pins to define the starting address
of the on-board RAM, the RAM is instead automatically
located in a fashion similar to the RAM on some Series
200 processor boards. By scanning down through the memory space, the boot ROM locates the starting address of the
on-board RAM by finding a location where no device or
RAM responds and a bus time-out occurs. On the first timeout after power-up, the MMU asserts HALTalong with BUS
ERROR,forcing the 68010 to rerun the bus cycle. At the
same time. the RAM's address select decoders are latched
at the vacant address. When the cycle is rerun, the on-board
RAM is now located at the formerly vacant address and
responds to the 68010.
Since there is no cache memory on the Model 310 board,
a great deal of attention was paid to optimizing on-board
RAM performance. At the beginning of a mapped 68010
bus cycle, the nine low-order address bits from the processor are allowed to ripple through the MMU directly into
the RAM array to set up the row address. The upper bits
of the logical address simultaneously pass through the TLB

RAM. If the translated address selects the on-board RAM,
then the appropriate RAS line is immediately asserted to
the RAM array since the row addresses have met the setup
time. The memory cycle to the on-board RAM is under
way even before the DIO bus cycle has commenced. Once
the DIO cycle has begun and addresses are latched in the
DIO buffers, the column address for the on-board RAM is
multiplexed onto the nine low-order address bits out of
the MMU and into the RAM array. CAS is then asserted
and the memory location accessed.
The dynamic RAM refresh controller uses the eight lower
address bits out of the MMU to run a RAS-only refresh cycle
to the on-board RAM. As a first priority, the RAM controller
tries to initiate a refresh cycle during a DIO cycle. If it
cannot bury a refresh during a DIO cycle within 4 pr.s,then
it holds off further MMU activity while a RAS-only refresh
cycle is run.
The position of the various control signals to DIO and
on-board RAM can be precisely tuned for optimum performance since the gate array's state machines run at the system clock rate of 60 MHz. This fine resolution allows events
to occur with little dead time and eliminates the need for
analog delay elements on the Model 310 processorboard.

SPUfor a Modular
High-Performance
WorkstationFamilY
by Jonathan J. Rubinstein
HE HP s000 MODEL 320 COMPUTERis the highperformancemember of the Series300 family. It is
and
basedon a 16.67-MHzMC6B020microprocessor
an MC6BBB1 floating-point coprocessor. The processor
board is a full sz-bit implementation that uses a 16K-byte
high-speed cache memory to allow the processorto operate
at full speed. A 32-bit memory management unit (MMU)
provides up to four gigabytes of virtual address space.
The Model 320 processorboard is fully compatible with
the 68000 DIO bus architecture, allowing it to replace the
lower-performance Model 310 processor board based on a
1O-MHz MC6B010 microprocessor without any change to
the system. This compatibility also allows any HP 9000
Series 200 memory board or I/O card to be used in the
Model 320.
The 68020 is the 32-bit implementation of Motorola's
68000 microprocessor architecture. In addition to new 32bit instructions and addressing modes, the 68020 contains
a 256-byte instruction cache [I-cache)and coprocessorsupport. To increase its performance, a three-stageinstruction
pipe and instruction overlap are included in the 68020'1
The 68881 is the floating-point coprocessorfor the 68020.
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It provides an extension to the 68020 instruction set with
full IEEE B0-bit floating-point support, including transcendental functions. Since the 68881 is a coprocessor, the
programmer is unaware that it is separate from the 68020
and thus sees the pair as a single processor.
The latest-generation microprocessors have a performance level that matches that of mainframes of a few years
ago. To use this performance fully, architectural features
similar to those seen in mainframes must be used. A memory hierarchy and memory management are examples of
the types of features that can provide higher performance
without adding excessive costs or constraining the size of
the main memory subsystem. In agreement with this trend,
the Model 320 contains a high-speed external cache and
memory management unit. (For a general discussion of
cache architectures, see reference 2.)
Cache Architecture
After careful analysis of performance, price, and board
area, we selected a 16K-byte cache. The cache is implemented with 2KxB RAMs, which are readily available
and do not consume an excessiveamount of power because

of their power-down capability. To keep the complexity
down, a "write through" memory update policy is used.
This policy implies that a write executed by the processor
is written to the cache and the memory in parallel. A write
access incurs a penalty equivalent to one or two memory
accesses,depending on the size. The Model 320 cache buffers both instruction and data accesses.
The 68020 is capable of accessingmemory in three clock
cycles. However, it is difficult to implement a cache for
the 68020 that can be accessed without additional clock
cycles (wait states).If a physical cache is implemented, it
is almost impossible with current technology not to introduce wait states. The trade-off is to add one or more wait
states for address translation or use a logical cache. If a
logical cache is used, the hit rate of the cache is lower
because of the cache purges required. However, simulation
shows that the hit rate of a logical cache is not lowered to
the point of reducing the performance below that which
would be obtained if one wait state were added to use a
physical cache. If address translation adds two wait states,
then the logical cache is the clear choice over a physical
cache.
A typical argument against a logical cache is the added
software complexity. However, with the 68020, which already contains a logical instruction cache, little additional
operating system support is needed for external cache support.
Given these considerations, a logical cache implementation was chosen for the Model 320 system. To achieve nowait-state access, 35-ns and 45-ns 2KxB RAMs from
Toshiba are used. To build the valid bits for each entry,
2S-ns AMD9150 1Kx4 RAMs were selected. These RAMs
have an additional clear capability, allowing the cache to
be purged in one bus cycle.
Once we chose a logical cache architecture, an effort was
made to increase the cache hit rate. We found through
simulation that if the supervisor or user entries in the cache
could be purged separately, the hit rate of the logical cache
is only slightly lower than the hit rate of a physical cache.
The assumption is that the operating system only purges
the portion of the cache that requires it. To implement this
enhancement, we use two valid bits for each entry in the
cache, either of which can be set or cleared. In other words,

every entry in the cache can contain data or instructions
from either supervisor space or user space. Under software
control all of the user or supervisor entries can be purged.
We selected a line size of 3z bits. The line size is the
width of a cache entry and a 32-bit line size allows the
processor to accessthe cache with a single bus cycle. The
choice of a set size was more difficult. A set size of either
one or two could be easily implemented given the available
RAM technology; hence the decision had to be based
strictly on the price/performance trade-off. After comparing
the increased performance provided by the higher hit rate
with the cost of the additional RAM and comparators required for a set size of two, we decided to use a direct
mapped (set size of one) approach.

MemoryManagement
Architecture
The Series300 usesan HP-definedMMU arch' ecture,
which provides four gigabytes of virtual memory rr each
process in the HP-UX operating system, HP's enhanced
version of AT&T Bell Laboratories' UNIX'" operating system. The page size is 4K bytes and a two-level, 32-bit table
entry, paged MMU is used. The MMU used on the Model
320 is completely compatible with the Model 310 implementation, allowing identical HP-UX kernels.
The table structure supported by the Series 300 is similar
to that of the earlier Series 200 Computers. This similarity
helps minimize the software effort required to port the
operating systems. In addition, the Series 300 MMU is also
a subset of the Motorola 68851 PMMU definition, ensuring
a compatible growth path with Motorola products in the
future. The two-level table walk is shown in Fig. 1.
The 32-bit logical address is divided into three offsets:
bits LA22to LA31 are the offset into the segment table, bits
LA12to LA21 are the offset into the page table, and bits LRO
to LA11 are the offset into the page. The user or supervisor
root pointer is chosen by FC2, which is part of the logical
address.
The root pointer contains the upper 12 bits of the starting
address of the segment table. The segment table offset is
concatenated with the selected root pointer to find the
segment table entry. The page table offset is concatenated
with the segment table address entry (page table pointer),
which chooses a page table entry. The page table entry

Fig. 1. Two-leveltable walk.
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Fig. 2, Segmenttable enuv
contains a pointer to a physical page, and the page offset
is used to access the correct byte address.
The segment table entry is defined in Fig' 2. The address
entry is the upper 20 bits of a 32-bit page table physical
address. The w bit is the write protect bit and the v bit is
the valid bit.
The page table entry is defined in Fig. 3. The address
portion of the entry is the upper 20 bits of the physical
page address. The next four SW bits are ignored by the
hardware and are allocated for software use. The D bit is
the dirty bit and is set by the hardware when a page is
written. The R bit is the referenced bit and is set by the
hardware when a page is referenced. As in the segment
table entry, the w bit is the write protect bit and the v bit
is the valid bit.
A performance enhancement is made to the MMU by
adding a cache inhibit bit to the page table entry. The cache
inhibit bit ct blocks the cache from loading an entry from
the associated page into the cache. This capability is used
to keep I/O pages out of the cache and can be used to
prevent pages used for DMA (direct memory access) activity from being cached. By not caching pages used with
DMA (such as disc buffers), the need to purge the cache
on completion of DMA is eliminated.
To speed up address translation, a translation lookaside
buffer (TLB) is used to store recently generated translations'
In the Model 320, the supervisor and user spaces each have
a 1024-entry TLB. A TLB of this size allows eight megabytes
of physical space to be mapped simultaneously and simulation shows that the miss rate of the TLB is less than 1%.
In the simplest form of logical cache, the MMU is not
accessed until after the cache is accessed and a miss occurs.
When this implementation is used, the cache must be
purged more often because of the additional purges necessary whenever the operating system is executing MMU
housekeeping activities. We avoided these additional
purges by accessing the cache and TLB in parallel. The
processor cannot use the data in the cache unless there is
a valid entry in both the cache and TLB. Although it is
impossible to guarantee that if the data is in the cache, the
translation will be in the TLB, it is typically so. Thus,
having both buffers accessed in parallel leads to little performance degradation caused by TLB misses and increases
the hit rate of the cache by reducing the number of purges'

to a 68020 trace to simulate the external cache hit rate. We
wrote a program to make this conversion and store a 68020
trace. This program simulates the instruction pipe and the
I-cache of the 68020. To analyze the external cache, we
wrote a cache simulation program that allows parameters
such as cache size, line size, set size, replacement algorithm, and associativity to be varied. We later modified
the cache program to allow similar simulations for TLB
analysis.
Since the hit rate of a cache is not only dependent on
the cache configuration, but also on the specific application, different traces are required for different applications.
To characterize the Series 200 family, we traced the three
operating systems available: HP stand-alone interpreted
BASIC, HP Pascal Workstation, and HP-UX.
Thirteen traces were generated: one from BASIC, two
from the Pascal Workstation, and ten from HP-UX. The
trace from BASIC was a fast Fourier transform with graphics
display. Since BASIC is interpreted and stands alone, the
cache hit rate is less dependent on the application program
than it is with other operating systems. The interpreter
uses most of the system resources and thus a larger sample
was not required. From the Pascal Workstation, two types
of tasks were chosen: a large compile, which is representative of general processing, and the recalculation of a VisiCalc" spreadsheet, which is computation bound.
To characterize the HP-UX operating system, thirty programs were selected. The HP-UX traces were generated
using the following types of applications: floating-point
and nonfloating-point intensive arithmetic programs such
as B1D and Sieve, the Pascal, Fortran, and C compilers,
the vi editor, several graphics intensive programs, disc intensive programs such as find and grep, and other system
utilities such as nrotf.With all thirteen traces, a total of 200
million accesses were analyzed.
An investigation simulating all possible cache organizations would have been overwhelming. Instead, we chose
a few of the most promising cache organizations. Table I
shows the caghe hit rates for four organizations. The hit
rate is calculated by dividing the number of hits by the
total number of accessescoming from the 68020, and then
multiplying by 100. For the larger caches, the hit rate is
more dependent on the percent of writes since these accesses are always counted as a miss. Because of.a 640/oI-cache
hit rate, the hit rates are lower than documented for many
systems in the past.
Predicted and Actual Performance
To characterize the performance of systems with similar
or identical processor architectures, we use the million-in-

CacheSimulationDescription
To design the Series 300 family, we developed a cache
and TLB simulation that allowed us to make correct design
trade-offs and characterize possible system configurations.
To simulate the behavior of the 68020, actual 68000 data
traces were obtained by monitoring the backplane of a
Model 236 Computer. A special bus interface card was
designed to monitor transactions across the bus and allow
a second Model 236 Computer to store the data.
Once a 68000 address trace is collected, it is converted
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Fig. 3. Page table entry

Table I
ExternalCache Hit Rates
8K
1"1

C a c h es i z e [ b y t e s ) :
Set size:

Table ll
AverageAccessTime (ns)

16K

16K
2

32K
1

BASIC system
P a s c a lW o r k s t a t i o n
HP-UX:(average)
Istandarddeviation)
Worst hit rate
Besthit rate

76 . 7
65.S
63.9
5.4
58.0
76 . 7

84.0
7"1.7
6S.2
4.7
65.1
84.0

86.7
74.2
72.O
5.3
67.O
86.7

85.0

Average of all traces
Istandarddeviation)

65.3
6.2

70.8
6.1

73.6
6.3

74.9
4.9

73 . 5
4."1
65.2
85.0

E6.C... * (1 Eh.)x[W.(W*.M.."16 +
(1 W*.) X (M.,,,,:zll

(1)

where E6. is the external cache hit rate, Co.. is the cache
is the memory accesstime (540
accesstime (120 ns), Mar;r:16
n s ) , M a c c a 2i s t h e 3 2 - b i t a c c e s st i m e ( 1 2 0 0 n s ) , W . i s t h e
percent of misses that are writes, and Wb,r is the percent
of writes that are less than 32 bits.
From the 68020 simulations it was found that with a
647ol-cache hit rate, "l7.4ohof all 68020 accessesare writes,
of which 37o/oare of byte or word size. Using the above
data, Table II shows the possible average accesstimes for
the Model 320.
From these average access times and using an I-cache
hit rate of 6+%, we can calculate the MIPS value using the
following equation:3
MIPS :

1.08(clock frequency) x

[(averageclock pulses/instruction) r
(average bus cycles/instructionJ x
((AAT/clock period)-2))l

'

None

540

8K
1127

16K

16K

32K

452

392

362

348

/D.l

structions-per-second (MIPS) metric. To calculate a MIPS
value for the various implementations, the average access
time of the processor must be calculated. This accesstrme
is defined as the average interval from when the address
is valid to when the data is sampled. This time is based
on the minimum accesstime of the processor degraded by
the access time to memory or cache. For the cache-based
Model 320, the average access time can be calculated as
follows:
AAT :

C a c h es i z e :
Setsize:

(2)

where the averageclock pulses per instruction is 7.159 and
the average bus cycles per instruction is 1.201. Table III
shows the MIPS value for the system configurations
specified above for a 16.67-MHz 68020 processor, using
equation 2 and values from Table II for averageaccesstime.
Table IV compares measured 68020 performance with
that of an B-MHz 68000 system with one wait state and an
B-MHz 68010 system with 1.5 wait states (0.5 wait state
for the MMU), all running identical benchmarks. The 68000

benchmarks were run in Pascal on the Pascal Workstation.
The 68010 benchmarks were run using C and Fortran on
HP-UX. All benchmarks shown use 32-bit integers and 64bit real numbers.
In choosing benchmarks to compare processor performance, computation-bound programs are preferable since
I/O throughput tends to be disc, not processor, dependent.
The integer benchmarks (Sieve,Acker, Ptzzle, and Search)
were collected by the University of California at Berkeleya
and results have been published for several systems.sThe
UNIX benchmarks were published in BYTE6 and the results
are in real times rather than clock cycles. B1D is a standard
Whetstone floating-point benchmark (10 million executions) and LFP is a very large,computation-bound, floatingpoint-intensive program.
The performance of an B-MHz 68000 system with one
wait state or an B-MHz 68010 system with 1.5 wait states
is about 0.5 MIPS. The calculated MIPS value for the Model
320 system is 1.5, which is about three times faster than
the 68000/10 systems. From the benchmark comparisons,
the measured average relative performance increase is 3.5
(Table V). Note that for the small integer benchmarks, the
68020 has higher performance than typically seen,because
the program is loaded entirely into the internal and external
caches.
As always, the choice of benchmarks can dictate how
well a system fares compared to other systems. The intention of the benchmark data presented here is not to characterize the performance of the Model 320 system, but to
correlate the theoretical results with the results from an
actual system.
68020/68881 Qualif ication
To qualify a new system requires many forms of testing.
This testing becomes more complicated if a new Irrocessor
is being used. Not only must the system be proved reliable,
but it also must be shown that the new processor executes
correctly.
For the Series 300 project, we spent considerable time
checking the 68020/6BBB1processorsfor correct operation.
We also spent many months doing stress/life (strife) testing,
and RAM/DMA tests. These tests were in addition to the
standard HP Class B environmental tests.
Table lll
16.67-MHz
68020MIPSValues
Cache size:
Setsize:

None

0.80

8K
7721
1.30

16K

16K

32K

"r.43

1 . 50

1.54
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Table lV
BenchmarkExecutionTime (milliseconds)
Benchmark
Name
Sieve
Acker
Puzzle
Search
B1D
Pipes
SCall
FCall
Loop
B1D Fortran
LFP Fortran

Operating
System

Pascal
Pascal
Pascal
Pascal
Pascal
HP-UX
HP-UX
HP-UX
HP-UX
HP-UX
HP-UX

16-MHz68020
and68881

B-MHz
68000/10

16-MHz
68020

67S
5660
23,41.O
3.4
376,480
9000
L1 , 9 0 0
13 0 0
1 1, 5 0 0
413,500
2,07S,600

158
1730
5450
0.8
105,000
4200
4700
400
2700
113,500
732,gOO

14,700

14,500
345,600

To qualify the 68020, it was necessary to prove that the
68010 portion of the 68020 was correct before the new
instructions and addressing modes could be checked. We
used the test code and operating systems available for the
Series 200, making only changes required for operation.
Once the test code, BASIC system, and Pascal Workstation
were operating, the HP-UX operating system was modified
to run on the Series 300.
HP-UX tests not only instruction integrity, but also the
virtual capability of the processor (i.e., instruction continuation). Any problems found were immediately verified
with Motorola so that the problem could be fixed on the
next revision of the part. During this testing, the new 68020
instructions and addressing modes were added to the test
code and the operating systems were compiled with the
newer 68020 compilers. After this process was repeated a
few times, a 68020 was available for customer shipments
that correctly ran all the Series 300 operating systems and
had no known problems that could affect operation.
To help Motorola increase the speed and reliability of
the 68020, we also did margin testing for each new mask
revision. This testing consisted of low-voltage, high-tem-

perature, and high-frequency tests. The frequency would
be increased until the part failed. The failure was then
analyzed and reported to Motorola. Using this process, we
were able to attain 68020 parts capable of full 16-MHz
operation much sooner. This same process was used to
qualify the 68881. However, all new code had to be written
since it was an entirely new part.
Strife and RAM/DMA Testing
Strife testing consists of temperature cycling, power cycling, and vibration testing. The units are placed in a
chamber that is cycled from -30o to 65'C. These are eighthour cycles with three hours at both high and low temperature. During the temperature cycle, the power to the unit
is cycled at various times to ensure the maximum temperature swing in the unit. When power is applied to the unit,
a self-test program is executed that reports failures to a
monitoring system outside the chamber. In addition to temperature cycling, the units are vibrated at 2g random acceleration for 10 minutes every few days.
Strife testing was initiated on the first 16 prototype units.
These units were tested for over B0 cycles. When a failure
occurred, the testing was terminated until the failure was
analyzed and a fix was implemented on all the units. After
the B0 cycles were completed, the first 16 production units
were tested for 30 temperature cycles with no repeated
problems. Naturally, any new failures found in the second
strife test were analyzed and promptly corrected.
In addition to strife testing, the integrity of the Series
300 was verified using both long-term RAM error-rate tests
and DMA tests. The RAM tests consist of various fill patterns and checking. The DMA tests use two HP-IB cards
connected together and various test patterns are transferred
back and forth from memory.
These tests were run on the strife units when the testing
was on hold or completed. We tested the units at -25"C,
room temperature, and 65'C. A total of 35,000 system hours
of RAM/DMA tests were run with the failure rate in the
range expected for soft RAM errors and no other significant
failures were observed.
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CustomVLSI Circuitsfor Series300
Graphics
by James A. Brokish, David J. Hodge, and Richard E. Warner

HE DESIGNOF THE DISPLAY SUBSYSTEMfOTthE
modular HP 9000Series300 Computerswas driven
by the need for new levels of performanceand flexibility. The overall design approach for this new family of
workstations dictated that the display subsystem not only
support both monochrome and color monitors, but also
support both medium-resolution (512x390 pixels) and
high-resolution (1024x768 pixels) displays. Another goal
was to make the medium-resolution monochrome systern
as inexpensive as possible. Compatibility, both within the
new family and with the earlier Series 200 products, is
important. It was necessaryto reduce the component count
to improve reliability and make the single-board 68010
processor subsystem possible. To achieve these goals, rve
decided to implement a bit-mapped system with a custom
display controller chip. A second custom chip provides
the color map and video digital-to-analog converter (DAC)
functions.
A bit-mapped system displays alpha characters on the
screen using only graphics display techniques. This is less
expensive and much more versatile than the traditional
approach of having separatehardware for text and graphics
images. Having every pixel on the display directly accessible by the CPU gives the ability to mix text and line drawings on the same screen, and to have multiple character

fonts of different sizes and shapes. It also provides the
raster support needed by window-oriented human interface programs.
The color display subsystem block diagram in Fig. 1
shows the architecture of the Series 300 display subsystems. The CPU address and data buses are tied to each
display controller chip, which in turn moves data to and
from the frame buffers, The frame buffer looks like a section
of memory to the CPU, where each byte corresponds to a
single pixel on the screen. This architecture allows displays
from one plane up to eight planes (current implementations
provide four or six planes). In a monochrome display only
one bit of the pixel byte is relevant and a typical color
display has four planes. In color displays, the parallel video
from the display controller chips is run to the color map/
video DAC chip. The function of the color map/video DAC
chip is to map the data from the frame buffers into a specific
color on the screen. The display ROM serves two purposes.
First, it supplies display characteristics such as initialization constants and the number of display planes to the
system software. Second, it supplies default characterfonts
appropriate for the display.

DisplayControllerChip
The display controller chip is a custom integrated circuit
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Fig,'1. Block diagram of color dlsp/aysubsystemfor the HP 9000 Serles300 Computers.
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built with HP's NMOS-IIIB process technology' It provides
CRT control, frame buffer management, cursor, and bit-BLT
(bit block transfer) functions for a bit-mapped display. A
single display controller chip can control a monochrome
display and multiple chips can be used for color displays.
Each of the display controller chips has two ports to the
processor data bus. The first is a typical 16-bit-word data
port used for most register accesses.The second is a z-bit
port called the pixel port (see the P0 and Pl pins in Fig.
1). Each display controller's pixel port is tied to two different I/O lines on the processor data bus for sensing and
control. This configuration allows the Series 300 system
processor to read or write two pixels to up to eight planes
with only one access. For writes to the frame buffer, each
controller has a pixel logic section to perform logical operations with the incoming data and the existing data in the
frame buffer. Random pixels can be written to the display
at 0.5 megapixels/s. Pixels written in address order will
approach a rate of 2 megapixels/s.
Each display controller chip controls its own frame buffer
independently, but in synchronization with the other controller chips. Accesses to the frame buffer consist of two
interleaved cycles. The first cycle is a read that is used
to refresh the display. The data from the read goes to an
internal video shift register which sends video to the color
map/video DAC chip. All other accessesto the frame buffer
occur during the second cycle. Although a new generation
of RAMs gets around this interleaving by integrating the
shift register into the RAM, they were not used in this
design, primarily because of cost.
The pixel port also serves as a port to single-bit registers
inside each display controller chip. This allows the system
processor to read or write the same single-bit register of
each controller chip in only one access.One of the single-bit
registers in the controller chip is the frame buffer write
enable bit. To write pixel values only to certain planes, we
set the frame buffer write enable bit only on those planes.
Since the word-wide controller chip registers are at the
same address for all controllers, we needed a way to determine which controller accepts and/or drives the data on
the data bus. To write to the word-wide registers only on
certain planes, we set the register write enable bit on those
planes. This provides the software a very powerful feature
that allows different controller chips to perform different
functions at the same time. For example, two different window moves can take place on two different planes at the
same time.
On a word register read, only one display controller chip
should be allowed to drive the 16 bits of the data bus since
the same registers in different controllers may have different data. This is accomplished using the register read enable bit. The software sets only one of the the read enable
registers to drive the bus. If the software attempts to enable
more than one controller for 16-bit reads, a population
detect circuit in each controller sensesthat more than one
of the bi.ts on the data bus is high. This error condition is
resolved by returning all controllers to their previous state.
A potential problem with bit-mapped systems is slow
character scroll speed. A hardware bit-BLT was implemented to correct this problem. A specified portion of
the display is copied to another location on the screen.
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The bit-BLT feature is useful not only for scrolling up large
sections of the screen, but also for adding new characters
to the screen. This is accomplished by storing the character
font in the areas of the frame buffer not displayed on the
screen. The characters are then quickly moved from the
off-screen memory to the displayed memory. The bit-BLT
feature also acts as a powerful graphics primitive, which
can be useful for area fill, line drawing, icon and cursor
tracking, and animation.
Word-wide registers inside the controller chips are set
up with the source window address, destination window
address, window height, and window width. We then write
to a window move enable register through the pixel ports
to begin the window move on the selected planes. The data
moved into the destination window is a function of the
replacement rule that specifies a Boolean logical function
between the source and destination windows. The replacement rule can be source only, NOT source, NOT destination,
source XoR destination, or another Boolean operation. The
completion of a window move is flagged by a DONEbit or
by an interrupt to the system processor. The controller chip
performs window moves at 30 megapixels/s'
A hardware cursor is supported by the display controller
chip. The software sets up the position and length of the
cursor in selected registers of the controller. Correct substitution of the cursor for the normal video at the rate at
which the video leaves the controller is a difficult problem.
To work around this problem, the frame buffer data on
each side of the cursor is prefetched during vertical retrace.
Operations are then performed to combine the cursor with
the prefetched data. When the time comes to shift out the
cursor, the manipulated data is substituted for the normal
data from the first half of the interleaved cycle.
The display controller chip also provides the signals for
CRT control. Horizontal and vertical sync signals and a

Fig.2. Photographof custom display controllerchip

composite blanking signal can be programmed to drive
virtually any monitor.

DisplayControllerArchitecture
A photograph
of the displaycontrollerchip is shownin
Fig. 2. The key components are a 16-bit address stack, a
32-bit data stack, the main PLA (programmable logic array),
and the test PLA. The 16-bit address stack is used to calculate the addresses for frame buffer reads and writes. It also
contains the majority of the registers directly accessible by
the system processor.
The 3z-bit data stack primarily contains data going to or
coming from the frame buffer. The display refresh cycle
described above dumps the data into a shift register on the
data manipulation stack. A cyclic redundancy check (CRC)
register on this stack performs a CRC on the video data as
it is loaded into the shift register. This register can be read
by the system processor to give very high confidence that
the display subsystem is functioning properly. Also in the
data stack are a 32-bit barrel shifter and a logic unit used
for window move operations.
The main PLA is the largest section of the chip and
controls all normal operation of the display controller chip.
The test PLA and diagnostic interface port allow a chip
tester to halt and single-step the chip operations. They also
allow the tester to preset the chip to a certain state.
Color Map and Video DAC
The color map/video DAC chip is fabricated using HP's
NMOS-IIIA process technology. It combines a 256-entry
color map and three eight-bit DACs onto a single integrated
circuit. It can drive a 1,O24x768-pixel,60-Hz display with
video data at approximately 64 MHz. Its RAM can supply
data at rates up to eight times faster than conventional
NMOS-III RAM designs. The keys to this eight-fold increase
in speed are the chip architecture and RAM design.
The chip contains five major functional blocks: the processor interface and control, the video data pipeline, the
RAM, the DACs, and the test logic. The processor interface
allows the system processor to read and write the color
map RAM, inquire about chip and display status, and perform signature analysis on a variety of signals within the
chip. The chip provides a set of registers that are mapped
into the processor's memory address space. The two basic
types of operations are register accesses,which allow the
system processor to read and write the address and data
registers within the chip, and control accesses,which cause
the chip to perform an internal operation such as reading
or writing the RAM. The control accesses are the same as
register writes from the point of view of the system processor, except that the data has no significance. The status
register can be read to provide information about the internal state of the chip. It has bits that indicate the current
states of several display timing signals and whether the
RAM is busy performing a read or write operation.
Video data is supplied to the chip four pixels at a time.
This simplifies the display subsystem by reducing the external clock rate. The chip has 32 video data pads, so each
of the four pixels can have up to eight bits. Video data from
the pads is routed (at approximately 16 MHz in high-resolution systems) to the input multiplexing and masking

logic. First, the video data is split into two data streams of
two pixels each. One stream consists of the first and third
(odd) pixels, and the other the second and fourth (even)
pixels. The multiplexing logic then alternately selects the
pixels in each data stream and passes them to the masking
logic. This logic provides a programmable mask that can
be used to select which of the eight bits per pixel are routed
to the color map RAM. For displays with fewer than eight
planes, this feature is used to mask ofl the data bits for
planes that are not present. It can also be used to disable
the display of selected frame buffer memory planes. At this
point, there are two data paths, each passing video data at
approximately 32 MHz to separate RAMs.
The chip contains two identical 216x?4-bit" dynamic
RAMs, one for the even pixels (see Fig. 4) and one for the
odd pixels. This effectively doubles the RAM bandwidth.
The RAM structure and cells are based on the four-transistor NMOS-III RAM described by I.W. Wheeler, et al.r The
RAM arrays are ananged as 32 rows by B columns for each
of the 24 bits. The basic clock rate of the color map RAM
is approximately twice that of the RAM described by
Wheeler for the HP 9000 Series 500 Computers (JZ MHz
versus 18 MHz), which again doubles the effective RAM
bandwidth.
The operation of the color map RAM is very similar to
the operation of the memory array of the Series 500 RAM.
The basic memory cycle is four clock phases (two clock
cycles). The first phase precharges the RAM array and the
sense amplifier. During the second phase the row and column selects are driven and the cell data is driven to the
sense amplifier. During the third phase the sense amplifier
is disconnected from the array and allowed to stabilize,
and during the fourth phase the output data is driven from
the sense amplifier. To increase the bandwidth, two sense
amplifiers are used, and the RAM cycle is pipelined so
(continuedon page 21)

Fig.3. Photographof the color maplvrdeoDAC chip
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Display Custom IC Design Methodology
price/
The displaylogicsubsystemwas targetedfor significant
performanceimprovements
early in the definitionof the Series
300 workstations.PreviousHP workstationsused two printed
implementthedisplay
circuitboardswithover200componentsto
logic.Earlyestimateswerethata customdisplaycontrollerchip
could providethe equivalentlogicwithlessthan20 components
for one quartero1the cost,whilealsoreducingpowerconsumption and improvingreliability.
The architectureof the display controllerchip dictated the
designof severalspeciallogiccircuits.Thesecircuitsincludea
for greatera comparator
logicunit,an adder,a bitf ieldextracter,
than-orequal,and a videoshiftregister.Thehigh-speedrequirementsfor thesecircuitsled to the selectionof HP'scustomVLSI
NMOS-Illprocess.t'''"The design methodologyused was an
enhancedversionof that used for the design of the NMOS-lll
lCs for the HP 9000Series500 Computers.The toolsusedfeature
designand layout,and run on HP 9000 Series200
hierarchical
and Series500 workstationswith HP'sSharedResourceManagement(SRM)system.The methodologywas developedto produce
fully functionalparts on the first pass, a goal that was achieved
for the displaycontrollerchip.
A majorfeatureof the design methodologyis a transistor-level
wasusedto verifythef unctionality
whlchultimately
logicsimulator
and sequencingwere
oJthe entirechip. Properlogicfunctioning
level.The
verifiedwiththe entirechip describedat the transistor
as unidirectional
thetranststors
simulator.
calledLlSlM.simulates
and bidlrectional
switches.LISIMusestwo states(zeroand one)
and 63 strengthsto resolveconflicts between multiple driving
lt solvesthechargesharingproblemon circuitsd rlven
transistors.
by precharged buses by assuming that, when the strength is
zero (no activedrivers),oneshavea higherstrengththanzeros,
This resultsfrom our methodologyin which zeros are always
activelydrivenwhile buses may be prechargedto one and allowedto f loat.LISIMwas ableto simulatethe entire77,000{ransistor design on a Model 236CU Pascal workstationwith two
megabytesof memoryat 19 seconds per input vector.
simulatorallowedthe designteam
The LISIMtransistor-level
to go directly from an algorithmicdesign to transistor-level
schematics(forthosecells not alreadyin the NMOS-Illlibrary),
bypassingthe need to create and verify a logic-gate-leveldescription. LISIM also made it possible to use the test vectors
developedduringlogicaldesignon the netlistthatwas extracted
directlyfrom the physicalartwork.
The sequencingand logic operationof the displaycontroller
chip are controlledby a programmablelogic array (PLA).The
program.This programwas
PLA was specifiedin a Pascal-like
then compiledusinga programcalledQuickPLAthat produced
optimizedlogic equations.These PLA equations,along with test
vectors,were used to simulatethe logicaloperationof the chip.
Theywere also used,alongwith a signalorder list,as inputfor
the PLA modulegenerator.This programgeneratedoptimized
artworkdirectlyfrom logic equationsin approximatelytwo hours.
were reSeveraliterations,includingwhole chip simulations,
ouired beforethe final PLAartworkwas produced.Nevertheless,
severalmonthswere saved by using the PLA generator.
The remainderof the chip is partitionedinto blocks that the
PLA controls.These blocks were designedusing an in-house
schematiccapturepackagecalledSCIP.Besideschematiccapture, SCIPfeaturesa schematicevaluatorthat outputsa FETlist
and a netlist,which it formatsfor both the HP Spice analogcircuit
simulatorand for the LISIMdigitallogic simulator.Once each
block'slogicdesignfunctionedcorrectlywithinthe chip simulation,the transistorsizeswere chosenfor speed,zero level,and

1986
JoURNAL SEPTFI\,4BER
20 HEWLETT-PACKARD

powerand then simulatedusing HP Spice.
Oncethe logicdesignwas done,the physicaldesign(artwork)
cellsand FET
was next.Thiswas simplifiedby usingstretchable
primitives.
Afterthe initiallayoutwas done,the artworkwas subartworksystemfordesignrulechecking,
mittedto the hierarchical
Encapsuand encapsulation.
netlistand componentevaluation,
lationhidesdesigndetailsnot relevantto higherlevelblocks,so
the designersees the encapsulatedblock as simplyan outline
with bristlesfor its ports. This makes higher-levelcomposition,
a muchfasterprocess
designrulechecking,and encapsulalion
sincethedesignrulesneedonlybe checkedat blockboundaries.
The chip floor plan was manuallygenerated,taking into accountoptimalpad positionsfor signalsas wellas multiplepower
and ground pads. The clock and test pads were constrainedby
the methodologyto occupy standardpad positionsto ease tesf
ing.The powersupplyroutingwas modeledwithcurrentsources
and resistorsrepresentingthe current drawn by the cells and
the size of the metal power lines routedbetweenthem.Thenthe
routingmodelwas simulatedusing HP Spice.The PLA and the
routing channels between it and the registerstacks on either
side were automaticallygeneratedwithin the form lactor constraintsof the floor plan. While the PLA routingwas not 100o/o
complete,therouterdid saveus manyhoursof manualediting.
language
netlistsdescribedby a blockdescription
Hierachical
weregeneratedfrom both schematicsand artwork.Thesenetlists
were automaticallycompared at each level of the hierarchy.
Thesecomparisonswere sufficientto find all errorsin intercell
and FETsizeswithinmanually
logicimplementation,
connections,
generatedcells. Someof the cells with automaticallygenerated
artwork (such as the PLA) created slmpliliednetlistsfor initial
functionalsimulationthat did not exactly match the extracted
artwork.Thesecells were, however,verifiedby the final LISIM
usingthe actualartwork.
simulation
The LISIMsimulatorwas rerunto verifythe toolsiust before
mask releaseon the netlistextractedfrom the artwork.In future
designsthis step could be omittedsince all of the artworkhas
with the corresponding
alreadybeen comparedautomatically
logicalschematic.
The customSeries300 displaycontrollerchip does not use
specialcircuitryfortestingitsdatapathcells.Allcellswithaccess
to the maindata busesare loadedfromand dumpedto a scannable registerin the test sectionof the chip. The inputsand
outputs of the PLA are made scannableso that the PLA itself
can be testedand can controlall of the registerload and dump
signals.This allowscontroland observationof the entiredata
pathwithoutadditionalcircuitry.The padswerealsomadescannable so they can be completelytested from the serialtest port
withoutrequiringan expensivehigh-speedtester.The pad scan
path also made it possibleto test the first-passchips with the
This was acsame vectorsused duringthe designsimulation.
complishedby scanningthem into the pads seriallyand then
the chip.
single-stepping
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that during phase three, the array is again precharged to
begin another RAM cycle using the second sense amplifier.
Since screen refresh is performed continuously, this allows
the RAM to provide a new data word each clock cycle (32
MHz). This increases RAM bandwidth by an additional
factor of two, so the total color map RAM throughput is
approximately eight times the throughput of the Series 500
RAM.
The outputs of the even and odd RAMs are alternately
selected and routed to the DACs. The RAMs also have
refresh counters and control logic. Refresh occurs automatically during retrace when no video is being generated.
When the processor performs a read or write access on the
color map, the address and data are Iatched until the next
retrace, when the cycle is performed. Since an access can
occur during each horizontal retrace,it is possible to update
the entire color map in one screen refresh period.
'fhe
24 bits of RAM output are distributed to three DACs
in the Series 300. One DAC is used for each of the primary
colors (red, green, and blue). Each DAC has eight bits of
resolution, so the display has 16 million possible displayable colors. Each DAC has 255 current-steering transistor
pairs for driving the video levels and 28 pairs for driving
the blank level. The transistor pairs are built up in slices
of eight for a single input bit, and the slices are combined
into a stack with the slices ananged so that the transistor
pairs for the higher-order bits are distributed within the
array to minimize the effects of process variations. Reference current generators are distributed through the DAC
array. The generators are calibrated by an external reference
current supplied to the chip.
The chip DAC outputs are guaranteed to be monotonic,
which means that for any two input values, the output
current for the larger input will not be less than the current
for the smaller input value. The linearity specification for
each of the DACs requires the output current for a given

input value to be within +2.5o/o of the ideal current for
that value. Tracking measures the difference between the
output currents of two different DACs on the same chip
when both have the same input, and is specified to be
+3.5% for any two DACs on the same chip.
Testing can be a problem for VLSI circuits, so the color
map/video DAC chip incorporates some additional features
to provide testability. One is a signature analysis capability
with an input multiplexer that allows signatures to be taken
on a number of different internal signals. The signals that
can be tested include all of the input data bits and all of
the RAM output bits. The input data bit signature can be
used to verify correct operation of the input data path from
the input pads through the mask and multiplexing logic,
as well as the integrity of the data stream from the frame
buffer. The RAM output signatures can be used to test each
individual bit of the RAM.
The color map/video DAC chip also incorporates a serial
diagnostic port similar to the one used in the custom CPU
for the HP 9000 Series 500 Computers,2 but uses only four
pads on the chip (input data, output data, enable, and data
strobe). This version of the diagnostic interface port was
designed for the color map/video DAC chip and the same
design and its descendants have been used in a number of
other HP chips, including the display controller chip. The
diagnostic interface port can be used to scan values into
any of the internal I/O registers, and to execute commands
that simulate all the normal chip functions and several
purely diagnostic functions.
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SoftwareGompatibilityfor Series200and
Series300Computers
obsfac/esexistfortheSeries200userwho
Severa/software
wantstomovetoHP'snewfamilyofmodularworkstations,
the HP 9000Series300.Thisarticleidentifiesfhese
obsfac/esand describesfhe featuresof BASIC4.0 (the
/afestreleaseof HP'senhancedversionof the 8AS/C
languagesyslem)designedto overcomethem.
by RosemariePalombo
RESERVINGTHEIR INVESTMENT in software is a
primary concern of most computer users.They also
want the flexibility to migrate to new more powerful
computer systems and take their software with them. As
the installed baseof HP 9000 users grows, it is imperative
that these needsbe addressed.
Our main compatibility goal is to preservethe software
investment of our customersby giving them the ability to
run their existing software,without change,on state-of-theart hardware.In addition, compatibility should be achieved
without giving up any of the functionality of the new computer systemand should extend throughout the entire family of workstations.
Hardware Differences
The Series300 family of computersdiffers from its predecessor,the Series200 family, primarily becausethe opportunity was taken during the developmentof the Series
300 to incorporate new technology into the existing line
of HP 9000 Computers.The new hardware designresulted
in somedifferencesin machine characteristicsbetweenthe
two families of workstations.These differencesare:
r Series 300 displays have bit-mapped planes with combined alpha and graphics. The Series 200 family has
separatealpha and graphics planes.
r Some Series 200 alphanumeric highlights are missing
from Series300 displays.Goneareblinking mode (except
for the alpha cursor) and half-bright intensity.
I The new Series300displayshavedifferent graphicsresolutions. For example, on a Series 300, medium-resolution graphics displays have 512 horizontal by 400 vertical graphics pixels, whereas many of the Series 200
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graphicsdisplayshavea resolutionof SrZ by a9Opixels.
r The new Series 300 displays have different alphanumeric and graphics hardware addresses.
r The Series 300 color map is different from that of the
earlier Model 236C Computer, in that the Series 300
color map is used for alpha as well as graphics.
I Series 300 computers do not have a built-in ID PROM
for software security. However, an equivalent feature is
provided by an optional HP-HIL device-the HP 46084A
ID Module (seearticle on page 4).
I Two new processorboards are availablewith the Series
300. One contains a 10-MHz, 32-bit MC68010microprocessorand the other,a high-performanceboard, contains
a 16-MHz, 32-bit MC6B020microprocessorwith a new
internal instruction cache.a different on-boardexternal
cachememory, and an MCGBBBlfloating-point arithmetic coprocessor.This difference doesn't affect software
portability, but somechangesmay be required to achieve
specific performancegoals.
I The serial RS-232-CN.24IlOinterface on the Series300
differs from the serial I/O interfaces of the Series 200
Computers in that the Series 300 interface has no
hardware configuration switches.
I The HP-HIL keyboarddiffers from Series200 keyboards,
except for the Model 277 and Model 237 Computers.
BASIC Language
The Series200 BASIC Languagesystem was first introduced in 1981 concurrently with the HP 9826 Computer.
It is a languagewell-suited for a wide rangeof instrument
control applications, computer-aided design needs, and
general computation.

Series 200 BASIC gained popularity for many reasons.
Among them are its enhanced I/O capabilities, easy-to-use
program development environment, structured programming features, and interactive, friendly human interface
complete with knob (rotary pulse generator), softkeys, and
softkey labels.
HP has continually added BASIC support for new members of the Series 200 family. HP's version of BASIC has
been revised several times to support new hardware and
provide additional software capabilities. In every case,support of older hardware was retained. Eventually, the gap
created by the dissimilar hardware systems had widened
enough (becauseof new state-of-the-arttechnology) to warrant the development of an entirely new family of HP 9000
Computers - the Series 300. Maintaining software compatibility presented a challenge for the developers of BASIC
4.0. This latest release of BASIC provides support for this
new family of HP 9000 Computers and adds several new
human interface capabilities, some designed especially
with software compatibility as their goal.
Display
One area of change imposed by the Series 300 is the
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display technology. The integrated alpha and graphics displays of the Series 300 are produced by bit-mapping
hardware and normally cannot be independently toggled.
The Series 200 implementations have separate graphics
and alpha screens where the graphics screen is bit-mapped
and the alpha screen is produced by character-generation
hardware. This makes it possible to turn the Series 200
alpha and graphics screens off and on independently. For
many Series 200 users, the use of the separate ALPHAand
GRAPHICS
commands to turn the alpha or graphics displays
on or off are fundamentally natural acts. A solution was
needed that would allow Series 200 BASIC software that
uses these featuresto run on the new Series 300 hardware.
One response to this need is the HP 98546A Display
Compatibility Interface. This display interface provides
Series 300 users with the separatealpha and graphics capability of Series 200 computers (except the Model 237, which
has a bit-mapped display like the Series 300). The design
of the HP 985464 is similar to that of the HP 982048 video
board set for the Model 217 Computer, with the addition
of an electronic video switch to allow switching between
this Series 300 video board and perhaps another Series 300
video board. The switch is controlled bv a resister on the
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Fig. 1. The HP 982038 (top) and HP 460204 (HP'HIL,bottom)keyboardlayouts
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board and can be activated by a software write. This will
shut down the current signal to the monitor and switch to
the other video signal. The HP 98546A has the same alphanumeric and graphics characteristics as the HP 982048.
Therefore, any Series 200 program that is display-compatible with the HP 982048 will run on a Series 300 with the
HP 98546A Interface and an appropriate monitor.
Any Series 300 Computer can be configured with the HP
98546A Interface. It can be the only video board present
or it can be used in coniunction with any other Series 300
video board, medium- or high-resolution, monochrome or
color. In the case where the Series 300 Computer contains
both the HP 98546A and a high-resolution video board,
two separate monitors are required. Use of the HP 985464
does not restrict the functionality of the Series 300 in any
way, nor does it require any program changes. A limitation
of this solution is that the HP 98546A only drives a monochrome display.
BASIC 4.0 supports the HP 985464 Interface and provides an easy way to select display boards whenever the
HP 985464 and a Series 300 bit-mapped display board are
present. The execution of a single CONTROL statement
selects the specified display. The BASIC 4.0 system performs all the tasks required to switch displays and initialize
alpha and graphics on the new display to the power-on
defaults.
Some members of the BASIC 4.0 development team investigated another solution to the display compatibility
problem. Was there any way that separate alpha and graphics could be provided on bit-mapped hardware by the system software itself? If so, this would eliminate the need
for an HP 985464 Interface. The answer is that in some cases
it is possible to simulate this behavior. Thus, another compatibility alternative for applications software that depends
on the ability to manipulate separate alpha and graphics
planes evolved and was designed into BASIC 4.0.
With multiplane displays it is possible to designate some
planes for alpha and the remaining planes for graphics and
subsequently perform alpha-only or graphics-only operations. The display controllers of the Series 300 color video
boards allow selective plane read/write enable. There are
plane control registers in which each bit controls its respective plane. By enabling and disabling planes properly, the

functionality of separate alpha and graphics planes can be
emulated.
Using this information, the BASIC 4.0 team decided to
add a new feature that provides the ability to specify which
planes to write-enable for alpha and which planes to writeenable for graphics. The graphics write-enable mask, accessed through the GESCAPEstatement, indicates the frame
buffer planes to be written to by graphics operations, and
a CoNTBOLstatement is used to designate the alpha planes
(set the alpha write-enable mask).
With a four-plane color display we can designate planes
1., 2, and 3 for graphics and plane 4 for alpha. This provides
only eight pure graphics colors, instead of 16, and a single
alpha color. Restricting the number of planes that are writeenabled for alpha or graphics to less than the total number
available will also restrict the number of color map pens
available for use.
On bit-mapped color display hardware, this emulation
gives many of the capabilities of a separate alpha and
graphics system, including:
r Turning alpha and graphics off and on independently
r Dumping graphics without embedded alpha
r Independent scrolling of alpha and graphics.
This compatibility solution requires no source program
changes since the appropriate masks can be set by a short
configuration program.

Keyboard
When the Model 217 and Model 237 Computerswere
introduced. so was a new human interface, the HP-HIL
(Hewlett-PackardHuman InterfaceLoop), which included
a new keyboard.This keyboard is used by the Series 300
and is different from the HP 98203A/Bkeyboardsused by
earlier Series200 machines.The malor differencesbetween
the HP 98203A/Bkeyboardsand the HP-HIL keyboardare
the number and layout of user and system function keys
and the location of the rotary control knob. The numberand
size of the screenlabels for typing aids are also different.
The HP-HIL keyboard has eight physical user function
keys, labeled fl through f8, while the HP 982038 keyboard
has ten such keys,labeledk0through xgand the HP 982034
keyboardhas only five function keys (seeFig. 1). Although
the HP-HIL keyboard has fewer physical function keys, it
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Fig.2. The HP-HIL systemmenu
of keys (top) and default typingaid labels (bottom).

has more functionality than the HP 982038 keyboard. This
is because BASIC 4.0 and BASIC 3.0 provide one menu of
system keys and three menus of user definitions for the
eight physical function keys, giving 24 user-definable keys
compared to 20 such keys on the HP 982038.
There are several keys on the HP 982038 keyboards, such
as STEPand CONTINUE,that are not among the keycap labels
of HP-HIL keyboards. These functions no longer have dedicated keys, but BASIC 4.0 makes these functions available
in the system menu at all times (see Fig. 2). Other system
key functions, such as ALPHA and ReCRut, are available
is also availthrough dedicated but unlabeled keys (RECA.LL
able in the system menu). A keyboard overlay was designed
for BASIC users with HP-HIL keyboards to identify unIabeled keys, system menu keys, and some details of the
HP 982038 keyboard compatibility mode (see Fie. 3).
A keyboard compatibility mode for BASIC 4.0 emulates
some of the missing features of the HP 982038 keyboard
when using an HP-HIL keyboard. This mode provides a
convenient way of porting Series 200 programs to Series
300 machines without modifying the source program. In
particular, it was designed to provide compatibility for
Series 200 programs that were written for ten user function
keys and their corresponding keylabel display. When a
nonzero value is written to keyboard control register 15,
keyboard compatibility mode is enabled. The HP-HIL function key row now acts as HP 982038 keys k0 through ks
with the HP-HIL Menu key acting as k4 and the HP-HIL
System key acting as k5. Similarly, the HP 982038 softkeys
k10 through k19 are accessedby pressing the HP-HIL Shift
key with the appropriate redefined function key. In this
mode there is one row of keylabels for the display. Each
label can contain a maximum of 14 characters and is formatted into two rows of seven characters each. If a label contains more than seven characters, it is wrapped around to
the second row of characters (see Fig. 4). This softkey label
format was chosen because it corresponds closely to the
function key layout on the HP-HIL keyboard and it was
the first choice of our human factors consultant, Iab engineers, and customers who used it during development.
To emulate the HP 982038 keyboard and its softkey behavior fully, only three statements need to be executed to
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configure the keyboard and keylabel display. In this mode,
the HP-HIL system menu of functions is available when
the System key is pressed along with the Extend char key.
This is documented on the new keyboard overlay.
However, keyboard compatibility mode is not as effective
as we would like because:
r Displayed keylabels may be different since the length
and format of the labels are not strictly identical to the
HP 982038 version.
r Certain keycodes are not available on an HP-HIL
keyboard, and therefore the corresponding keystrokes
cannot be trapped.
r The HP 982038 system keys (for example, RUN)require
two HP-HIL keystrokes, that is, Extend char with one of
the function keys.
r The rotary control knob is not on the HP-HIL keyboard.
However, it is available as a separate input device, the
HP 46083A HP-HIL Knob.
Serial Interfaces
Another problem exists because the Series 300 features
a built-in RS-232-CN.24 serial interface that differs slightly
from some of its Series 200 counterparts. Since the goal
was to provide a low-cost interface in the Series 300, there
are no hardware configuration switches for select code,
interrupt level, baud rate, and line control parameters. If
a Series 200 program depends on serial interface configurations as set by hardware switches, some software configuration is required to run the program on a Series 300.
To work around this difference, BASIC 4.0 sets default
values for the baud rate and line control parameters and
allows the user to change these defaults, thereby emulating
the hardware switches. The select code and interrupt level
are hard-wired to specific values and cannot be software
controlled. During power-up, the BASIC 4.0 system sets
defaults for these values. If a program expects values other
than the defaults, they can be set by keyboard execution,
a short configuration program, or the AUTOSTroutine by
writing to the appropriate control registers (13 and 14).
Only the cycling of power or writing specifically to these
registers will change these values.
This compatibility solution requires no source code
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changes. Another set of registers (3 and 4) is used to maintain the current values of these parameters, which can differ
at any time from the default values. The current values can
be changed by writing specifically to the appropriate control registers. However, if the interface is reset with a
SCRATCHA statement, the values in these registers are restored to the default values stored.

Security
Manymodelsof the Series200havea built-inID PROM,
which allows software security encoding. An equivalent
featureis provided for Series300 Computersby an optional
HP-HIL device, the HP 46084A ID Module. This security
module plugs into the HP-HIL interfacecard in every Series
300 Computer.
The ID Module returns a unique character string that
containsits product number and serialnumber in a densely
packed format. The ID Module is compatible with code
that expectsan ID PROM,but the characterstring returned
by the SYSTEM$("SERIAL
NUMBER")
function is not in the
sameform as that returned by Series200 ID PROMS.Therefore, some string manipulation is required to obtain a
human readableform. This requiresadditional statements
to be addedto any Series200 codethat readsthe ID Module
for use on the Series300. The required statementsare included in the BASIC 4.0 documentation to make this an
easytransition for users.
Limitations
As with any solution to a challengingproblem, there are
trade-offsto be made.Certainmachine characteristicswere
impossible to duplicate. These incompatibilities are confined to the following areas:
r Series200 Programsthat strictly dependon the presence
of an ID PROM will not work without some sourcecode
changes.
r BASIC 3.0X CSUBs(compiled subprograms)must be regeneratedusing the BASIC 4.0 Compiler Subprogram
Utilities and the Pascal3.0 or 3.1 languagesystem,since
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the entry points to the BASIC system have changed. This
has been true for every major revision of BASIC.
r Programs that depend on keycodes that cannot be generated by either the HP-HIL keyboard or the HP 982038
emulation mode (e.g.,the HP gB203B ED|Tand EXECUTE
keys) will require changes.
Programs that expect an I/O select code other than g, or
an interrupt level other than 5 for the built-in RS-232-C/
V.24 serial interface will require changes.
The BASIC 4.0 development team reviewed these incompatibilities and found that a hardware or operating system
solution was not feasible. The only viable solution for these
problems was to document their likelihood for occurrence
and, where appropriate, to specify the source changes required. Hence, a set of compatibility and porting documents was developed to assist customers in dealing with
compatibility issues.
I

Pascal Workstation
BASIC is not the only HP 9000 languagesystem that
incorporatedSeries200 compatibility support into its latest
release.The Series 200 PascalWorkstation had identical
overall goalsand used similar techniquesto meet the challengesof providing softwarecompatibility to its customers.
Theseinclude support of the HP 98546ADisplay Compatibility Interfacewith display selectionat boot time, software
emulation of the RS-232-CN.24hardware configuration
switches, documentation,and verification.
Pascal3.1 also provides support for the two new processor boards.Unlike BASIC,Pascalprogramsmust work with
the HP-HIL keyboard. There is no HP 982038 keyboard
emulation mode available.
Verification
If the objectiveis compatibility, then successcan be measured by determining how easyit is to run Series200 programson a Series300 Computer.Consequently,we looked
at the results of running Series200 application programs.
A suite of BASIC and Pascalapplication packageswas as-

Fig.4. The HP 982038 (top) and
HP-HILHP 982038keyboardemulation mode (bottom) displayed
kevlabel formats.

sembled and used to test the various compatibility solutions. This group of programs included Hewlett-Packard
software packagesfrom several different divisions. These
programs were augmented by the applications of thirdparty softwaredeveloperswho were interestedin observing
the performanceof their softwarerunning in compatibility
mode. The test suite was run on both the Model 310 and
the Model 320.
In addition to testing functionality, the test suite also
identified porting problems which were subsequentlyresolved by the team or documentedfor user correction.The
HP 98546A Display Compatibility Interface provided the
required functionality for all of the application programs
with which it was tested.The HP 982038 keyboardemulation mode provided compatibility for the test suite with
limitations as previously noted in the keyboard section
of this article. Testing of the separatealpha and graphics
emulation mode identified sourcecode problemsthat were
limited to inconectly specifieddevice selectorsin PLOTTER
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1S... statements. Verification of the other compatibility
features demonstrated that we had achieved the desired
functionality.
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lmplementinga WorldwideElectronicMail
System
Thispaper reportsHewlett-Packard's
experiencesin the
internalimplementation
of HP'sownelectronicmailsystem
product,HP DeskManager.
Prospectiveimplementers
of
electronicmailsystemscanusefhisinformation
toincrease
likelihood
their
of success.
Amy Tada Mueller,RobertA. Adams,Kristy Ward Swenson,and Rebecca
by Luis Hurtado-Sanchez,
A. Dahlberg
BRIEF REVIEW of the current literature on electronic mail (EM) implementation shows a scarcity
of material on this topic. In addition, many of the
existing papers focus on pilot projects, small-scale implementation of EM systems, or both. This paper will concentrate on HP's large-scale (worldwide) implementation
of its own EM system product, HP DeskManager (HP Desk),
in which the initial or pilot project is but a small component.
The EM capabilities of HP Desk are its most important
features, and this paper concentrates on their deployment
throughout the Hewlett-Packard Company. However, HP
Desk does much more than provide EM. It also provides
the user with a set of tightly integrated fundamental office
facilities. These include word processing, personal filing,
and time management.
This paper aims to do three things. First, it sketches a
generalized strategic framework for EM implementation
suitable for use by most any type of organization, manufacturing or service, private or governmental, commercial or
nonprofit. Second, within the limned framework, it provides direct and specific tactical advice to address the technical, operational, training, and support challenges that
crop up in implementing an EM system. Third, it points
out potential pitfalls and how to avoid them to ensure a
successful project.
The paper is divided into five major sections. This first
section addresses the history of messaging systems at HP
and cost justification issues. It provides a background for
understanding the development of the rest of the HP Desk
implementation strategy within HP. It also illuminates costjustifying projects, such as EM implementation, that do not
have easily quantifiable favorable financial impacts on an
organization.
The second section addresses developing and implementing a messaging strategy to cover the entire organization. It provides guidance on issues that affect the implementation of HP Desk across separate geographical entities in an organization, whether divisions or regions.
These issues include: 1) data communications and networking choices, 2) project and milestone planning, and
3) management support. The next section addresses the
interfacing of HP Desk with other EM systems and with
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diverse data communicationsnetworks. It is slightly more
technical than the preceding two.
The fourth section discussesthe types of training and
support neededacrossthe organization.Theseinclude both
user training and support (how to use the product and take
advantageof its many features) and technical training and
support for personnelin chargeof supporting the entities'
local HP Desk networks (with regard to registered user
directory updates, security guidelines, corrupt data base
recovery, etc.). The fifth section addressesthe day-to-day
running of HP Desk at a particular entity. It offersguidance
on such topics as intraentity networking, the choice between a distributed and a centralized data base,and standards and conventions to facilitate the smooth operation
of an entity's local HP Desk network.
Earlier Messaging Capabilities within HP
Before undertakingthe implementation of HP Desk on a
massivescaie,HP had a lot of experiencein implementing
and using other, much less sophisticatedmessagingsystems. Knowledge of this history facilitatesthe understanding of the background processesthat helped HP succeed
with HP Desk.
Through the late 1960s,HP used almost entirely commercial TWX networks to transmit its businessdata,including
administrative messages.Volume and cost considerations
led to HP's designing and implementing its own private
and internal (not availableto customers)data communications network in the early 1970s,using the HP 21xx line
of computers.This network, known as COMSYS/ROUTS,
also included basic messaging and distribution list
facilities, COMS89/MEMO,which were used in two major
ways. First, some individual users had direct accessto
these facilities through a direct terminal connection to the
COMSYS/ROUTScomputer.Second,almost all entities established keyboarding departments which entered messagesfrom written user copy into the computer for those
users who did not have a direct terminal connection to it.
Messagesentered into the COMSYS/ROUTSnetwork were
printed at the receiving entity and then distributed through
the mailroom. as was all outside mail.
During this time, HP personnelwere getting accustomed
to sending and receiving messagesanywhere in HP with

two to three days delivery time. Approximately 15% of the
network volume was devotedto such administrative messages(a total volume of t0.a billion characterswas transmitted through the network in 1975, 54.4 billion in 1980)'
The concept of a simplified, but not simple, messaging
systemwas born, and was well on its way to being accepted
as part of the normal way of doing business.
During the late 1970s, the HP 3000 was becoming the
main business data processing computer within HP. A
number of small projectssproutedin CorporateInformation
Systems (CIS) to investigate the feasibility of using the
company's large base of business computers to increase
productivity through office automation (OA) utilities. As
a result of the favorable results of these few first pioneer
projects, the Office Utilities Group (OUG) was officially
started in late 1977. (Locatedin HP's CorporateOffices in
Palo Alto, California,both CIS and OUG servedonly internal needs.)One of the first projects of OUG was to put on
the HP 3000 similar messagingand distribution list capabilities to what already existed on COMSYS/ROUTS,and
this was achieved in 1979 through a utility called COMGRAMS/3000.In fact, COMGRAMS/3000made use of the
COMSYS/ROUTSnetwork for distributing its messages
throughout HP. Messagesenteredthrough it would still be
printed at the receiving entity and delivered through the
mailroom, as were messagesentered through COMSB9/
MEMO.
brought messageentering and distriCOMGRAMS/30OO
bution list maintenanceto thousandsof users throughout
HP. It made them comfortablewith such activities. It allowed them to learn and experiencefirst-hand the many
benefits of even a simplified messagingsystem with extremely limited editing capabilitiesand lacking integration
with other OA facilities, such as text processing,graphics,
and spreadsheets.
'fhe
led OUG to work on
successof COMGRAMS/3O0O
NORMAN, a simplified EM system.Unlike the basic messaging systems (terminal to paper) already discussed
(COMS89A4EMOand COMGRAMS/3000),NORMAN al(termilowed the userboth to sendand to receivemessages
nal to terminal). It also offered other functions, such as
saving and purging messages,all within an entity's local
HP 3000network in which all the computerswere interconnected through hardwired links to the central or master
computer where NORMAN's databaseresided.Implementation of NORMAN began in 1981 in a small number of
entities throughout HP. Although it proved to be shortlived, NORMAN brought the first taste of EM, though limited, to many users throughout HP.
NORMAN proved to be short-lived becausein 1982 HP
introduced HP Desk (then known as HP Maill), a full-capability, store-and-forwardEM system. HP Desk is an HP
3000-basedproduct, available to customers,produced by
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the Office Productivity Division in Wokingham, England.
It is a supersetof NORMAN, both in terms of userfunctions
(handling both messagesand files as well as severallevels
of acknowledgments) and in its ability to handle multiple
HP 3000sand destinations.Besidespossessingcapabilities
superior to those of the other in-house systems,HP Desk
is an HP product, and implementing and using it internally
allowed for the transfer of the knowledge gained in the
process to the product division (the "next-bench syndrome"), subsequently leading to a better product. The
decisionwas thus madein mid-1982to convergeall current
development and implementation efforts by OUG in the
messaging and EM areas towards the implementation of
HP Desk internally.
Fig. 1 illustrates the evolution of the use of the various
messagingsystemswithin HP.
Justifying Electronic Mail
Even more than for most other OA facilities (text processing, graphics,spreadsheets,etc.),it is hard to quantify the
benefitsof EM useenoughto preparesuchtraditional financial analyses as rate of return on investment, payback
period, etc. This makesit hard to cost-justifysuch facilities
strictly on the basisof financial benefits.As an alternative,
admittedly less quantifiable benefits are employed to justify EM implementation. These include less travel, fewer
meetings,reduced telephone tag, and more timely and effective communications-some of thesebenefitslesstangible than others.
The task of cost justification is made easierthe greater
the organization'sexperiencewith any kind of messaging
system.Such was the caseat HP. Previoususe of COMS89/
and NORMAN had resultedin
MEMO, COMGRAMS/300O,
a relatively large percentageof HP personnel,perhaps as
large as 15%, who were accustomedto entering their own
brief messagesthrough workstations (personaloffice computers or terminals)for delivery on paperelsewherewithin
HP. Such broad previous experiencemeant that most of
theseusersalreadyhad the necessaryequipment to use HP
Desk,equipment they had purchasedfor other reasonsand
for which messagingwas a value-added capability. The
hurdle of purchaseof new equipment necessaryfor largescaleHP Desk implementationwas minimal to nonexistent
for HP. It alsomeantthat resistanceamongthe'usercommunity would be relatively low. Userswere already familiar
with the capabilities of simplified messagingand EM systems, accustomedto using them, and, from their experience, sold on their benefits. However, the dual challenge
existed first of converting the largebaseof users to a new,
more sophisticated system, more complex to administer,
and then of building upon that base.
For most organizations,there is an evolutionary process
to go through with regard to EM cost justification, similar
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Fig. 1. Evolution of HP's internal
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to what HP itself went through with HP Desk. At the outset,
as one or more pilot projects get started, it is imperative
that they be funded on an organization-wide baSis,without
making a particular group or individual pay for it through
one department's budget. The project must be nurtured
through its first stages as users are brought on board:
trained, supported in their initial struggles, and allowed
to experience personally the many benefits of EM. For organizations without any previous experience with messaging and EM systems, pilot projects are extremely important.
They can, and must, provide the vital rockbed of knowledgeable, satisfied users upon which continued, successful, large-scale implementation depends.
Later, individual users can be charged for the workstation
and computer resources they use, and entities might be
allocated a flat or prorated (by volume) share of the concomitant data communications and support costs. Users
who believe they benefit from EM would have to conclude,
on the basis of their own experience, that they gain enough
from using EM to justify replacing other items in their
financial targets with the expenses related to EM use. If
the implementation has been successful, there will be a
moderate, or even minimal, drop in the number of HP Desk
users and their message volume.

CurrentStatusof HP's HP DeskNetwork
How successful has the HP Desk implementation effort
been in HP?
The best measure of its success is perhaps the intensity
with which it is used. In February 1986, nearly four years
after the first HP Desk implementation efforts began, there
were over 50,000 registered HP Desk users. Among entities,
traffic reached over 3.1 million message records a month
(a message record has slightly fewer than 2000 characters).
Experience indicates that interentity traffic is about one
third of an entity's total traffic. Thus, total HP Desk traffic
is roughly 18 billion characters a month, about nine million
screenfuls of information. The delivery standard of service
for worldwide interentity traffic is next working day for
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regular messages and two hours for urgent mail. It is an
order of magnitude better for local intraentity traffic. HP
Desk interconnects 483 HP 3000 Computers in 31 countries.
Comparison with other public EM systems provides a
yardstick for the order of magnitude of HP's internal HP
Desk network. The 15 January 1985 issue of Dotomotion
quotes Telemail as having 45,000 users and MCI Mail as
having about 150,000 subscribers and a traffic volume of
more than one million messages a month.
Subjectively, the success of HP Desk within HP can be
measured by the uses to which it is being put. Initially,
users availed themselves of the basic functions provided:
read, send, delete, file, etc. Later, they began using the
more complex functions, including integration with other
OA facilities. Finally, users are extending the functions of
the product in a way not originally foreseen. They are using
it to give better service to their internal customers by setting
up specially named HP Desk users to which other departments can channel their queries and receive prompt replies.
They are using it to deliver expense reports to managers
faster than bursting, collating, and hand delivering paper
copies. They are using it to manage multientity projects
faster and cheaper than before. They are using it to speed
up the targeting cycle across geographical areas. In short,
HP Desk has become HP's information distribution and
management system, and users are integrating it into their
daily jobs in a manner that is productive and personally
meaningful to them.

Il. Developing and lmplementing a
Messaging Strategy
Since 1982, OUG's messagingsection has been responsible for coordinating the companywide implementation of
HP Desk at HP. This section presents the messaging section's strategies, tactics, and experiences.
Since an important aspect of any EM plan is data communications, the first part of this section describes the

Fig. 2. Some of the networking
options available in an HP Desk
network.

available networking options. The second part chronicles
the messaging section's experiences since 1982, which in
retrospect, can be divided into four phases, each with its
own set of challenges and tactics. Finally, the third part
discusses several strategic issues to consider in the longterm planning process.
Although HP's specific strategies and tactics are based
on EM implementation in a very large, distributed, highly
decentralized company, the phases, issues, and challenges
are applicable to EM implementation anywhere.

HP DeskNetworkingOptions
HP
betweenHP 3000Computers,
To transfermessages
Desk uses HP's AdvanceNet data communications software, which supports a variety of communication links
between computers, including DS (distributed systems)
and NS (network services) links between HP 3000s
(hardwired or dial-up, bisync or X.25, etc.)'
Within a building or complex, hordwired lines have most
often been used, giving a point-to-point connection with
speeds up to 56 kilobits/second. Alternatively, these hardwired connections canbe replaced by HP's IEEE 802.3 loco.l
oreo network (LANI, with speeds of 10 megabits/second'
Several options are also available for machine connections between sites. A dedicoted phone line connecting
two sites can be leased. Average monthly costs for 9600
bit/second leased lines, which require modems on each
end, are approximately US$6oo between San Francisco and
Los Angeles, US$1,500 between San Francisco and New
York, and US$12,000 between San Francisco and Geneva'
Since the cost is fixed, leased lines are best used for relatively constant, high-volume communication between two
specific sites.
A second option is the use of diol-up phone lines with
corresponding modems and autodial units, which usually
run at 4800 bits/second. Although the autodialers are optional, the use of dial-up lines in an HP Desk network
without autodialers is not recommended. Otherwise, operational and administrative problems are likely to lead to
failure of the network. The biggest advantage of dial-up
connections is that one computer can connect to numerous
other computers (one at a time) using the same HP 3000
communication interface. Since cost is based on connect
time, regardless of volume, dial-up is best used for low-tomedium-volume communication that can be queued up for
transmission at scheduled intervals.
A third option for connection between sites is the use
of a public doto network (PDN), using X.25 protocol. With
PDNs, a customer pays a fixed monthly charge for each
connection to the PDN in addition to packet charges based
on data volume. This allows the computer to connect to
any other computer that belongs to the same PDN. Like
dial-up connections, X.25 PDN connections allow one computer to connect to numerous others using the same HP
3000 communication interface. In addition, the X.25 protocol allows multiple simultaneous connections to different computers through the same port. Since cost is based
on volume regardless of connect time, X.25 PDNs are best
"bursty," interactive
used for low-to-medium-volume,
communication.
Because each of these connections provides advantages,

most HP Desk networks will use a combination of all of
them. This is true for HP's HP Desk network.
Fig. 2 shows severalof the networking options available
in an HP Desk network.
In addition to supporting DS and NS connections,HP
Desk also provides the ability to use other transmission
betweenHP 3000s(EFT,external
media to move messages
file transfer) and also the ability to interface to other EM
systems (FSC,foreign service connection).Both EFT and
FSC were critical features in the implementation of HP
Desk at HP, and their use is discussedin the next section
of this paper.
Besidesdeciding how best to interconnectthe HP 3000s
physically, the logical pathsthrough the network must also
be planned. Since HP Desk is a store-and-forwardsystem,
the optimum network minimizes the number of intermediate machines that a messagemust pass through to
reach its destination. On the other hand, if an HP Desk
network consistsof severalhundred HP 3000s,a fully connected network where each machine directly communicateswith every other machine is not administratively desirable.Somecompromisebetweendelivery speedand administrative control must be reached'
At HP, the messagingsection did not have much control
over the design of the physical network. Becauseof the
decentralizednature of both managementand information
systemsat HP, the structure of the network paralleledthe
structureof the companyorganization.The overall network
is two-tiered, with the bottom layer consistingof the local
HP 3000 network at each HP entity and the top Iayer consisting of one (sometimesmore) gotewoy or hub HP 3000
per entity, through which all mail into and out of that
entity passes.The information systemsmanager(ISM) at
each entity is responsiblefor the design and performance
of the locol HP 3000 network, while the messagingsection
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Fig, 3, Structure of the global and local layers of HP's HP
Desknetwork.
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is responsible for the design and performance of the globol
network connecting the HP 3000 gateways or hubs.
Fig. 3 illustrates the structure of the global and local
layers of the network.
While this structure is effective in establishing clear lines
of responsibility, it means that the network layout may
change when the company organization changes. However,
the impact of these changes can be mitigated because of
the layered design philosophy behind HP Desk (seeFig. +).
The top layer of HP Desk is the User Interface module,
which is the only part that 99% of the users see. Through
the User Interface, they can read, send, reply, file, etc.
Messages are addressed to a name at an address called a
moilnode. The middle layer of HP Desk is the Mailroom
module, which takes care of delivering incoming mail to
users on a particular HP 3000 and sorting and pigeon-holing
outgoing mail. The bottom layer of HP Desk is the Transport
module, which is responsible for transferring messagesbetween HP 3000s. The Transport calls DS or NS or uses
EFT/FSC. Each layer communicates, via a strictly defined
interface, with the layers directly above and below it.
This layered design provides two important benefits.
First, HP Desk automatically adapts to changes and enhancements to the data communications software. Thus.
the HP Desk network can take advantage of new data communications features with no change to the HP Desk software itself.
Second, because of the well-defined interface between
layers, one layer can be pulled out, completely rewritten,
and reinserted, and the process is invisible to the other
layers. This modularity enables the product to be enhanced
to adapt to changing conditions on a timely basis.

Phasesof EM lmplementation
Since the messaging section started implementing HP
Desk at HP, the HP Desk network has gone through four
distinct but somewhat overlapping phases, each with its
own set of issues. These issues should be anticipated and
addressed ahead of time, as part of the strategic and tactical
planning process.

Phasel: Startup
The objectives for this phase were to:
I Ensure that reliable networking was already in place
r Establish network-wide standards, conventions, and
guidelines
r Appoint and train administrators at each remote location.
In February 1982, the messaging sdction started alphatesting HP Desk (then called HP Mail) in three departments
at HP's Corporate Offices in Palo Alto, California. Most of
the users were sophisticated terminal and computer users
and therefore needed minimal training. In the next few
months, the messaging section learned a great deal about
the product, especially what it took administratively to
keep it running smoothly. HP Desk was officially introduced in April of the same year, and in May 1982, the
messaging section was asked to head a projectto implement
an HP Desk network for the former Computer Group product organization. This involved about 20 entities spread
throughout the U.S., with about 10 users at each entitv. At
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that time. there were no direct DS connections between
these entities.
Although the initial objective of this project was to provide fast HP Desk delivery between all Computer Group
functional managers and secretaries, another objective was
to experience firsthand what it took to implement a large,
distributed HP Desk network. The messaging section
worked for the next few months to build this network,
working with contacts in the information systems department at each entity to install software, install and configure
modems, set up delivery schedules, and configure HP Desk
nodes, routes, and users. But because too much was done
too soon, the project results were chaotic and nightmarish.
There were problems with the modems, problems with the
phone lines, problems with configurations, and problems
getting cooperation from the diverse entities.
Eventually, the problems were straightened out and the
network ran relatively smoothly. In retrospect, two major
mistakes stood out from this initial large-scale pilot project.
First, manpower expectations were not communicated
ahead of time to each entity to get the needed commitment
from the local information systems departments. These
contacts did not have the time to become trained in HP
Desk administration. Lesson number one was that a successful network needs committed, trained, HP Desk administrators at each remote location to resolve local problems and support local users. The second mistake was the
concurrent attempts to build an HP 3000 DS network while
trying to install and configure HP Desk. The data communications network that HP Desk uses needs to be built, tested,
and fully managed before HP Desk starts to use it. In addition to these two mistakes, the initial product lacked certain
administrative tools, and this hindered the successful administration of the system. Partly because of feedback to
the product division from these experiences, these tools
were incorporated into subsequent versions of the product.
However, one thing was done right initially: to set up companywide address conventions and configuration standards.
Phase ll: Expansion
In the second phase, the goals were to:
r Address the critical mass issue
r Provide good support to remote HP Desk administrators
I Provide local user training and support
r Set proper user expectations and establish good habits.
At about this point in time, the commitment was made

Fig. 4. The layered design of HP Desk allows it to adapt
quickly to changes in any layer.

by top management to make HP Desk the primary messaging system for HP. Faced with the responsibility for coordinating this implementation, it was time to step back to
reevaluate and revamp the existing strategy and tactics.
Besides the problems mentioned above, the startup experiences brought up two additional lessons. First, it was
beyond the scope of the messaging section, certainly in the
time frame hoped for to implement EM, to build a companywide HP 3000 network connecting several hundred
HP 3000s via DS. Yet, experiences indicated that the success of EM depends upon a reliable network. Second, like
any other type of communication system, HP Desk needs
a certain critical mass of users before it becomes extremely
useful. A dilemma existed. No one wanted to commit the
resources to implement HP Desk unless they could communicate with everyone else via HP Desk, but no one
wanted to be first.
How did these problems get resolved? Both issues were
resolved by taking advantage of HP's COMSYS/ROUTS data
communications network and the EFT/FSC features of HP
Desk. COMSYS/ROUTS was cost-effective, already connected every HP entity worldwide, was already managed
(by another group), and most important, already existed.
The plan was to provide interfaces between HP Desk and
COMSYS/ROUTS using EFT and FSC. FSC was used for
the HP Desk-to-COMGRAMS (HTC) interface, which allows
an HP Desk user to send messages to both HP Desk and
non-HP Desk users. Non-HP Desk users receive the message
as a hard-copy message, just as before. HTC solved the
critical mass problem and encouraged the use of one messaging system-HP Desk.
EFT was used for the HP Desk-via-ROUTS (HVR) interface, which uses the already existing COMSYS/ROUTS network to move HP Desk messages between entities on a
next-working-day delivery basis. HVR solved the networking problem and enabled the messaging section to concenEM, rather than building a
trate on implementing
worldwide data communications network. (Section III of
this paper covers the development of the EFT/FSC HP DeskIo-COMSYS/ROUTS connections in detail.)
In fanuary 1983, a memo was distributed to the information systems manager (ISM) at each HP entity detailing the
overall messaging strategy and tactics. Local implementation of HP Desk was encouraged and extensit'e implementation support services (see section IV) were offered. This
established a local user base and gave local HP Desk administrators the time to learn how to keep their local HP
Desk network running smoothly. Although the messaging
section was responsible for the overall companywide implementation, the distributed nature of HP meant that each
entity was responsible for its own local implementation
and networking of HP Desk. Each entity was asked to appoint a local messaging coordinator (LMC) who would be
responsible for the local implementation and administration and with whom the messaging section would work to
carry out the companywide strategy and tactics. It is very
important to take advantage of the LMC's initial contact
with users to start them off with good habits and to set
their expectations of message delivery speed properly'
Once users develop a certain set of habits and expectations,
it is very difficult to change these.

While e'achentity worked on local implementation of
HP Desk (seesection V), the messagingsectionworked on
the HTC and HVR interfaces.
During the initial phase of HP Desk network expansion,
a 2\16o12orule was found to apply. Twenty percent of the
entities would give HP Desk implementationhigh priority'
do an excellent job of implementation,pioneer EM activities, and be genuinely excited about the implementation.
The next 60% would be relatively cautious, wait to see
what happened,then proceed slowly but effectively. The
remaining 20% would always seem to be short of people,
money, and equipment no matter what was suggested.Because of this spread, resourceswere focused on the first
20%, establishing some successesand providing good
examples for the rest to follow. Thus, between fanuary
1983 and luly 1984, the HP Desk network went through
its expansion phase.
Phase lll: Optimization
The goals of this phaseare to:
r Measurenetwork statistics
r Improve reliability and delivery
r Provide alternatepaths.
By July 1984,two yearsafter the initial ComputerGroup
network project, the HP Desk network numbered 15,000
users. The original Computer Group network had converged into the companywide network. HP Desk traffic
within an entity flowed via DS, while most HP Desktraffic
between entities flowed via COMSYS/ROUTS(HTC and
HVR). HP Desk was being absorbedinto the daily lives of
many of its users and was beginning to replace other
methods of communication.
However,about this time, severedelaysbeganimpacting
certain parts of the network. Seventy-fivepercent of the
time, messageswere reaching recipients in 24 hours or
less,but 25"/ooI the time they were taking longer, as much
as a week. After researchingspecific delayed messages,a
few bottlenecksin the network were found. They were the
result of 1) lack of recommendationsfor local network configurations and 2) no direct control of the size and number
being sentby users.Severalmonths were spent
of messages
implementing solutions to prevent these bottlenecks.
To avoid having to react constantly to emerging problems, resourceswere devoted to collect network performance data. Beginning in January1985, a monthly report
has been issued to all ISMs and LMCs worldwide. It contains detailed network-wide data that measuresmessage
delivery, HVR performance,and HVR outgoing volumes
for eachentity in the network. Thesemonthly reportsserve
severalpurposes:1) they are an objectivemeasurementof
the performanceof the companywidenetwork, 2) comparison of thesemonthly reports points out current and potential problem spots,3) the publication of the reports results
in a certain amount of peer pressurewhich encouragesthe
entities with less than acceptablemessagedelivery performance to improve, and +) the objectivedata is used to set
proper user expectationsfor typical messagedelivery.
Also in fanuary 1985,the messagingsection introduced
a revised HP Desk strategycalled duol goteway networking.
The revisedstrategyis to usethe existingCOMSYS/ROUTS
network with HVR for delivery of normol messagesand to
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use X.25 networking for delivery of urgent messages and
in selected casesfor delivery of oll messages.The establishment of dual routes between all entity gateways provides
a good cost/speed trade-off in addition to backup paths in
case of problems in either network.
HP's HP Desk network has continued to grow, and it is
currently in the third phase, when resources are concentrated on improving the reliability and performance of the
network, providing alternate paths for backup, and optimizing transmission based on volume.

PhaselV: Integration
Activities in the integration phase are to:
r Establish EM etiquette
r Set policies for external accessto the internal EM system
r Provide the ability te send mail from information systems applications
r Consult with departments who have special uses for EM.
Although presently in the optimization phase, the network is starting to move towards a new, possibly final
phase, when EM, like the telephone, becomes an essential
tool and an integral part of everyone's job. In this new
phase, employees find unique ways to use EM to perform
their jobs and make themselves more productive. As the
network has evolved, the typical user questions have
evolved from "How do I send a message?" in the startup
phase to "How do I send a message to X?" in the expansion
phase to "How can I get this urgent message to X in two
hours?" in the optimization phase. In the next phase a
typical question is "My order coordinator thinks that we
can save money, time, and frustration by using HP Desk
to resolve problems with orders instead of the current
method of playing telephone tag with the divisional order
coordinators. How can we set this up?"
Fig. 5 traces the growth of the worldwide HP Desk network over three years.

Strategiclssues-Keys to Success
Based on the messaging section's experiences in implementing HP Desk at HP, several strategic issues must be

considered for successful EM implementation.
Obtain management support and commitment. Top-level
management support is obviously important in any project.
However, it is especially important in EM implementation
because 1) EM needs to be implemented companywide to
be really useful, 2) the productivity benefits that it provides
are often more intangible than tangible, and 3) although
planning is usually done at a centralized corporate entity,
actual implementation, administration, and troubleshooting are done at remote entities throughout the company.
Another management issue is one of mandatory versus optional implementation. Because HP's initial Computer
Group network project was mandatory for the participating
entities, the important critical mass was established with
this core group of entities and users in a relatively short
amount of time. The rest of the entities in the company
then joined the HP Desk network when they were ready
and willing, which optimized the time and efforts of the
messaging section.
Address network-wide resources. In retrospect, most of
the problems stemmed from the fact that too many remote
entities did not commit the necessary resources for a successful implementation: people, money, and equipment.
On the other hand, one could not ask for too much at the
beginning. Because HP Desk has proven to be an invaluable
tool, most managers are now willing to devote the people,
time, and money necessary to optimize the network, which
they might never have agreed to do a few years ago.
Aim for early success. At the start, it is best to work with
Ihe 2oo/o of the prospective user groups who have enthusiasm, will cooperate, and have the highest probability
of a successful implementation. Once able to establish early
success, the overall project will be viewed favorably, and
subsequent groups will be much more receptive to EM
implementation.
Establish good relationships with remote contacts. In a
distributed network, one must rely on the remote contacts
(LMCs) to keep each entity running properly. Since a network is only as good as its weakest link, it is important
that the LMCs be provided with the proper training and
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Fig. 5. Growth of the worldilde
HPDesknetworkoverthreevears.

level of support that they need to get their iob done well.
Follow-up, fine-tune, forever. Work is never done. The
network goes through a continual cycle of follow-up and
fine-tuning as the product, user sophistication, messaBe
technologies
volume and flow, and communication
change. A successful EM network is one that has the proper
software, and hardware-to
structure in place-people,
adapt as quickly and painlessly as possible to the changes
forced upon it.

III. EtrT and FSC
In 1983, a very significant enhancement was made to HP
Desk to provide the ability to interface with other transmission media and foreign mail systems. This feature has been
extensively used within HP's HP Desk network. Because
of the size and worldwide nature of the network, this feature has proven essential to the network's success. The
EFT (external file transfer) and FSC (foreign service connection) facilities of HP Desk are used on entity gateways to
interface with the COMSYS/ROUTS network. This section
of the article discusses the technical details of this feature
and how it is being applied within HP.
EFT/FSC and the HP Desk Transport Manager
The Transport module of HP Desk has the responsibility
to forward all messages having an address that is not local
to the HP 3000 on which it is operating. Because HP Desk
is a store-and-forward system, a message may make multiple stops through intermediate HP 3000s in the network
before reaching the message's recipient. Each organizational entity is encouraged to collect all nonlocal mail
bound for other entities on one HP 3000, occasionally more
than one. These HP 3000s, called gateways, are an entity's
principal interface to the companywide HP Desk network.
A gateway is typically an HP 3000 designated to perform
the network gateway role, usually in addition to performing
its primary role of providing local business systems supDort.
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The local messaging coordinator (LMC) at each entity
uses a menu-driven HP Desk utility to configure a route
for each mailnode. The route is the destination computer
name or computer gateway used by the Transport to deliver
a message to the next computer on the message's path to
its final destination. The route may be a specific data communications line, an X.25 address, or a special EFT/FSC
computer name. Every 15 minutes the Transport examines
the availability of a route associated with mail waiting to
be forwarded. The availability of a route is configurable on
a 24-hour clock in LS-minute windows. Messages can be
prioritized by the sender as either normal or urgent. The
Transport prioritizes all outstanding mail based on the
priority and the number of messages destined for a specific
mailnode.
When mail is scheduled for transmission to an EFT/FSC
computer, all mail destined for a specific mailnode is written to a data file. One file is created for each mailnode. For
example, if messages for 10 mailnodes are processed, the
Transport produces ten files, each containing all messages
for one mailnode. For each file created, a record is written
to a special file which acts as a queue of all EFT/FSC files
produced. This file is called an IPC (interprocess communication) file. IPC files can be read and written to simultaneously. IPC files also allow an application to issue a read
to an IPC file and wait until data is written to the file. Use
of this feature allows dependent events to occur in immediate succession. IPC files are used extensively by HP
Desk for interprocess communication between and among
its User Interface, Mailroom, and Transport modules. Fig.
6 illustrates the interface between HP Desk and the EFT
and FSC facilities.
Each record of the IPC file designated for use by EFT/FSC
contains the name of the corresponding data file, the format
type of the file, and the mailnode associated with the data
file. The four types of formats include HP Desk internal
format (EFT) and three types of ARPA2 formats (FSC). EFT
can be used when the destination is an HP 3000 and the
transmission medium is a nonproduct data communications network. FSC format includes three different ARPA

Nonproduct
Data
Communications
Network

Fig.6. How HP Deskuses EFf @xternalfile transfer)and FSC(foreignservice connection).
An IPC (interprocesscornmunication)file.acts as a queue of all EFTand FSCfilescontaining
rnessaoestor vartousmatlnooes.
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standardformats. The three types of ARPA formats allow
the userto transmit ASCII dataonly, both binary and ASCII
data, or a compressedversion of ASCII data only. ARPA
is an internationally recognizedstandardformat used for
messaging.The type of format conversiondone by HP Desk
depends on how that address has been configured. For
example, within HP, a specific mailnode per location is
always configured by the LMC to be routed out the FSC
gateway. EFT supports the transfer of messagesin HP
Desk'sinternal format acrossnonproduct datacommunications networksto remoteHP Deskdatabases.FSCsupports
the transferof messages
to foreignmail systemsusingARPA
standardformats.Both EFT and FSCrequire that a simple
application program be written to provide the interface
with HP Desk. HTC and HVR, discussedin the following
sections,provide a good exampleof utilities using the EFT
and FSC facilities. Fig. 7 illustrates the interfacebetween
EFT and FSC and such user-written applications.
HTC
In July 1983,HTC (HP Desk to COMGRAMSIwas introduced and was eventually installed in over 90 locations
within HP. Design and coding of HTC took six engineermonths.
HTC usesHP Desk'sFSCfacility to provide an interface
to COMSYS/ROUTS
for ASCII messages
createdin HP Desk.
HTC reads the IPC file associatedwith the FSC gateway
for outgoingHTC messages.
This IPC file actsas a d.irectory
for all files containing ASCII messages.The data files associatedwith eachIPC file record arethen reprocessedinto
a formatcompatiblewith COMSYS/ROUTS
and loadedinto
the COMSYS/ROUTSnetwork via tape or a datacommunications line. At the receiving entity the messagesare
printed on a line printer and distributed as hard copy.
HTC representeda significant milestonein HP's EM network development,becauseby using the FSC facility of
HP Desk in this fashion, users were enabledto send messagesto anyone in HP. HTC allowed HP to leverageits
existing data communications network and an already
existing messagingsystem.This also allowed the phasing
out of older messagingsystemsand the promotion of HP
Desk as HP's companywide EM system.

HVR
In Decemberof 1gae, HVR IHP Desk via ROUTS) was
releasedfor use within HP. HVR was designedand coded
in six engineer-months.By October 1985, HVR was installed in over 90 locations within HP. HVR incorporates
the featuresof HTC and provides the additional capability
of sending messagesfrom HP Desk to HP Desk (terminal
to terminal) and not just from terminal to paper (HTC).
The use of the EFT facility allows HVR to transmit any
type of data contained in an HP Desk messagethrough
COMSYS/ROUTS.
HP Deskallowsthe transmissionof almost
any HP 3000 file, including word processing,graphics,
spreadsheet,and personal computer generatedfiles, with
the exceptionof certain privileged files, such as Imagedata
bases.
HVR consistsof modules for exporting messagesto and
from COMSYS/ROUTSand loading them back into the
local HP Desk network. The outgoing module of HVR is
similar to HTC's, with the exception that the IPC file used
by HVR to locatethe files queuedby HP Desk containsthe
names of files that could be in either EFT or FSC format.
The HVR outgoing module reprocessesthesefiles and formats them for transmissionthrough COMSYS/ROUTS.
The HVR incoming module mirrors the HVR outgoing
process.The HVR incoming module processesmessages
transmitted from an EFT gateway and imports them back
into HP Desk. The recipient of the messageseesno differencebetweena messagesent locally and one that flows in
from outside using EFT and COMSYS/ROUTS.The HVR
incoming module has the responsibility for importing the
messagesfrom COMSYS/ROUTSand breakingup the data
into datafiles. Eachdatafile containsone or more messages
that have been sent from another entity to a local HP Desk
address.After each file is created,a record is written to an
IPC file which servesas a directory for HP Desk of all data
files containing messagesto be imported into HP Desk.
Once all HVR processinghas been completed,an HP Desk
utility programis run which usesthe IPC file to locateeach
data file and load it into the local HP Desk network. The
EFT and FSCfacilities are powerful extensionsof HP Desk
which allow interfacing to other transmission media and
foreign mail systems.

Fig.7. HTC (HP Desk to COMGRAMS)and HVR iHP Desk via ROIJTS)are examplesol
user-writtenutilities that use the EFT and FSC facllitles of HP Desk.
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Support and training include both support and training
Other EFT/FSCApplications
for local messagingcoordinators(LMCs),who are in charge
In fanuary 1984, CTH (COMGRAMS to HP Desk) was
of supporting the entities' local HP Desk networks, and
introduced by OUG'smessagingsectionfor usewithin HP's
support and training for end users,who need to know how
CorporateOffices only. BeforeCTH, ASCII messages(comto use the product and take advantageof its many features.
grams)sent to the CorporateOfficeswere printed on a line
Why is support necessary?For an EM network to be
printer and distributed as hard copy. This manual process
successful, it must deliver ovailability (up to 24 hours a
often delayed messagedelivery one or more days. Using
day, 7 days a week), so users can read and send mail on
CTH, these messagesare instead imported into HP Desk
their
own schedules.It must also deliver reliobility (mesgateway.
mestakes
incoming
CTH
using the FSCincoming
sagedelivery within a guaranteedtime), so usershave consagesin the COMSYS/ROUTScomgram format, translates
fidence in the system and thereforewill use it. Lastly, it
them into a documentedARPA standardformat, and then
must deliver usobility (not just easeof use but knowing
writes a record to an IPC file used by HP Deskas a directory
how to use the EM product for maximum value), so users
the
mesto
be
imported.
Once
of files containing messages
see a definite benefit in EM. Having the proper support
sagefiles are queued,an HP Desk utility program is run to
network in place is the key to delivering thesethree ingreread the IPC file and import the messagesinto the local
dients and thus ensuringa higher probability of a successful
HP Desknetwork. CTH in many ways mirrors the incoming
network.
HVR.
module of
The FSC feature of HP Desk is also available on a proDefining the Support lssues
grammatic level. Programmerscan import data into and
Developing and then documenting a support plan is esHP
export data from the HP Desk data baseusing standard
sential to achievea clear definition of the support issues.
3000 files and IPC files in exactly the same manner as
Although the support plan may changeover time, a written
discussedearlier. Both HTC and CTH are good examples
plan forcesthe organizationto addressat Ieastthe obvious
of such programmaticaccess.
and critical issues. Support responsibilities must be adgateway.
HP
HP
Telex
is
an
HP Telex also uses the FSC
dressedearly in the plan. The main categoriesof support
supported product that provides an interfaceto major U.S.
include technical, administrative, and user support.
and international Telex vendors. It is certified in over 16
This section of the paper takes a closer look at each of
countries and provides the ability to send Telex messages
support roles and their manpower requirementsand
these
program
or
directly
running
on
the
HP
3000
from either a
investigateshow HP has coordinatedand enhancedthese
from HP Desk. The FSC gateway is used by HP Telex to
support roles over a worldwide network,
transferthe messagefrom HP Deskto an HP Telex program
which has responsibility for managingthe Telex lines and
Critical Support Responsibilities
messageflows.
The areaof technico.lsupport is critical becauseits misFSC is also used in a project to interfaceUNIX'"-operatsion is to resolve highly visible and complex technical
EM systemswithin HP with the internal
ing-system-based
problems such as corrupt data bases,program aborts,and
HP Desk network. The interfaceusesFSCfor both importother problemsthat impair or disableuser accessand mail
very much like HTC and CTH.
ing and exportingmessages,
delivery. The occurrenceoftechnical problemsis rare,parif the day-to-dayadministration tasks (discussed
ticularly
EFTiFSCSummary
performed regularly. However, technical probnext)
are
powerful
feature
and versatile
EFT and FSC make up a
lems are highly visible and, if not taken care of imof the HP Desk product. Certainly, HP's HP Desk network
mediately, can lead to additional and more complicated
would not have grown as quickly as it has if HP had not
problems. Therefore,each entity in the network needs to
beenable to leverageits previously existing datacommuniidentify and have trained one primary person (or LMC)
(COMSYS/ROUTS).
FSC
also
EFT
and
network
cations
transparentlyallowed HP to convergeits existing messag- and one backup personfor HP Desktechnical support.The
ideal personto fill the technical support role is a programing systems into HP Desk. HTC, HVR, and CTH are all
with a good knowledge of the HP 3000,Image,
mer/analyst
utilities that the messagingsectionwrote using the standard
Query, and DS and NS. In a large HP Desk network, the
HP Desk product and documentation.They are intended
time requirements on this person vary directly with the
for internal use only and are not availablefor use outside
number of HP Desk doto bosesat the entity, the number
HP. Custo,nerswho wish to interface with their own data
of users per data bose,and the quolity of HP Desk ond HP
communicationsnetworksand messagingsystemscan take
3000 odministrotion at the entity.
advantageof the EFT/FSCfacilities to write their own cusThe areaof odministrotive support is also critical since
tomized utilities to meet their particular needs.
this role addressesthe daily required duties. Someof these
duties include: 1) ensuring that the HP Desk production
IV. HP Desk Support and Training
jobs are up and running at least during businesshours, 2)
ensuringdaily maintenancejob runs and checkingthe daily
HP Deskreportsfor warnings and errors,3) monitoring and
This sgction of the paper discussesthe types of HP Desk
that have landed in Genforwarding, or printing, messages
support and training needed in an organizationto be suceral Delivery (these are messagesthat for one reason or
cessful at growing and maintaining a large-scale,distribanother could not be delivered to the intended recipient),
uted HP Desk network such as HP's.
and
+) maintaining and updating local addressingdirecUNIX" is a trademarkof AT&T Bell Laboratories.
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tories. Typically a systemsadministrator is a good match
for this role. In a largeHP Desk network, the time required
of this person varies directly with the number of HP Desk
doto bosesat the entity and the number of usersper doto
bose.
Finally, user support is needed to ensure that all users
know how to use HP Desk, use it on a regular basis,and
use it both properly and effectively. Typical duties of an
HP Desk user support person include conducting training
classes,providing a call-in or write-in hotline for questions
and suggestions,and consulting with departmentsfor tailored usesof EM to help them do their jobs better.An office
automation coordinator (OAC) is best suited for the user
support role. Staffingneedsfor this role are directly related
to the totol number o/ usersat the entity.
Fig. B details the relationship betweenthe magnitudeof
the local HP Desknetwork and the support staffingrequirements.It is important to stressthat the actual total number
of people required to support HP Desk at a single entity
varieswidely and is relatedto both the number of HP Desk
databasesand the number of users(per databaseand total)
at an entity. The number of support people in place, the
time they are able to devoteto HP Desk,and thus their rate
of success,also depend on local management'sinterest in
and commitment to EM.
Many entities within HP have severalhundred usersdistributed over severalHP 3000s.In somecases,theseentities
appoint one full-time person to cover all three areasof HP
Desk support responsibilities.Other entities have elected
to distribute the responsibilitiesover severalpeople, each
of whom works part-time on HP Desk. For example, one
successfulentity with 500 users and three HP Desk data
baseshas a software support analyst to addressHP Desk
technical problems (this accountsfor 10% of this person's
time), a systemsadministratorto handle the administration
(accountinglor 2O1oof this person'sjob), and an OAC to
cover training and user support (HP Desk amounts to 30%
of this person'sjob).
What matters with respect to HP Desk support at an
entity has little to do with the number of people involved
and a great deal to do with the assurancethat all three
support roles are covered at least during business hours
and every business day. Clearly defining these respon-

HP Desk
Support
Responsibility

Technical
(Programmer/Analyst)

sibilities, making them an official part of someone's job,
and identifying official backups help achieve this goal.
Hence. commitment breeds success.
Once the support plan has addressed and defined the
support responsibilities, it should address how to coordinate these local responsibilities across the network.

Network-WideSupport Strategy
The staffing requirements in Fig. B are for entities' local
HP Desk networks and they complement the decentralized
support strategy adopted by HP. One other option for coordinating network-wide support would have been a single
centralized support group. Because of HP's internal distributed information systems strategy and its highly decentralized management structure, the decentralized HP Desk
support strategy had a higher probability of success and
was easier to implement than a centralized support strategy.
With decentralized support in place, HP's network enjoys the advantages of more timely identification and correction of problems as well as availability of support contacts for the local users. On the other hand. decentralized
support requires more people and offers less consistent
operational control of the network.
Fig. 9 illustrates the network support structure within
HP. Each entity has identified one primary local messaging
coordinator (LMC). Sales regions and multientity sites often
appoint a group messaging coordinator (GMC), whose responsibility it is to coordinate support efforts among the
many LMCs within the region or site. Together, these HP
Desk support people manage HP Desk for their entities and
implement new strategies and EM projects as recommended by OUG's messaging section or as developed Iocally. In an effort to make the support network an effective
one, the messaging section provides a variety of special
support services for the LMCs' use.

NetworkSupport Services
Networksupportservicesincludea varietyof projects
intendedto help LMCs carry out the responsibilities
of
their job most effectively and reduce duplication of effort.
Theseservicesare provided only internally by OUG'smessagingsectionand are made availableexclusivelyto LMCs

Time Requirements
(by Magnitudeof Local Network)
1-5 Data Bases
100-250Users

5-15 Data Bases
250-500Users

'lo"/"
(of one pe.son'stime)

15-200/"

20/0+

Over 15 Data Bases
Over 500 Users

Administrative
(SystemsAdministrator)

15-25/"

50-750/o

750/o+

User
(OACoordinator)

t5-25"/"

30-40"/"

40-50%+
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Fig. 8. HP Desksupport requirements.

on an on-going or as-neededbasis.
LMC Technical Support Classes.To educate LMCs on the
technical aspectsof HP Desk and HVR data baseand program internals, operations, troubleshooting techniques,
and network philosophy, the messagingsection provides
technical support classes.This class has become a vital
part of HP's network support strategy.It has proved to
promote consistency and quality of support at all local
entities, The classesare offered approximately every three
months.
LMC Support Line. Incoming calls and messagesto this
phone number are monitored by support people in the
messagingsection. The phone number is for LMCs who
need immediate help in solving an HP Desk problem.
LMC Bulletin. The messagingsection sends this bulletin
to all LMCs. It includes items such as performancetips,
helpful hints on user,technical, or administrativesupport'
"problem and solution of the month," etc. LMCs are encouraged to contribute their own articles to this bulletin.
LMC Support Groups. LMC support groups (made up of
internal HP Desksupport people)havesprungup in various
parts of the world. They are self-organized and meet regularly for the purpose of sharing ideas and addressingcommon issues. Typically, meetings are held once a quarter
for two to three hours.
Training Material. It is important that entities offer formal
training classesfor the EM users.Someusersprefer formal
classesto self-pacedcourses, and many times the only
opportunity for a user to learn a new software package is
to get away from the office and enroll in a class for a few
hours. The messagingsection has helped by providing
LMCs with an HP Desk training package,which includes
trainer's notes and outlines for beginning and advanced
HP Desk classes,class materials,overheadslides, and lab
exercises.
HP Desk Network Status Line. An LMC calling the HP
Desknetwork statusline hearsa recordedmessage(updated
twice daily) which informs the caller of existing or recent
a
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Fig.9, Hewlett-Packard'sHP Desk support structure

(as far back as one week) message delivery delays in the
network. Before hanging up, the LMC can also leave status
information regarding the LMC's own entity. The purpose
of the status line is to help LMCs track the flow of a message
to any entity in the network. By calling the status line, an
LMC finds out if there have been any delays or data losses
at the receiving entity. At the same time, the messaging
section stays well-informed on the state of the network on
a daily basis.

HP DeskUserTraining
Since an EM network is of little value unless a critical
mass of usersis using it, user training is extremely important. Also, since EM is unlike any other OA tool in that it
potentially involves nearly all individuals in an organization, a good user training and support program is crucial
to its success.
Before HP Desk becamethe primary messagingtool for
HP, many entities already had at least one part-time OAC
whose job it was to train and support users on various OA
utilities. HP Desk was added to the array of products for
which OACs assumeduser support. Entities that had not
yet hired or appointed an OAC eventually found the introduction of HP Desk to be the ideal time to do so.
The mission of the OAC serving as HP Desk trainer is to
ensure that the user community knows how to use HP
Desk, actually uses it on a regularbasis,usesit effectively,
and obtains enough product knowledge over time to become creativein identifying new ways to increaseproductivity.
Larger entities faced somewhat of a problem with only
one OAC, since it is potentially impossible for a single
individual to offer good user training and support to more
than a thousand users. So these larger entities expanded
their training and support basebeyond the single OAC by
enlisting workgroup or departmental OA coordinators
(DOACs).The ideal DOAC is one who has a good understanding of the department'sbusiness,visualizes advantages of using OA products within the department, and
preferably has some influence over the direction of the
department.In some cases,theseDOACs are departmental
supervisors;in other cases,they aredepartmentsecretaries.
HP Desk Training Options
Since EM will potentially reach most, or even all, members of an organization,it is important to have a variety of
training options for them, since different people have different training needs and respond to different training
methods. What follows is a brief discussion of the most
important training tools.
On'Line Interactive Training Facility. The HP Desk software includes an on-line interactive training facility (ITF)
composedof severalmodules,eachpertainingto a different
area within HP Desk (for example, the In Tray, Out Tray,
Pending Tray, etc.). Each module takes approximately ten
to fifteen minutes to complete,and the user can do as many
or as few as needed.This mode of training is ideal for users
who are already familiar with the keyboard, do not require
personal training, and prefer to learn on their own. It is
also an excellent mode of training for those who cannot
get away from their desk to attend a formal class or need
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to go through training during off-hours.
is not. OACs can then personallyfollow up with userswho
Formal Classes.Many entities have electedto offer formal
have not signed on at all for one to two weeks.
training classesto userswho want them. Experienceindicatesthat a nominal feeshould be chargedthosewho enroll.
Promoting Effective Use of HP Desk
Certain groups tend to benefit most from formal classes:
While training usersto use HP Desk is the first step,and
department secretaries,who need to know the more adgetting users to sign on regularly is the second,the third
vanced or complex featuresof the product, DOACs, who
step is to promote effectiveuse of HP Desk. The following
are to becomethe front-line user support personsfor their
actions help achievethis objective.
departments,and those who need to get away from their
Disc Space Use. One issue to be addressedwith any EM
desk to get the training.
product is disc spaceuse.EM systemsencourageelectronic
Customized Training Classes. Special groups may need
filing, which usually meansincreasingdisc spacerequiresomething other than the ITF or formal training classes, mentsover time. The maintenancereport of HP Deskdetails
and customizedclasseswork well in thesecases.For examdisc spaceuse by user and therefore permits the LMC to
ple, a customizedclass may be offered to executives.
monitor use. Many entities within HP have set a limit on
Help Facility and Reference Guides. These are good opdisc spaceuse and then monitor the user community based
tions for those who prefer to learn by using. The on-line
on that limit. At one entity, the set limit is 10,000sectors
help facility within HP Desk is excellent.At virtually any
per user, and most usersthere consumebetween4,000and
prompt within HP Deskthe user can type HELPor ? or HELP 6,000 sectors.Usersmay need some initial help in setting
(commandname) dDd receive on-line instruction. Informaup folders and understandinghow to limit the number of
tion systemspersonnelwho are familiar with the HP 3000,
items they hold electronically to what is necessary.Many
or who otherwise prefer to explore a new product on their
users may not realize that everything within their HP Desk
own, may want to train themselvesvia this option.
trays is saveduntil specifically deletedby the user.TrainA good training plan puts togetherthe availableoptions
ing users early on how to make effective use of the Filing
in a way that meets an entity's individual needs and
Cabinetand how to deleteunneededitems will help avoid
priorities. For example,one HP entity with over 300 target
disc spaceproblems.
HP Deskusershad but one part-timeLMC who was responSetting Up a Personal HP Desk Password. To ensure a
sible for user,technical, and administrativesupport on HP
certain degreeof security for both the sender and the reDesk as well as technical support on severalother producceiver, users should be taught how to set up a password
tion applicationsat that entity. Having no time to conduct
and change it. It is easy to develop a utility that scans all
formal training classeson HP Desk, this LMC sent out an
local usersin a data baseand points out those who do not
announcementto the 300 targetusersto announceHP Desk
have passwords.The OAC should follow up with those
and explain how to sign on to the ITF. Userswere asked
users to correct possible security breaches.
to contactthe LMC afterthey had run the ITF and,following
Greater Benefits with Less Time and Effort. Once users
a brief quiz, were set up as registeredHP Desk users.
have masteredthe basics,the OAC should begin to implement special programs which can take full advantage of
Getting Users to Use HP Desk on a Regular Basis
more advanced productivity gains. Interfacing batch jobs
Usersare accustomedto checking their paper in-baskets to HP Desk,letting HP Desk do manual chores,and setting
on a regular basis,and since EM sendersdepend on EM
up special HP Desk user namesfor specific tasksare Some
receivers to read their mail, it is critical that EM users
of the myriad possibilities.
asdumeresponsibilityfor signingon to HP Deskon a regular
basis to check their electronic in-basket.At a minimum,
V. Implementing and Running HP Desk
usersshould sign on threetimes a week.For many newcomat an Entity
ers to EM, regularly signing on is a whole new behavior
that must be learned,and it is up to the OAC to help instill
this new, required behavior. The following actions may
This section of the paper discusseswhat is involved in
help achievethis objective.
implementing and running HP Desk at an entity. It offers
Teaching Messages.One LMC created ten teaching mesguidance on such topics as starting a pilot project, intrasages,each describing a different feature of HP Desk. Every
entity networking, and operational standards and convenmessageasked the recipient either to reply or to perform
tions.
someother action (suchas file it in a newly createdfolder).
This section of the paper is largely based on OUG's exEvery time a new department of users was added to the
periencesin implementing and running HP Desk at HP's
local network, this LMC would send a new teaching mesCorporateOffices since February of 1982. The number of
sageeach day to each new user, for ten days.The teaching
HP Desk users at the CorporateOffices has grown to over
messagesnot only served to inform users of various HP
1700in February1986.During the sameperiod, the number
Desk functions, but they also coaxed new users into the
of HP 3000s on which HP Desk is installed has grown to
habit of signing on to read their mail at least once a day.
27, and the number of messagessent outside the Corporate
Monitoring Sign-On Frequency. The HP Desk maintenance
Offices has grown to over 59,000a month.
report details a number of statistics,among which is the
user sign-onrate.For eachuser local to a specificdatabase,
Getting Started-lmplementation Checklist
the report gives the date and timestamp of the last sign-on,
There are six major actionsto take in HP Deskimplemenwhich tells the OAC who is signing on regularly and who
tation at an entity. They are:
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Choosingthe implementation and support team
Choosingthe pilot group
Planning the local entity network
Addressing operational issues
Expanding the user community
Promoting the use of HP Desk.

Choosing the lmplementation and Support Team
Four major roles must be addressedby the HP Desk implementation and support team. They are: creation of the
implementation plan, administrative support, technical
support, and user support. This does not mean that four
people are necessary.The size of the Corporate Offices
team has ranged from one to three persons.A two-person
team has worked best, with one person assignedtechnical
and administrative support (the equivalent of the LMC),
the other assignedusersupport (the equivalentof the OAC),
and both members contributing to the implementation
plan. In a smaller entity one person would have been sufficient. Briefly, the responsibilitiesof the implementation
and support team include:
1. Implementation plan. Members of the team should
createa plan addressingthe six areaslisted above(covered
in more detail in this sectionof the paper).The plan should
document the implementation stages,including the expected time to completion. As implementation proceeds,
the plan should be updated to reflect new action items and
goals.
2. Administrative support. This role has daily requirements,and as the entity's network grows,this role becomes
more time-consumingand more critical. Specific goalsinclude: ensuringthat tIP Deskis availableto users,monitoring messagedelivery, monitoring GeneralDelivery, checking administrativereports,keepingdatabasesin synchronization with the rest of the network, and preparing a disaster
recovery plan.
3. Technical support. This role requires someonewith a

strong technical background including knowledge of the
HP 3000, Image, Query, and DS and NS. This person will
be called upon to solve problems,resolvedatabasecorruptions, and install softwareupgradesas needed.Local technical expertise ensures a more reliable enti.ty network'
4. User support. This person will train new users and answer user questions. The most important function is to
educate the user community on how to use HP Desk to
increaseproductivity.
Experience with HP Desk has shown that it is critical to
commit the proper resourcesto supporting it. HP Desk is
a production system and must be treated as such.
Choosing the Pilot Group
One component of the implementation plan should be
a pilot phase,allowing support personnelto gain controlled
experiencewith severalsmall groups of users.
A suggestedprofile of a pilot user group is as follows:
r Strong communication ties
r Combination of secretaries,managers,and professionals
r Twenty to thirty users
r Accessto terminals or personal office computers
r Interestedand able to devote time to the proiect
r Minimal training needed.
The most important consideration in choosing members
of the pilot goups is their communication paths. Groups
should be chosen that need to communicate with each
other. It is also important to look at hardware availability,
enthusiasm, training needs, and the extent of management
participation. Users generally do not like to go to shared
workstations to read their mail. They much prefer to have
their own workstations. While this may not always be possible, it should be kept in mind. It is also important to
choose groups that want to participate. Choosegroups that
are excited about the product and that can act as "ambassadors" during the expansionof the user community' The
pilot phase is a learning time for the support people as

64,44,40 and lll Represent
HP 3000 Series Models

Fig. 10. ln the original computer
networkat HP'sCorporateOffices,
the two HP 3000s in the center
acted as gateways to the companywide HP Desk network.

43
HEWLETT-PACTNNO..IOURt'tnI
SEPTEI\,4BER'1986

well as for the users chosen. A group that is already familiar
with using terminals, Iogging on to the HP 3000, and running programs makes training a much easier task. Finally,
make sure the group's managers are involved. Their support
is very important and helps ensure a smooth implementation. Their example as users is invaluable in getting other
members of the group started.
The pilot phase should continue for a predefined period
of time. Success at this stage will establish user community
support for later phases. Build on that success and save
the less receptive groups for later.
Planning the Local Entity Network
Before user community expansion can begin, members
of the HP Desk team must look at networking options and
know which departments use which HP 3000s. How mailnodes will be named must also be decided. At this stage
it is essential to work closely with the EDP center. OUG is
not part of the Corporate Computing Center (CCC), but it
has worked with CCC and adjusted plans based on their
input. Many decisions related to network topology and
operational issues were made jointly or were based on established CCC policies and procedures.
If HP Desk is to be used effectively and fully, it is important to integrate it into each person's daily work. One of
the most useful features of HP Desk is the ability to send
any HP 3000 file, but to take best advantage of that feature,
HP Desk must be installed on the user's home HP 3000.
Users usually dislike having to use one HP 3000 for most
of their work and another for HP Desk.
When HP Desk implementation began, there were many
groups that did not use any HP 3000; HP Desk was to be
their first application. The original plan was to put most
users on the same HP 3000. The HP 3000 chosen at the
Corporate Offices for new corriputer users quickly became
overloaded. HP Desk response time and session slots were
problems during peak periods such as early morning, right
after lunch, and midafternoon. Everyone wanted to read
messages at the same times. It soon became evident that
HP Desk would have to be installed on most HP 3000s,
with new computer users distributed among them.
Only one mailnode is necessary per HP 3000, but early
in the implementation process, OUG decided that as each
group was added, it would be given a unique mailnode. It
was decided to assign two-digit numeric sublocations, with
the first digit signifying the functional area the group reported to. (Mailnodes in HP Desk consist of six characters
indicating a location-an
entity, in HP's case-and two
characters indicating a sublocation, i.e., XXXXXX/XX.) For
example, sublocations in the 30s are in personnel, in the
50s in marketing, in the 70s in administration, and so on.
As implementation proceeded, one could check against a
list of all departments and judge the progress to date. Giving
each group its own mailnode has also proved essential in
the follow-up process. Each mailnode has a contact person
that OUG communicates with frequently and regularly.
Until about mid-1984, there were virtually no network
topology options. CCC had connected the HP 3000s in a
fairly linear manner with hardwired links, as indicated in
Fig. 10. When a new group was added, the HP 3000 they
used had to be directly connected to another HP 3000 al-
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ready running HP Desk. This product requirement, coupled
with the network design, influenced the order in which
some groups were added. In one case it was necessary to
install HP Desk on an intermediate HP 3000, running the
Transport module only, to connect HP 3000s farther back
in the chain. No local mailnode was added there for several
months.
In CCC's original network (Fig. 10), the two HP 3000s in
the center, both laser print stations, became the center of
the Corporate Offices HP Desk network. Both have connections to other parts of the network, outside the Corporate
Offices, through HVR and X.25; they are the entity gateways. Originally, HP 3000s on one side of the network in
Fig. 10 sent their messages out through one gateway, while
those in the other half of the network sent their messages
out through the other gateway. With this topology, minimal
alternate routing was feasible. If an HP 3000 in the center
of the network went down, one half of the network was
cut off from the other half. Messages traveling from users
on one HP 3000 had to make many intermediate stops to
get to their destination and delivery times within the building were barely acceptable.
About mid-1984, CCC installed an X.2b switch, enabling
each HP 3000 to connect directly to every other HP 3000,
as indicated in Fig. 11. The routing on each HP 3000 was
changed so that some HP 3000s use one gateway and the
rest another, so the load between the gateways is reasonably
balanced, and each Corporate Offices HP 3000 is directly
connected to every other Corporate Offices HP 3000 for the
delivery of local mail. The local entity network is currently
evolving towards HP's IEEE 802.3 local area network, a better
and more appropriate means for local networking.

AddressingOperationallssues
From the user'spoint of view, the successof HP Desk
implementation depends on operational success. Their
most important criterion, against which the HP Desk team
is always judged, is HP Desk availability. The goal at the
Corporate Offices is to have HP Desk available by seven
o'clock in the morning. It is met about 90% of the time.
HP Desk is then available until the HP 3000s are taken
down at night for system backup.
Operational issues cover more than just availability. Each
entity must plan for daily report checking, data base backups, security, and disaster recovery. When HP Desk was
installed on a small number of HP 3000s, the support team
logged on to each one every morning to check the current
status. The present network size makes that impossible.
Depending on departmental contacts to point out problems
was not consistently reliable. The procedures now in place
work very well. Before seven o'clock each morning, the
operators on grave shift have a checklist to complete. They
are to check whether or not HP Desk is running on each
machine and make any necessary comments. Additionally,
a job is run each morning that mails a message to the technical and administrative support members of the HP Desk
team. When the message is received, it is known at what
time HP Desk became available to users by checking the
creation time of the message. It is a double-check against
the operators but also an alert for network problems. If the
operators have checked off that HP Desk is running but no

messagewas received,it is a signal to investigatethe link
between the two HP 3000sin question.
To assure uptime during the day, the startup procedure
of each HP 3000 runs a job that starts HP Desk with a
minimum of human intervention' The first time the
machines are brought up in the morning, each system runs
an HP Desk maintenancejob. This job storesthe data base
onto tape. This data basebackup is essentialin the event
of unrecoverableproblems, The data base also exists on
the system backup tapes, but having both the system
backup and the data basestore tapes ensuresthat at Ieast
one set is accurately labeled and free of errors. It is also
much faster and easierto restore from a single tape containing only files related to HP Desk rather than from multiple
tapes containing copies of all system files. Each data base
store tape is kept a minimum of seven days, according to
the requirements of HP's internal auditing department. The
maintenance job also checks the data base for corruptions
and purges those items a user has previously marked for
deletion. Running this job daily is the only way to ensure
that the data base is kept error-free. Depending on the size
of the data base,this job may take from one to several hours
on a lightly loadedHP 3000.If a systemshould crashduring
the day, it is necessaryto run HP Desk'srecovery program
to make sure no items in the data base have become corrupted. This job completes its checks and has HP Desk
running again in under five minutes.
The shutdown procedureof eachHP 3000 has a job that
cleanly turns HP Desk off. This is used in the event of
planned downtime as well as each evening,before the HP
3000sare taken down for systembackups.The shutdown
job createsa disc file with information about any messages
that may not have been delivered yet. That disc file is
copied into the messageeach system sends the support
team in the morning. The morning messageis createdby

iobstreamswritten to help automatethe administration of
the Corporate Offices network. MAILoNcommands have
beenadded at the end of the maintenancejob and recovery
program so no intervention is required to get HP Desk running again once the jobstreamshave completed. As more
people want to accessHP Deskfrom home and while traveling, uptime becomesa more important issue.
Each time the maintenancejob runs, administrative reports are produced that must be checked on a daily basis;
ioing this takes five to ten minutes per Hi' aooO.What
needs to be done includes:
1. Checking the data base item count summary for any
corrupt or patcheditems. Any items that could not be handled by the maintenancejob are looked at by the technical
support person.
2. Checking the In Tray of General Delivery to see if any
new messageshave arrived. If so, log on and forward them
to the proper recipients. A jobstreamhas been written to
print and then delete General Delivery messages,but it is
preferable that the recipients receive them in electronic
form.
3. Ensuringthat datasetshave adequatecapacity.HP Desk
uses Image,and it functions best when data setsare under
approximately 7O%of capacity.
The five to ten minutes per HP 3000 per day is time well
invested to ensurethat all messagesget properly delivered
and that the data basehas adequateroom for new items.
Security
The HP Desk databasehas passwordsin it allowing each
HP 3000 to log on to others to deliver messages.It also
contains all data pertaining to the local users on that HP
3000.Hencesecurity is an especiallyimportant issue.Each
CorporateOffices HP 3000 has a unique set of passwords
and luALDB.
for the account,user MGR,and groups MAILJOB

Fig. 11. The presentnetwork at
HP's Coroorate Offices can connect every HP 3000 dircctly to
every other HP 3000 in the local
entity network. There are still two
gateway HP 3000s to the companywide network.
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It also has lockwords on the configuration and utility programs. These passwords are changed regularly, and access
to them is limited. HP Desk user passwords are another
important element of security. Each user's password is kept
encrypted in the data base. On a regular basis, a job is run
that produces a list of all users who do not have passwords.
The support team then follows up to make sure passwords
are added and that users understand their role in protecting
data and themselves.
One final area of operational concern is disaster recovery.
In December 1984 the HP Desk team wrote a disaster recovery plan for HP Desk at the Corporate Offices. The plan
assumes operational support and is integrated with the
disaster recovery plan for the entity. It begins with a definition of an HP Desk disaster in terms of system downtime
or backed-up messages. For each type of disaster (shortterm, intermediate-term, or long-term), necessary and
appropriate steps to recovery are included. There have been
a few times when it has been necessary to activate the plan.
Having specific steps listed with home and work phone
numbers of the recovery team has saved much data and
time. An important facet of the plan is user notification.
When there is a disaster, a message is sent to each departmental contact person, who then disseminates the information.

Expandingthe UserCommunity
Whentime comesto expandthe userbasebeyondthe
pilot users, there are several options. Everyone can be
added at once (a support nightmare and not recommended).
Expansion can address horizontal layers of the organization
working from the top down or the bottom up. Expansion
can also proceed through functional areas such as all of
marketing and then all of administration. Or expansion can
follow some combination of the above approaches. Corporate Offices followed a combination approach. Part of the
pilot group had been top-level executives. Once they felt
comfortable using HP Desk, implementation trickled down
to the management levels below them. At the same time
expansion was going from the top down, it also proceeded
through one functional department at a time.
Full-scale expansion of the Corporate user community

began in October 1982. After adding two groups beyond
the pilot community, a memo was sent to all Corporate
managersand supervisorsdescribingHP's overall messaging strategy,HP Desk'smost important features,and training options. A list of current HP Desk users was also included. The memo explained that the HP Desk implementation team would be contacting each group in turn, but
that priorities were flexible to accommodatevolunteer
groups. As hoped, user demand drove additions. A few
adventurousgroups called immediately, and these people
were added as registeredusers first. The objectivewas to
begin by adding groups with the highest probability of
successfirst. That included groups with the following desired (although not required) characteristics:
r Communication needsnot being met with current alternatives
r High ratio of terminals to users (one to one is ideal)
r Some previous experiencewith other OA utilities
I Adequate printing resources
r Adequate disc spaceon the HP 3000
. Expressedinterest in using HP Desk
I Managersand supervisorswilling to use the product.
Before any group was added, its managerwas asked to
identify a departmentalcontactperson.It was stronglyrecommended that the contact go through both the beginning
and the advanced HP Desk classesbefore anyone in the
group was added as a user.This was to help ensurea group
expertand thus alleviatefuture supportburdens.The group
was evaluated and appropriate resourcedecisions made.
Did users have enough terminals? Were they willing to
share?Did they have accessto printers?The group's training needswere also evaluated.Did usersknow how to log
on to the HP 3000?Had they used any programsbefore?
Did they need a customizedclass?Could they teachthemselveswith the help of the ITF? Another important piece
of information was the list of other departmentseachgroup
worked closely with. That was used to help guide implementation.It was important to add next the groupsusers
needed to communicate with. Communication paths are
as important during full-scale implementation as during
the pilot phase.
Before the group was actually added to HP Desk, a
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Easy to
Learn, Use
(HP Desk)

Not Easy
to Learn
(HP Desk)

Not Easy
to Use
(HP Desk)

Fig.'12. Changesin HP Desk use
among HP Corporate Offices
executives.

member of the HP Desk team made a presentationto its
members.The presentationcoveredHP Deskfeatures,what
each HP Desk tray is used for, examples of some of the
screens,HP's overall messagingstrategy,and the Corporate
Offices implementation strategy.This allowed for answering any questions and introducing the support person.
Once the group had been added,the HP Desksupport team
would send each member of the group a training message
daily for 10 days.
Promoting the Use of HP Desk
Among the most important steps of the implementation
plan is creatinga follow-up plan. The real challengein HP
Desk implementation does not lie in adding more user
groups but in getting existing users to sign on faithfully to
read and reply to their messages.Using HP Desk means
establishingnew work habits.Groupsshould not be added
and then ignored.After a specifiedperiod of time (usually
four to eight weeks), it is important to check with the departmental contact and other group membersto make sure
they are using HP Desk, know the basic features,and can
print messagesto their favorite printer. Often, new users
need help setting up user-defined commands (UDCs)to
make the program easierto run. It is also necessaryto let
everyoneknow of newly added user groups.
From the beginning of implementation, the Corporate
Offices' HP Desk team has followed up with each group.
On a regular basis, information from the maintenancereports is logged.For eachuser,a check is made of disc space
use, last sign-on date, and Calendar/Diaryuse. That information is shared with the departmental contact who can
then pass it on to others. The follow-up is one way to
measureuse of the product.
The successfulimplementation of HP Desk at the Corporate Offices is exemplified by its widespread use among
managersand executives.In April 1984,a survey was conducted among the Corporate Offices top-level managers

r

and executivesto assesssuch use.The surveywas repeated
one year later. Fig. 12 summarizesthe results of the two
surveys. Percentagesin the graph are derived only from
the questionnairesreturned in each instance(slightly over
halfl and therefore are not strictly comparable.
HP Desk is also being used innovatively by severalcorporate departments. The accounting department disiributes targeting and expense information to all corporate
managersand supervisors.Formerly,stacksof reportswere
printed, collated, and distributed, costing severalpersondays of work per month. That processwas automated with
HP Desk. The reports now stay in their electronic form and
are copied into HP Desk for mailing. Reports reach their
destination faster than before and a number of person-days
per month have been saved. While phasing in the new
procedures, the accounting department worked closely
with many managers,even giving them individualized HP
Desk instruction. This project also motivated many groups
to be added earlier than they might have been otherwise.
CCC has a special HP Desk user called ccc REGISTRAR.
Anyone interestedin the classestaught by CCC can send
a messageto the registrar for information concerning class
content, scheduling, and fees. Telephone interruptions
have dropped dramatically. There is still no electronic
equivalent for a signature,so a paper form signed by the
prospective student's supervisor is required before final
enrollment.
The facilities site servicesdepartment also has several
special HP Desk users.Through one, it is possibleto order
refreshmentsfor a classor meeting.The refreshmentcoordinator files requestsin the Calendar/Diary and then prints
the day's work ordersfrom it. Paperworkhasbeenvirtually
eliminated. To another special user, messagescan be sent
regarding everything from light bulb replacement to electrical wiring projects. Appropriate work orders are then
createdand scheduled
In the San Francisco Bay Area, the treasury department
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keeps a list of people whose checks have bounced at the
petty cashdepartment.Formerly,the list was typed monthly
for eachBay Area division, then copied, stapled,and sent
through interoffice mail. The information is now consolidated and distributed through HP Desk. Not only is it received much faster, but it is possible to track delivery
through the use of acknowledgments.The information is
now much more secure;only authorized individuals have
accessto an HP Deskmailbox. The departmentalsocollects
worldwide investment data from foreign entities. Using
iobstreams,files of outstanding investmentsare automatically sent to the CorporateOffices through HP Desk.Information is received in a timely manner and in a format
ready for additional processing. Maintenance of these
jobstreamsis easyfor the foreign entitiesbecausethe users
understandthe HP Desk dialogueand can make any necessary modifications.Lastly, a memberof HP's Genevatreasury departmenthas developeda foreigncurrency exchange
rate systemusing HP Deskand a spreadsheetsoftwarepackageon the HP 150 PersonalComputer.The currency information originates at the Geneva treasury department and
is mailed out to HP's officesin Europeancountriesand the
CorporateOffices.It is automaticallydownloadedto an HP
1.50,where it updatesa spreadsheet.This information can
then be used to generategraphsautomaticallyfor the spot,
accountin.g,or cross rates for European currencies.This
eliminatesthe need for severalcountry officesto track this
information, manually produce charts, or reinput data.
Growth Phases
The growth in both the number of users and number of
HP Deskmessagesprocessedproceedsthrough severaldistinct phases,as shown in Fig. 13. Fig. 13 goes through
March 1985, when the user population beganto stabilize
at about 1700 users.Messagevolume has continued to increasesince then, although not so sharply as before.In the
first phase,a baseof usersand support experienceis established. This is followed by a period of explosive growth.
As new usersareaddedand theybecomecomfortableusing
HP Desk, the number of messagesprocessedalso grows,
though this growth lags the addition of users by several
months.Finally, there is a period of maturity. The addition
of usersslows, while there is continued and steadygrowth
in messagevolume.

Myths
In closing, it would be useful to deny some HP Desk
implementation myths. First, HP Desk is not a typical OA
utility. It is not like HP Draw or HP Slate,utilities that can
be installed and then forgottenuntil the next softwareupgrade. There are daily support responsibilities that must
be addressed,and implementation is much more involved.
Second,HP Desk should not necessarilybe limited to one
HP 3000 at each entity. HP Desk installation should be
distributed among the HP 3000sthat usersare assignedto
for all their other work. Third, HP Desk doesnot severely
impact the performanceof other programs.It takesjob slots
and disc space,but HP Desk users primarily impact their
own responsetime, not that of other programson the HP
3000. Fourth, all users should not be added at once. For
the implementation team to handle the early support load,
phasedimplementation is essential.This also ensuresthat
the product is used appropriately. Fifth, the maintenance
job should not be run weekly, but daily. A good backup
for critical data is essential.Finally, secretariesshould not
necessarilyread their manager'smail. It is feasible and
desirablethat managersmanagetheir own messages.
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