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Advanced MultilingualComputerSystems for MeasurementAutomationand ComputerAided Engineering Applications, by John L. Bidwell and David W. Palermo Two new,
powertut desktop computers provide fasterperformance,a choice of programming languages,
g raphics, and internal rnass storage for computer-aided engineering.
Hardware Design for an Integrated Instrumentation Computer System, by Don D.
Stewart, Robert J. Horning, Ken L. Burgess, Ronald G. Rogers, and James W. Mcfucas
Thisdesktopcomputerdesign is centeredarounda f ast 16-bit microprocessor and integratedCRT
display and flexible disc storage unifs.
l/O Philosophy and Architecture for Instrument Control, by Loyd F. Ne/son A nonstructured approach provides a new series of llO cards that have improved performanceat a
lower cost.
Low-Cost Printers for the 9826A and 9836A Computers, by MichaelJ. Sproviero Ihese
thermal printersprovide quality hard copy of text and graphics for HP's newest desktop
computers.
The 9826A/9S16A Language Systems, Kathryn Y. Kwinn, RobertM. Hallissy,and Roger E.
lson BAS/C, HPL, and a powerful versionof Pascalcan allbe used by a single 98264 or
9836A ComputerSystem.
Data Communications for the 9826A and 9836A Computer Systems, by Carl M.
Dierschow and Robert P. Uhlrich The serial data communications interface handles many
asynchronousprotocols and drives a varietyof RS-232-Cperipherals.

In this Issue:
The HP desktopcomputeron the coverof this issueis showingyou itsengineeringgraphics
capabilityby displayinga diagramof a systemthat its owner might be designing,or that it
might be controlling.The computer,Model 9836A, and its smaller-screen,single-flexibledisc-drivecousin, Model 9826A, are the subjectsof this issue. These two new desktop
which has
computersare state-of-the-art
descendantsof the HP 9825 Computer/Controller,
been HP's top system controllersince 1976. Over 28,000 customersnow own 9825s.
Peoplelikedesktopcomputersbecausethey'refriendlyand dedicated,and thesetwo new
onesare no exceptions.Butwe've learneda lotsince 1976. Usingthe latesttechnology,these
new computersare up to fivetimesfasterthanthe 9825.They can speakthree programminglanguages-HPL,
BASIC, and Pascal-instead of just HPL. And they have much larger memories-up to two millionbytes, or
characters.They'realso reliable,havingbeendesignedthat way and strife-testedto assurea low failurerate.
Both of these powerfulmachinesmake excellentcontrollersfor automaticmeasurement,test, and control
systems.The 98364, with its largerscreen,is especiallygood for computer-aidedengineering,which means
helpingengineersdesign and developnew productsor systems.The computercan do simulation,prototype
testing,productionof engineeringdrawingsand printedcircuitboardlayouts,softwaredevelopment,and report
generation.
An unusual feature of the new computersis the knob, a rotary control on the keyboard.When editing
programs,the user can spin the knob to move the machine'sattention rapidly to the item of interest.ln
computer-aidedengineeringthe knob can be used to change a parameteror componentvalue while the
computersimulateshow the product'soperationwill changeas a result.In systemcontrolthe knob can be used
for many things, such as varyingthe speed of a motor.
The articleon page3 will introduceyou tothe 98264 and 98364 Computers.Articlesabouttheirhardwareand
softwaredesigns,how they interfacewith peripheraldevicesand instruments,and how they can communicate
withothercomputersare on pages7,17,24, and 33.A newthermalprinterfamilydesignedto workwiththemis
describedon page 22.
-R. P. Dolan
, ancy S Vanderbloom
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AdvancedMultilingualComputerSystems
Automationand
for Measurement
EngineeringApplications
Computer-Aided
and control,
Developingand runninga tesf,measurement
is mucheasierif you
engineeringsystem
or computer-aided
havethe right tool.Thesecomputersysfemsare designed
specificallyfor such use.
by John L. Bidwell and David W. Palermo

ESKTOP COMPUTERS have provided scientists,
engineers, and other noncomputer professionals
with the ability to solve computation and instrument control problems in a timely and relatively painless
way. The new HP Model 98264 and 9836A Computer Systems (Fig. 1) are fourth-generation desktop computers that
blend traditional desktop computer friendliness, powerful
computer features, and a state-of-the-art microprocessor
.

with a choice of three programming languages. All of these
ingredients take the best of the evolution of desktop computers and add the price/performance advantages of the
latest technology.
The 98264 has a 178-mm-diagonal CRT (cathode ray
tube) display and a built-in 5.25-in, 264K-byte flexible disc
drive. The 98364 has a 310-mm-diagonal CRT display and
two built-in 5.2S-in, z6+K-byte flexible disc drives. At the

il*r'*-*-,il*ff*,
Fig. 1. Ihe HP Model 98264 Computer Sysfem (left) is a multilingualhigh-performanceinstrument controllerwith built-in display and masssforage capability. TheHP Model 9836AComputer
System(right) is a large-screen-displayversion of the 9826A with added internalmass storage
capability. /t supports the same languages as the 98264 and is designed for applications
requiring additional graphics and computer-aided design features.
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98264 versus 9836A
The98264isdesignedto be the premiercontroller
of the 1980s,
replacingthe 9825, the past standardof performancein instrumentcontrol.The98264 is rackableand/orstackable,designed
to be visuallycompatiblewithotherHP rack-mountinstruments,
and has a high degreeof internalperipheralintegration
withina
packagethat is only 18 cm high, The built-inHP-IBinterface,
clock, knob, and graphicsare all capabilitiesneeded by most
instrumentcontrol systems.
The 98364 is a large-screenversion of the 98264 with two
internalflexibledisc drives.Computer-aided
engineeringis the
targetmarketfor this new machinealthoughit is equallycapable
as an instrumentcontroller.The powerfularchitectureof the
98264alsoservesthe 98364whilethe largerscreenand second
disc drive facilitateprogramming,graphicsdisplayand mass
storageoperationsinvolvingmorethan one medium.The differences betweenthe 98264 and the 98364 are limitedto careful
changesin the displayand massstoragesubsystems.
All of the
other hardwareand softwarefeaturesare the same for both systems.
In addinga seconddisc driveto the 9836Athe primarygoal
was to maintainhigh-speedaccess,especiallyin the case of
disc-to-disc
transfers.
Twodesignpathswerepossible.
Theexisting bus betweenthe disc controllerboardand the firstdisc drive
could havebeen extendedto the seconddrivein a daisychain
fashion,Withthis configuration,
two problemswouldbe encountered.First,monitoringmediachangeson bothdriveswouldnot
be possible.Second,whenthe driveselectis changeda delayis
incurredin waitingfor the selecteddriveto becomeready.
Insteadof daisy chaining,a seconddrive cable was added.
This permitsseparatemonitoringof media changesand readiness for the drives,with the rest of the controllerlogic being
shared.Wlththis design,media changescan be monitoredby
softwareand the drive selectcan be changedwithoutwaiting.
-Steve Chorak
-Jon Rubinstein

heart of both computers is a 68000 microprocessor chip
interfaced to a 100-pin memory and I/O (input/output) bus.
Also standard is a keyboard with ten (20 with shift) userdefinable softkeys, a built-in HP-IB* interface, a real-time
clock, a programmable beeper, and a graphics display system (400x 300 pixels for the 9S264, 512 x 390 pixels for the
9836,\). In addition to the standard ASCII** character set,
keycap labels and character sets are available for French,
German, Katakana (Japanese), Spanish, and SwedishFinnish.
A knob on the upper left-hand corner of the keyboard
provides both programmers and operators an input device
with an analog feel. When editing programs, this device is
connected internally to the CRT display's cursor for scrolling program lines or moving the cursor to a particular
character within a line. Information about the knob (direction and amount of rotation) can be obtained by program
statements and used to control instruments (e.g., gang-runing a synthesizerianalyzer combination) or computations
(e.g.,adjusting a component value in an active circuit while
continuously plotting the frequency response).
'Hewlett-PackardlnterfaceBus, HP's
mptementa|onof IEEEstandard488 (1978).
'*Amercan StandardCode lor informationInterchanqe.
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ProgrammingLanguages
The 9826A and gBS0A Computer Systemscan be used
with any of three programming languages-BAslc, HPL,
and Pascal(seearticle on page 24).
BASIC provides an enhanced capability set to serve a
variety of customersfrom first-time users who appreciate
simple BASIC constructs and friendly program development to advanced programmers who appreciate fast,
sophisticatedfunctions and subprogramsand the unified
I/O and massstorage.Unified I/O meansthat all I/O operations appear to be the same to a programmer and can be
easily redirected to different devices(e.g.,to a printer or a
disc file; from an instrument, keyboard,or disc file).
HPL is a very compact and efficient algebraicIanguage
first used by Hewlett-Packardon the 9820 and later on the
9825 DesktopComputers.The version used in the 9826A
and 9836,\ provides a high degree of compatibility with
existing 9825 programs,files, and interface capabilities,a
significant improvement in execution speed,and several
new HPL features such as a full-screen editor, CRT
graphics,real-timeclock, and accessto the knob functions.
Pascalis a highly structured,modular programming language that provides compiled speed and program development contributions not found in other Pascal implementations. Pascal programs are directly compiled to
68000link form and are automaticallylinked by a librarian
routine which makes it easyto put together sophisticated,
modular systems.
The 98264 and gggoA offer users a flexible set of programming language choices: each language is capable of
running on the mainframeand it is possibleto order another
languageas an add-on capability at any time. To provide
more user flexibility, some of the languagesare available
"hard" in ROM (read-onlymemory) as well as "soft" to be
loaded into RAM (random-accessmemory). For instance,
userswho intend to write most of their programsin BASIC
but occasionallyuse HPL are able to purchasehard BASIC
and soft HPL. The wakeup configuration of the system is
determined at power-up by a small ROM (called the boot
ROM). After initializing the computer and performing
memory tests, the boot ROM determines which language
systemto wake up. In the 98264 and 9836,t, soft language
systemssuch as Pascalhave precedenceover hard systems,
so the first item of business is to check for a disc in the
flexible disc drive. If a disc is installed, a front-to-back
searchofthe directory is madeto seeif thereis a systemfile.
If one exists and has a file name beginning with SYSTEM_
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Fig.2. Program listingin BASICof benchmark program used
for obtaining data given in Table L

Table I
Benchmark Performance
Total Execution Time (in seconds):
9825
HPL
7'1..48

98264/9836498264/983643826A/9836A
HPL
BASIC
Pascal
----Interpreted-------------------(Compiled)
3.52
6.S5
0.91

NOTE: Each language used the "best" features available. BASIC and Pascal are capable
of running this program using integer math for variable L (the FOfuNEXT loop counter):
these are the times shown. HPL used multiple statements per line wherever possible. Two
other numbers for BASIC have been run: 4.01 seconds using a 6,1-bit floating"point real
variable for the loop counter, and 2.59 seconds using integer scalar variables {A,K, and
L) and integer math wherever possible (including

integer divide

(DIV) instead of

phanumeric screen width, the graphics size, and the internal disc configuration corresponding to whether the product is a 98264 or 98364. This provides the language systems with the necessary information to configure themselves for either of these two products.
In addition to friendliness, excellent I/O, and graphics,
fast execution speed was one ofthe goals for each language
implementation. Table I shows the total execution time for
each 9826A/9836,{ language configuration fas well as the
9825) when running a simple benchmark program.l (We
have only shown the listing of the program in BASIC in Fig.
2. However, it represents the algorithm used by all of the
languages).

floating-point divide[/) in line 60).

this soft systemis loaded into RAM and given control. If no
systemfiles are found on the disc (or no disc is installed),
the boot ROM searchesfrom low memory towards high
memory looking for the ROM header of a languagesystem.
If it finds one, it continues searching(on 16K-byteboundaries) to see if there is more than one hard system.If only
one hard systemis found, this systemis given control and
the computer wakes up in that language.If more than one
hard languagesystemis found, the useris given a choice of
which one to turn on. For example, if BASIC and HPL are
both installed in ROM, the userrespondsto a prompt with B
for BASIC or H for HPL. If no hard or soft languagesystemis
found a messageis displayedindicating this fact;the user is
told to push RESET(SHIFTPAUSE)to try again.
Besidesthis procedure,the boot ROM also interrogates
the hardwareand setsup a hardware-attributetable for use
b y t h e l a n g u a g e s y s t e m s .T h i s t a b l e d e f i n e s t h e a l -

Versatile Backplane
The backplane of the 98264 and 98364 has eight useraccessible slots. Up to four (every other oneJ of these slots
can be used for any of the many high-performance interface
cards that are available (seeFig. 3). The remaining four slots
can be used to install RAM, ROM. and/or DMA tdirect
memory access)cards.
The interface cards (see article on page 17) include the
HP-IB card which is essentially identical to the built-in
HP-IB port and can be used in conjunction with a dual-port
DMA (direct memory access) card to provide data transfer
speeds of 200K bytes per second and a complete IEEE-4BB
implementation. The 16-bit parallel GPIO card provides all
functions implemented on its predecessors and supports
DMA rates up to L.5 megabytes per second. A high-speed
serial card with on-card buffering and a 19,20O-baud transfer rate handles many asynchronous protocols and the
Hewlett-Packard Distributed Systems Network Datalink
(DSN/DL) protocol. Also available are an RS-232-C card

Fig. 3. The backplane of the
9826Aand 9836Amainframesaccommodates up to four IIO interfacesandfour RAM,ROM,orDMA
cards in addition to the internal
HP-IB.
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designed to interface terminals and printers, and a BCD
(binary-coded decimal) card for reading information from
bit-parallel BCD instruments.
l/O Performance
Important operations for controllers include the ability to
do short I/O transactions quickly with a minimum of overhead (such as outputting a short alphanumeric string to
select a channel on a relay scanner, or entering a reading
from a voltmeter). One of the tests made to determine the
effectiveness of the implementations was the Nelson
Benchmark (see Fig. 4) named after our lab manager Jerry
Nelson, one of the inventors of the HP-IB, who devised the
experiment. The equipment consists of an HP 3437A Systems Voltmeter, a 3495A Relay Scanner, and a 98264, Computer System. The voltmeter/scanner combination measures the voltage at each node of a biased resistor stick [tO
resistors of equal value connected in series). The execution
time required to determine expected values, measure the
network, and check each measurement against a limit is
listed in Table II for each language configuration.

to sit on top of the mainframe (see article on page 22).In
addition to raster-dot graphics dump supported on the
9876.4., 267lG and 2623A printers, high-quality vector
plotting can be accomplished on the 7z2SA and 987ZB|C
X-Y plotters, and graphical input is supported from the
9111,t Graphics Tablet. Current disc support includes the
HP 82901 (dual drive) and B2g0z (single driveJ 5.25-in
flexible disc drives, and the SBgbA B-in flexible disc drive
(for both single-sided and double-sided discs).
Applications and Utilities
Many application programs are available for these computers and many user programs can be adapted from other
computers. BASIC utilities are available to do disc backup,
cross reference, and secure a program from listing. A training disc demonstrates the machine's capabilities. Programs
to translate focm other HP implementations to 9826,4./
98364 BASIC are available. Applications for BASIC include a complete statistics package, a program management
package, and VisiCalcrM.
VlsiCalcs a trademarkol VisCorp.

Tablell
NelsonBenchmarkPerformance
Execution Time (in seconds):
9825

98264/98364 98264/9836A 9826A/9836A
Pascal
HPL
BASIC
----Interpreted-------------------- (Compiled)
0.092
0.077
0.038

HPL
0.113

NOTE: The timed portion (Fig. 4l is the call to "Get readings" and the loop contained in
lines 130 through 170. The time for compiled Pascal includes some hand-tuning of the
measurement calls and a specially written routine to convert the DVM readings into
integer form so integer math could be used. This is a good example ofwhat is possible in
Pascal when used by someone who understands the application and can tailor the
program accordingly. tjsing thd standard I/O library, the execulion time for Pascal was
0.11 seconds.

ManyPeripherals
The 9826,\ and 9836,\ have excellentcapabilitiesto control the many hundreds of IEEE-4BB{HP-IB) instruments.
Also, severalimportant peripheralsarefully supported(including full systemtesting). In the hardcopy area,the systems can use the HP 98668. 9876A. 2671,AlGand 2673.4
printers.The new HP 2670SeriesPrinterfamily is designed
I til
lltj
l:i
1:Ll

i

1:rl
' :

l;Lj
1::t1
l lLl
:trtl

llE: I

il': dE

':riF

I ilr.-TIllEIFlil

: _ i : 1

t !

r

r i E

: r r r 1

r

' ; ;

: E

I

F ' . , .

r: fli':

r ;

. : , . ;

"

Fig.4, Partiallisting of the NelsonBenchmarkprogram used
to obtain data given in Table ll.
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HPL has several utilities, including disc backup. Pascal
has utilities as part of the system librarf to do HP-IB instrument I/O, other interface UO, a subset of DGL graphics as
used on the HP 1000 Computer, and mass memory management.
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HardwareDesignfor an Integrated
ComputerSYstem
Instrumentation
by Don D. Stewart,RobertJ. Horning,Ken L. Burgess,
RonaldG. Rogers,and JamesW. McLucas
HE DESIGN GOAL for the HP Model 9826A Computer Systemwas to replacethe 9825 DesktopComputer with a product having twice the performance at about the same price. This meant not only better
than two times the speedof the 9825, but also better than
two times the overall functionality, friendliness, and
reliability. The 98264 has these features,can be operated
with several software languages,and is contained in a convenient package that can be rack mounted or stacked with
other instruments.
A block diagram of the 9826A hardware is shown in Fig'
t. The hardware for the 9836A is similar, differing only in
having a larger CRT and another flexible disc drive. The
CPUused by both systemsis the 16-bit 68000microprocessor. The following attributes made this part an attractive
choice:

Versatile 16-bit-external/3z-bit-internal
architecture
16-megabytelinear addressspace
Memory-mapped I/O
Powerful instruction setwith 14 addressingmodesand 5
main data types
r Seventeen32-bit registemin addition to the 32-bit program count6r and a 16-bit status register
r High-performance,B-MHz operation
r Opportunity for 98264/9S36A family growth as the
68000 family evolves.
The input and output signals of the 68000 are shown in
Fig. 2. The processorstatus bits indicate the state and the
cycle type currently being executed.The 6800 peripheral
control signals are included to allow for backward compatibility when interfacing to 6800-family peripheral devices (e.g.,the 98264 display controller). The system conr
r
r
r

Fig. 1. Block diagram of 9826A hardware sysfern.
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trol inputs are fairly standard with the exception of bus
error. The bus error input B-ffi informs the processor that
there is a problem with the cycle being executed. Upon
receipt, the 68000 aborts the cycle, places information on
the stack regarding the incompleted cycle, and branches to
a software bus error handling routine. In this way an intelligent response to an incompleted cycle is possible. The
addressbus is capableof addressing8 million words of data
and the data bus provides a general-purpose 16-bit data
path. The asynchronous bus control lines supply the necessary handshake to coordinate a data transfer. The bus arbitration control lines determine which device in the system
will be the bus master. Finally, the interrupt control input
lines indicate to the 68000the encodedpriority level ofthe
device requesting an interrupt.
The hardwaresystem'saddressand databusesaresimply
the buffered form of the 68000's addressand data buses.
Except for a few special-purposeadditions, the samesituation applies to the control and interrupt lines.
Memory Map
The systemmemory map is shown in Fig. 3. The first four
megabytesare assignedto systemROM and the boot ROM.
This part of the addressspaceis a synchronousresponse
area. When the CPU board recognizes an access to this
address range, it internally sends a DTACK (data transfer
acknowledge) signal to the 68000 which createsa fiveclock-cycle access.This automatic DTEcx mechanism is
used becauseROMs are synchronousdevices.It avoids the
need for duplicating a fixed-delay or DTACKcircuit on each
of the ROM cards. Instead,this function is centralized on
the CPU board.
Two ROM cards are available: a 128K-byteROM board
with sixteenBKxB ROMs and a 512K-byteROM board with
sixteen 32KxB ROMs.
The next four megabytesare assigned to the internal and
externalI/O spaces.Fig. 4 showsthe bit assignmentsfor the

AddressBus
DataBus

FvW
FC0

iJD-S

FCI

EDs
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\eus *uitration
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1,n,",,u0,
control
J

Fig.2. lnputand outputcontrclsignalsfor the 68000microp/ocessor.
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Fig. 3. Memorymap for 98264and 98364systems.
internal and external I/O accesses.
The four megabytesavailable for I/O are mapped into 32
selectcodeswith 64K bytes of addressspaceeach.Hence,
only two of the megabytesare actually used.Selectcodes0
through 7 are used by internal devices and select codes B
through 31 are used by external devices.The 98264 and
98364 operating systems automatically convert the userenteredselectcodeinto the proper memory address;that is,
for selectcodes0 through 7,bit21 is setto zeroand for select
codes B through 3 1, bit 2 1 is set to one. Thus, if an external
I/O card is set by the user to an internal select code number,
the card will never be addressedby the operating system.
This eliminates the possibility of an external card's trying to
communicate on the bus at the same time as an internal
card.
The internal I/O space is broken into synchronous and
asynchronous portions. The asynchronous portion requires
that the internal peripheral respond with nfaCr in much
the same manner that external peripherals and the read/
write memory card do. Internal peripherals residing in the
synchronousportion ofthe addressspaceusethe automatic
DTAC<mechanism,much asthe systemand boot ROMs do.
However, in this space, the number of clock cycles for
accessby the CPU board is programmable from five to eight
cycles via addressbits t+ and 15.
The next megabytein the addressspaceis used for HP's
internal testing and monitoring. The remaining seven
megabytesin the addressspaceare reservedfor RAM.
CPU Board
The CPU board (Fig. 1) contains two BKxB boot ROMs.
These ROMs contain the 68000 reset, interrupt and other
exception vectors as well as the necessaryinformation to

AutoSelect
Code

Internal Synchronous
0100

0

xxx

DTACK

Select

Begister Select

xxx

x

Address
Bit
Internal Asynchronous
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Register Select

Address
Bir

External
Select Code

Register Select

Address
Bit

Fig.4, Addressbit asslgnments
for internaland externalIIO
accesses.
initialize the system on power-up and begin execution of
the appropriate languagesystem.The 68000 requires that
these two ROMs reside at the very bottom of the address
space(Fig. 3).
The CPU board also contains a 64K-byte block of read/
write memory.This block of memory hasthe novel ability to
locate itself in the address space automatically as the
lowest-addressblock of RAM in the system.This capability
is necessarybecausethe memory addressswitches on the
CPU board are not accessibleto the user. Furthermore,
flexibility requirementsof the system necessitatethat the
CPUboard RAM be relocatableand self-configuring.When
the systemis powered up, the memory block is disabledby
the autolocatecircuit shown in Fig. 5. This prohibits the
memory block from appearingin a random location dependent upon the power-up stateof the D-type flip-flops. Fig.
6a shows the power-up signal conditions for the circuit in
Fig. 5. Should an accessto a memory location occur that
would createa comparatormatch, CSis still disabled (Fig.
6b) until memory-block-selectenable 1WaXzur) becomes
valid (Fig. 6c). This meansthat the operatingsystemis free
to begin accessingmemory for power-up routines.
An early activity for the operating system at power-up is

Fig.6. Timingdiagramfor autolocating
circuitry.
to determinethe amount of availablememory in the system
by beginning to searchat the top of the addressspaceand
then searchingdown until the first vacantlocation is found.
At this point, a bus handshaketimeout RIPCoccurs,indicating that no memory is present to respond. The circuitry
interceptsthis signal and fills this first vacantIocation (Fig.
6c). The memory block controlled by the autolocateelectronics responds and the operating system continues the
searchfor anothervacantlocation. Finally, a secondvacant
location is encountered.This time the circuit sendsthe ilPC
signal on through as a bus error BERR(Fig. 6d). The system
then logs this information and continues normal program
execution (Fig. 6e). In this way, the controlled memory
block is automatically assignedto the first vacant location
in the addressspacewithout user or special operatingsystem intervention.

Power-Up
Reset
tFEnes-erl

Bus Handshake
Timeout
(FiFe)

Memory
Block Select
(eS)

Address Valid
(E-As)

Fig.5. Sinplified block diagram
of autolocating electronics for
CPU memory block.
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Product Design for Easy Production
The productconcept of the 9826Aand 9836AdivergessomeHP desktopcomputersThe requirewhatf romthatof traditional
ratioup to fivetimeshigher
mentof achievinga performance/cost
than for previousproductswas not, by itself,unusual.However,
the 9826A and 9836A also are intendedto become benchmark
instruments
in otherwayssuchas simplifiedassemblyandservichigh-volumeproduction,portabilityin a
ing, testing,reliability,
in EMI/RFIprotection,
and
highlyintegratedproduct,innovations
instruments.
visualcompatibility
with rack-mounted
Low Cost-High Volume
withtheexpected
Creatinga low-costpackagewascompatible
highvolumebecausehighervolumescan iustifyhigherexpendituresfor tooling.Complexmoldedplasticpartsweredesignedto
combineas manyfunctionsas possibleand to eliminatesheetmetalparts.Detailsare moldedintothe plasticpartsso that an
absoluteminimumof fastenersis required.
In many inslances,a standardcomponentis used as a primarystructural
memberinsteadof addinganotherpart.Forexample,the coolingfan actsas the structural
memberof an assembly
that mountsthe fan to the base, supportsthe large dc filter
capacitorin the powersupply,providesguidesfor four printed
circuitboards,and dividesthe flowof coolingair for the different
sectionsof the instrument.
foambase,is unsupThe rearpanel,moldedintothe structural
ported in a front-to-back
direction.The molded printedcircuit
boardguidesare unsupportedin a sidelo-sidedirection.However,joinedtogether,theseelementsbecomea rigid structure.
The powertransformerdepends heavilyupon mountingto the
fragilerearpanel,but impartsmassivestrengthto the assembly
by actingas a supportmember.
A singlemoldedplasticpart,mountedwith two screwsunder
the keyboard,providesa retainerand guidefor the powerswitch
button,mounting(with no fasteners)for the power switch,a
hinged safetycover for the power switchterminals,and a red
visualindicatorto signalthe on positionto the operator.
The external package is formed by four structuralfoammountedpartsheldtogetherby elevenscrews.Effortsweremade
throughoutthe design to eliminatehardwareand reduce the
numberof parts.Where it was practical6nl ussful,modular
subassemblies
were createdto reduceassemblylabor.
Reliability
testis extensive
The necessaryproofof mechanicalreliability
rng.lt waspresumedthatreducingthe partscountwouldincrease
integrrty
structural
butthe challengeliesin maintaining
reliability,
lt is mucheasiersimplyto add another
{asteners.
whileeliminating
screwor anotherpart.To put it anotherway, simplifieddesigns
are the hardestto execute.
Earlyin the projectit was decidedthat extensivetestingwath
real molded parts would be essentiallo achievingboth structural simplificationand reliability.A year before production
release,temporarymolds were tooled up for all major plastic
parts.This ailowedtestingand modificationusing actualparts
beforecommittingto productiontooling.Sometimesthe results
critiand sometimes
morehardwarethananticipated,
eliminated
cal weak pointswere discoveredearly.But most important,the
resultis a deceptivelysimple,reliableproduct.
One of the majorbenefitsof earlytestingwas in the area of
and decisionsweremade,a few
cooling.Someearlydrscoveries
of which are controverstal.
On the98264and 9836A,thecoolingfan blowsout,ratherthan
in.Thisdisallowsthe use of a filterbecauseit is not necessaryto
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and filteringall of the air
filterthe air going out of an instrument
is impractical.
A Jilterwouldalsodecrease
enteringthe instrument
thecoolingefficiencyof theairflow.A f iltercan becomecloggedif
causing damage throughoverheatnot servicedperiodically,
ing.
Firsto{ all,the heatof the fan
Theadvantagesare appreciable.
is kept out of the product.Also, since the power supply area
and
generates
the mostheat,thishotairisdrawnoutimmediately,
Coolambient
intootherareasof the instrument.
notsubsequently
air is drawn in throughnaturalopeningssuch as the keyboard,
side vents,and l/O panels,and it flowsoverthe internalcomponentsand circuitboardson its way to the fan. Mostof the air is
channeledthroughthe powersupplyarea at high velocity,and
heatsink,servesto maximtze
combinedwitha custom-designed
heattransferfrom the powersupply.
The air flow is allocatedto varioussectionsof the product
accordingto testedneed.Two methodswere usedto determine
this. Componenttemperatureswere monitoredunder diverse
conditions,and smokewas used to determineair tlow patterns
and relativevelocities.ln the smoketracing,transparentcase
partsallowedvisualobservation
o{ air flow.
them
The individuall/Omodulesarekeptcoolby incorporating
into the internalair flow pattern,ratherthan treatingthem as
externalplug-ins,as was done on otherHP desktopcomputers.
from the rearpanel.
They remainuser-removable
Industrial Design
The98264 and 98364are designedto be rackable/stackable
and visuallycompatiblewith other HP rack.mountinstruments.
The productshave their own beautyas stand-alonedesktop
quite naturally,
computers,blendinginto an officeenvironment
in mind.
but the crisp lineswere originatedwith instruments
and the indimensionsare maintained,
Standardrack-mount
(CRTdisplay,flexiblediscdrive)areintegrated
ternalperipherals
intoa packageonly1Bcm high(45cm forthe 98364).Thepower
switchis locatedon the front of the keyboardand the knob is
positioned
at the upperleftcornerof the keyboardfor convenient
Thef rontpanelof the CRTdisplayis slantedback
useroperation.
at 10'for properuserviewingangle.
Stackingan instrument
on top of the 98264or the 98364,the
user finds that a standardstackingrecess(slot) is provided,
and lockingthe
matchingthespecialfeeton mostHPinstruments,
two together.
Production Engineering in the Lab
for the 98264/98364projectthat
Therewere certainpriorities
requiredmorethanthe usualdesignf unction.Earlyin the project,
a separatelab group was createdand charteredto designthe
productionprocess.Thisincludedsuch tasksas assemblyproof
cedures,easeof assembly,productiontesting,simplification
servicing,and the tools and fixturesfor assembly.Production
wereto be avoidedby includingprochangesafterintroduction
ductionengineeringduringthe designphase,ratherthan later.
Numerousdesigndetailsweremodifiedearlyas a resultof this
approach.What may seem to be easy on paper,or even on a
prototype,may not be so perfectin the realworldof high-volume
assembly.For example,one screwthat is accessiblebut awkwardto reachmayseemto be a trivialproblemto thedesignerbut
its awkwardnessis magnifiedmany times to the assemblyor
servicepersonwho has to deal with it on a daily basis.
EMI Innovations
had taken place previMuch researchand experimentation

reduction.lt was felt
interference)
ouslyon EMI(electromagnetic
that, it shouldbe possibleto designan instrumentwith "quiet"
enclosureneedonlyserveas
circuitry,suchthatthe surrounding
a containerand providevisualand mechanicalfunctions.
Techniqueswere knownfor reducingEMIat the source,such
of long
as signalshaping,use of groundplanes,and elimination
conductorsthat act as broadcastantennas.Whatwas not known
was how much noisecould be eliminatedat the source.
The approachtakenwas a conservative
one. lt was assumed
that the effortto reducethe sourceswould be ineffective,and so
the case parts were designedto includetotal zinc arc-spray
gasketingbetweenall parts,
coatingon the inside,f ullconductive
Then,when all shielding
and completegroundingeverywhere.
provisionswere in place,the entiredesigngroup was encourdesigntor low EMI(outaged to ignorethemand independently
put and susceptibility).
All boards and subassemblieswere
range{estedand modifiednumeroustimesto eliminateEMl.
Theresultis thatonlyminimalexternalshieldingis needed,The
zinc arc-spraywas replacedby inexpensive
conductivepaint.
The full conductivegasketingwas eliminated,Only six contact
points are needed betweencase parts-the 98264 and 98364
withoutthem, but they
can pass VDE and FCC requirements
increasethe designmargin.
Anothercost-savingbenefitof earlyEMItestingwas in the area
A CRTshieldis neededto eliminate
the potential
of CRTshielding.
effectof strayCRT magneticfieldson the flexibledisc heads.
lnsteadof assumingthe need for a very expensivemu-metal

Read/Write Memory and DMA Boards
At introduction the 98264 was able to support about
one-half megabyte of RAM. Since introduction new
technology has allowed the original 64K-byte RAM board
using 16K-bit dynamic RAMs to be replaced by a 256K-byte
board using 64K-bit dynamic RAMs. This expands the
maximum system memory size to more than two megabytes. Only the 256K-byte board (Fig. 7) will be discussed in
detail. However, the 64K-byte board is very similar in architecture.
The RAM boards can be plugged into any of the eight
backplane slots. They can run regular asynchronous
accesses or a special synchronous access. When a RAM
board runs an asynchronous accessthe data will be valid on
the bus for 50 ns before the board pulls the data transfer
acknowledge (DTACK) line low. During a synchronous accessthe 68000 CPU does not clock data until one clock cycle
after it detects DTACK. If DTACK is given after data becomes
valid, one clock cycle of access time will be wasted by the
internal timing of the CPU. By giving a synchronized early
orACr the synchronous accesseswill run two clock cycles
faster than a normal asynchronous data transfer ffive CPU
clock cycles instead of seven). The board is synchronized
with the CPU by use of a signal called ENOT(enablenrACrt.
This is a bus signal provided by the CPU that is gated into
the CPU's DTACK input by the RAM board to generate a
five-cycle synchronous access.
The CPU normally runs synchronous accesses with the
RAM board. However, if the dynamic RAMs are being refreshed when the access begins, the access is delayed and
synchronization with the CPU is lost. The RAM board must
then run an asynchronous access.
The DMA (direct memory access) board always runs
asynchronous accesseswith the RAM board. This allows for

shieldover the CRT and flexibledisc drive,experimentswere
performedto establishwhatconfiguration
and materialwoulddo
the bestjob.At thefrequencies
and fieldorientations
involved,
the
best resultswere achieved using a partiallyopen aluminum
shield,which happenedto be a very inexpensive
design.
The successof the EMI design,as well as that of the other
innovations
mentionedhere,restsprimarilywith the conceptof
veryearlytesting.Therers much to be learnedfromtesting,and it
is not necessaryto wait for production-readyparts to start it.
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a low-cost,high-performanceDMA design.The low cost is
achievedby supporting only onetype of DMA cycle for both
low-speedand high-speedI/O cards.The high performance
is realized by starting the memory accessin parallel with
the I/O card access.This requiresthat, on writes to the RAM
board, the RAM board be able to complete the accessup to
the point where data is supposedto be valid, and then wait
for the data strobe.
Since refreshesare generatedby a state machine that is
not synchronous with the bus, it is necessaryto use an
arbitration circuit that prevents glitches or astablesignals
from getting into the RAM control circuitry (see Fig. 7).
Dynamic RAMs can lose data if the control signals are
glitched or the addresslines arenot set up or held properly.
The refresh circuit does the arbitration by holding off any
new accessesand waiting for any current accessto end.
Glitchesarepreventedby useof the open-collectorgate,the
RC network, and the Schmitt trigger latch shown in Fig. 7.
The RC network stretchesthe pulses to ensure that any
signal that comesout of the open-collectorgatewill be long
enough to set the Schmitt trigger latch.
Keyboard and Real-Time Clock
The circuitry for the 98264/9836.4,
keyboard,knob, programmableaudio alarm, and real-time clock is basedon an
80414 microprocessor.The main focus of the designwas to
minimize cost and maximize reliability. The 8041A was
chosenas the microprocessorbecauseit is low-cost and
designedto be slavedto a masterprocessor.This allows it to
be interfaced to the 68000 with minimal circuitry.
The keyboard has 103 keys plus shift and control. The
98264 and 9836A have keyboard options for German,
French, Spanish, Swedish/Finnish, and Katakana
(fapanese).
The systemlanguageand configurationjumpers
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loops that could hang it up.
The keyboard debounce,the automatic repeat rate and
delay, the knob interrupt rate, the alarm duration, and all
the real-time clock functions are implemented in a single
timer routine. Routinesfor communicating with the 68000
system processorare shared by all the functions. To keep
the functions separateon the systemlevel all data is passed
to the 68000 through an interrupt service routine. Data is
accompaniedwith a statusbyte that describeswhat the data
is for. Defining all the individual functions as one larger
function allows all the functions to be implemented in the
lK-byte ROM of the 80414.

OpenCollector
Fig.7. Blockdiagramof 256K-byteRAMboard.
are also scannedas keys. The languagejumpers are on the
keyboard board so this is the only board that has to be
changedwhen the languageis changed.It hasto be changed
in any casebecausethe keycapshave to be changed.The
keyboard has two key rollover and automatic repeat.Both
the delay until repeatingbeginsand the repeatrate are programmable.Key debounce is implemented in the 80414
firmware.
The keyboard has a rotary pulse generator (knob) that
provides an analog-likeinput. It has been found to be very
useful for program editing and also can be used by the user
program as a human input. The maximum rate at which the
knob can interrupt the systemis programmablefrom 'l,OOHz
to 0.39 Hz. The number of pulses detected(128 maximum)
is passedto the 68000when the interrupt occurs.About 120
pulses are generatedfor each revolution of the knob.
The audio alarm is programmablein frequency from 81
Hz to 5"167Hz with B1-Hzresolution. Its duration is also
programmablefrom 10 ms to 2.55 s.
The real-time clock is implemented entirely in the
8041A.The clock has 10-msresolution and is accurateto 50
ppm. Besideskeeping real time, three additional user and
two systemfunctions areprovided. The userfunctions area
delayed interrupt, a cycle interrupt, and an on-time match
interrupt. The systemfunctions are a periodic interrupt at
10-ms intervals and a fast-handshaketimeout interrupt.
The fast-handshaketimeout interrupt will cause a nonmaskableinterrupt and canbe usedto pull the systemout of
12 rEwren-pncKARDJouRNALMAy1982

CRT Display
The 98264 display is a 19O-mm-diagonalCRT with a
raster 120 mm wide and gOmm high. The subsystemsupports both graphics and alphanumeric displays with a
graphicsresolution of 400 x 300 pixels (displayeddots) and
an alphanumeric organization of 25 lines of b0 characters
each.Alphanumeric and graphics pixels can be displayed
simultaneously,with pixels from eachexactly overlapping
in position. The pixel spacing (0.3mm) is the samein both
the horizontal and vertical directions.
Both the alphanumeric and graphics frames have independent dedicatedmemory buffers which are mapped into
the 68000 addressspace.The 9B2OAdisplay is refreshed
from thesebuffers at a 60-Hzrate with no use of the system
bus. The alphanumeric memory is 2K bytes, one byte per
character.The graphicsmemory is 16K bytes,using one bit
per pixel. CPU cyclesto the display memory arewindowed
between display refresh cycles and are synchronous with
the display logic, The worst-caseaccesstime of this memory is 1.2 ps, about twice that of the system memory.
The alphanumeric display is separatedinto two functionally different areas:the normal text areaand the softkey
area. Each of these areas has an independent hardware
on/off control for software simplification. In the normal text
area,charactersappearwhite on a black background.In the
softkey area,charactersappearin half-bright inversevideo
(black on dim white). If the graphics mode is on, the alphanumeric and graphicssignalsin the 98264,text areaare
EXCLUSIVEORed and invert each other. In the 9826A
softkeyareagraphicspixels get ORedwith the softkeylabels
and appear as full bright over half bright, putting softkey
labels in the background.
The characterlookup ROM containsall 128ASCII characters (including control), plus the HP standard European
extensionsetand the Katakanaset,for a total of256 characters. In the 98264 the charactersare contained in a cell B
pixels wide by 12 pixels high. The ROM has spacefor the
full cell with no defaulted blanks, either horizontally or
vertically. This allows macrocharactersto be createdthat
are formed from two or more charactercells. The display
timing is generatedby a 6845 CRT controller, which is
programmedby system software at power-up.
The CRT drive system uses a conventional resonant
sweep circuit for horizontal deflection, and a linear
amplifier for vertical deflection.The beam acceleratingpotential (10 kV) is derived from the horizontal sweepcircuit
with a flyback transformer.The horizontal scanrate is 19.23
kHz for the 9826A and the screenrefreshrate is fixed at 60

Hz. Pixel information is shifted out at a 1O-MHz rate, with
display memory read cycles required every 800 ns.
An intensity control is provided so the user can adjust the
display brightness for varying ambient light conditions.
The range ofthis control is from about 15 to 100 candelas
per square metre. The control is located just under the left of
the screen in the 9826,\ and can be easily adjusted without
tools, even in rack-mount configurations.
A larger (310-mm diagonal) CRT is used in the 98364
with a raster 200 mm wide and 150 mm high. Graphics
resolution is 512x390 pixels and text can be displayed in a
format of 25 lines of B0 characters each. Because of the
larger CRT, several operating parameters are different from
those in the 9826,\. The beam potential is 12 kV, the horizontal scan rate is 24.9 kHz, and the refiesh rate can be set at
50 Hz or 60 Hz. Alphanumeric pixels are displayed at a
25.77-Mlfz rate and graphics pixels at a 17.18-MHz rate.
Also, the character cell is 9 pixels wide by 15 pixels high.
Flexible Disc Drive
The flexible disc controller interfaces a 5.25-in drive to
the 9826,4 bus. The controller supports the HP LIF (logical
interchange format) standard. Each disc can store 264K
bytes. The average access time is 300 ms if an access has
occurred in the last three seconds and about one second
otherwise.
The major component of the interface logic is the 1791
FDC (flexible disc controller). The FDC'is responsible for
seek operations, controlling read and write operations of
the sofl sectors,and encoding and decoding the MF M [modified frequency modulated) data stream.
The controller board has extended command/statusregisters. These registers aliow the system to control the drive
and the on-board transfer state machine. On the drive side
of the FDC one block is charged with data recovery on read
operations and another block precompensates the write
data stream to remove some bit shift.
The overall design goals were to maximize transfer rate
and provide testability while minimizing cost. The S8264.
and gB36.4meet these goals by having the low-level driver
in the system boot ROMs instead of an on-board microprocessor.This provides direct accessto every reg ister from
the system bus and allows system or test-codecontrol of the
retries that occur after a soft error. The cost of additional
code in the system boot ROM is less than adding a separate
microprocessor. The transfer rate is maximized by having
the 68000 system processor available to move data to and
from a RAM buffer in certain time-critical windows.
This 256-byte RAM buffer is shared by the controller and
the system bus. It is controlled by the transfer state machine
during read or write operations and is not accessible until
the operation is complete. At all other times the buffer is
part of the memory-mapped I/O space of the system bus.
Each byte can then be randomly accessed.Thanks to the
RAM buffer, disc transfers are not time critical. The system
waits for the sector read or write operation to complete, but
any I/O interrupts or DMA activity can proceed without
jeopardizing the disc transfer. The system transfers data out
of the RAM buffer in the intersector gaps, the time between
the end of one sector and the header for the next sector (see
Fig. B). This allows for noninterleaved operation at a high
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bytes per second.
The soft-error-rategoal for the 9826,4.flexible disc controller was less than one error per 10ebits passed.This goal
was met in four phases.First, the timing margin (F'ig.9) was
optimized by using a phase-locked loop to create the read
clock. Second, the signal-to-noise ratio at the head
amplifier output was improved with shielding and by controlling conducted interference from the power supply.
Third, exhaustive investigation of each error led to improvements in the lockup controller. Finally, measuring the
error rate with the system subjected to 1-kV 50-Hz line
transients led to discovery of problems in the drive cable
grounding and termination that were easily corrected.
The typical production unit shows a soft error rate of
10 10to 10 11 errors/bit. LJnitswith error rates better than
10 10 actually exceed the specified media life before the
first soft error occurs.
Power Supply and Future Powerfail Option
Primary considerations in the design of the 9826A,power
supply were reliability and compatibility with the future
powerfail option. The power supply has to provide 110
w a t t s o f r e g u l a t e dp o w e r a t + S V d c , + 1 2 V d c , a n d - 1 2 v d c
from an unfiltered dc voltage which can range as low as
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14.5V during battery operation.
To meet these requirements, conventional switching
regulators are used to implement the +5V and +12V
supplies, and a dc-to-dc converter is used for the -12V
supply. The dc voltage to the regulators is provided by a
transformer-isolated, full-wave-rectified supply with a
nominal voltage of 2BVdc so that transfer to the battery can
be simple and practically instantaneous.
Short-circuitprotection is provided for all three supplies,
and overvoltage protection is provided for the *5V and
+12V supplies. The -12V supply does not need overvoltageprotection becauseits design provides inherent protection against shorted switching transistors.
The powerfail option to be available in the near future
(Fig. 10) will allow the 9826A to ride out short power
interruptions and power down in an orderly manner when
power interruptions last longer than a few seconds. With
this future option the entire machine can be operatedfor up
to 60 secondsafterloss of ac line power, allowing the userto
store important data on flexible disc before powering down.
The powerfail option alsowill contain a real-timeclock and
112 bytes of memory. The amount of powerfail protection,
the amount of time that power must be gone before giving a
powerfail interrupt, and the amount of time that power
must be back before leaving the powerfail state will all be
programmable between 0 and 60 seconds. These programmable features and the real-time clock use another
80414 microcomputer to control the powerfail system.
Analog comparators will monitor powerfail and battery
conditions and provide this information to the 80414. An
18-volt, 2-ampere-hournickel-cadmium battery will provide power to the system for a short time after the power
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fails and to the real-time clock and CMOS* memory when
the power is off.
It will be necessaryto have a switch ganged with the
power switch to tell the difference between a powerfail and
the systembeing tumed off. This signalwill go to the 80414'
powerfail controller but also will override the controller
and shut off the system if the power is turned off. Thus,
even if the controller fails the power switch will turn off
the machine.
The battery will be connected to the unfiltered z8Vdc
supply through a transfer diode and relay. The relay will
close at power-up, providing nearly instantaneousprotection through the transfer diode when power fails. The relay
will open at power-down so the controller doesnot have to
be powered up and leakageinto the power supply will not
drain the battery. The battery will be charged by a
constant-current charging circuit powered from the unfiltered 28vdc supply. Typical rechargetime for a fully discharged battery should be 14 hours. After a 60-second
backup cycle is provided by the battery it will still be
- able to keep the real-time clock and CMOS memory operating for a week.
The power will be monitored in three different ways. The
ac on the secondary of the transformer will be monitored to
see whether any cycles are missed. The unfiltered 2BVdc
supply will be monitored to detectreductions of more than
10% in the ac line voltage. Either one of these conditions
will be considereda powerfail by the controller.The operating system can interrogate the controller to find out the
reasonfor the powerfail. The unfiltered 2BVdcwill also be
monitored to check whether the battery is discharged to the
point where it will not be ableto provide the 14.5Vrequired
by the regulators. When this signal is received the conholler will shut down the regulators.
The 8041A controller and the monitors will be powered
by their own *5V regulator. This will allow the controller
to remain operationaluntil the restof the systemis powered
down. When power comes up the controller will monitor
the power until it is valid (hasproper voltage).When power
becomes valid the battery charging relay will be switched
on and the rest of the machine powered up. The controller
will be programmable to give interrupts to the operating
systemfor powerfail or power coming back. The operating
, systemwill be able to send a commandto the 80414 to shut
down the power at any time. This will allow a user to
conservethe powerfail battery chargeif the user's graceful
power-down routine takes less than the 60 seconds allowed. When the power is shut down for any reason(command, switch off, protecttime up, or batterydischarged)the
regulatorswill be turned off and the charging relay opened
after a delay.The delay will ensurethat the current through
the relay is very small when it is switched, thus improving
the reliability of the relay.
Real time will be kept by use of a CMOS counter and a
CMOSRAM poweredby the batteryat all times. 112bytesof
the CMOSRAM will be availableto the operatingsystemor
the user to store system configuration information.

Fuiurr Powartalt Optlon

Fig. 10. Block diagram of power supply and optional power
fail circuit.
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Quality and Reliabilaty
An early commitment was made to invest resourcesto
tComplemenlarymetal-oxide-semiconductor.

Insbument Burn-In
The concept of burn-intestingfor productioninstrumentshas
existedfor some time. Originallyit was introducedto screenout
unwanted infantfailuresin the field, but since has become an
accepted part of productiontesting. In light of recent effortsto
increaseproductivityby optimizingthe productionprocessand
therebyminimizing
work in process(WlP),the existingburn-inor
aging philosophyrightfullyhas come under attack becausethe
cost to repairproductionfailuresat the instrumentleveladversely
affectsthe goal of reducedWlP.An obviousobjectivewould be to
test for and eliminatefailuremechanismsat an earlierpoint in the
process.Thedifficultyin achievingthisobjectiveis that it requires
an understandingof justwhatis causinginiantinstrumentfailures.
Thisin turndemandsthatexhaustiveand accuratefailureanalysis
be performedon failedassembliesto identifywhattestscould be
performedearlierin the productioncycle to exercisethe predominantfailuremechanisms.
In defining a productiontest plan for the 98264 Computer
System,attemptsto gatherdata in supportof one test philosophy
over anotherprovedto be unproductive.lt soon became apparent that additionalfailure analysisdata was requiredto define
accuratelywhat earliertests would be effective.
Sincethe ultimategoal is to minimizefield failures,it was concluded that instrumentburn-inwould be the most representative
indicator as to what failure mechanismsshould be exercised.
However,consideringthe ultimategoal of earliertesting,certain
guidelineshad to be establishedthat would ensureproperuse of
instrumentburn-in:
r Be comprehensive
in developingthe burn-inplan.Variationof
environmentalparameterssuch as ternperature,humidity,and
power provide a versatileand powerfultest capability.
r Do not let instrumentburn-inbecomea screen.A screentends
to becomea permanentand unwieldypart ol production.The
goal is to eliminatethe instrument-level
burn-in.
r Failureanalysisof failedassembliesand componentsis vitalin
determiningfailuremechanismsand is crucialto identifying
whetheror not testingearlierin the productionprocessis feasible and/or economical.
The 98264 burn-inplan is an evaluationtool that is used to test

Fag.1. lnstrument burn-in monitoring system.

the manufacturingprocesswhich is made up of severaltestable
parameters:design,material,and workmanship.The sourceof a
productionfailure will be ultimatelyidentifiedas one of these
parametersand action will be takento adjustthe processat the
earliestpointpossible.Thismay resultin adjustmentsbeingmade
by the componentvendor,or at incominginspection,board loading, or board test areas.
Assumingthat this philosophyis administeredproperly,il
naturallywill resultin reducedneedfor instrument-level
burn-inas
more and more problemsare eliminated.
The resulting98264 burn-inprogramincorporatesseveraltest
environments:
r Temperaturecycling is used to verifyproperoperatingmargin
in electricaland mechanicalassembliesl'2,3
r Powercycling is used to imposethermomechanicalstresson
the internalconstructlonof encapsulatedcomponentssuch as
integratedcircuit and other semiconductordevices a,5
r Vibrationtesting sifts out early problemsassociatedwith instrumentintegrityand workmanship.6'7
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Fig. 2. Failure rate per day of
burn-in over an 11-monthperiod.
Theburn-in plan wasimplemented
in May 1981 and the third day of
burn-in was eliminated that August. (Noter September's failure
rate increase was caused bv a
single vendot problem.)
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tests,a monitorsystem(Fig,
In additionto theseenvironmental
in
1) is usedto evaluatethe statuso{ each9826A.Theinstruments
Fig. 1 performthe {ollowingfunctions:
n P - 1 2 6 1 - T C M - 3 -C1h5a m b e r3: . 3 5m x 3 . 3 5m x
1 . T h e r m o t r oW
chamberdesignedto accommo2.44 m walk-intemperature
fortesting.
Witha loadof 14 kWand
date upto seventygB26As
907 kg of mass, the chamberwill providea transitionrate
greaterthan one degreeCelsiusper minute.
2. HP 98264 Controller:provideschamber temperatureand
powercyclingcontrol,coordinates
dataflowf romeach98264
undertest,generatesand formatsfailurereports,and backs
uo fail data on its internalflexibledisc unit.
3. HP 59501A D-to-AConverter:convertscomputerprogramming outputsto an analog controlsignal for the chamber
controlcircuitry.
measureschambertemperature
4. HP3438ADigitalMultimeter:
via
and thenoutputsthe measurement
by sensinga thermistor
the HP-IBto the systemcontroller.
5. HP 59309AClock Module:providesbatterybacked-upreal
time for the system,
Datacollectedduringthe firstelevenmonthsof 9826Atesting
progresshasbeenmadetowardthefailure
indicatestremendous
rate goals.Fig.2 showsa definitecontrastin May 1981failure
ratesas a resultof implementing
the burn-inplan.Thedatashows
that the first two days of burn-inwere so effectivethat we were
able to reducethe burn-intime to two days in August1981,
A breakdownof the failuretypesfoundduringfailureanalysis
indicatedthat electricalfailuresfar exceed other contributors.

make the 9826A and gB36,{ very reliable products of high
quality. Quality was not perceived simply as a set of tests to
pass at the conclusion of the design cycle' but rather as a
viable design parameter to be factored in during the development from the first hand-drawn sketch to the final
product coming off the assembly line.
An early decision was made to use multilayer printed
circuit logic boards that include a *5V bus and ground
plane. Even though this conflicted with our goal to keep the
factory cost as low as possible, the gain of having a system
immune to noise and generating minimal EMI (electromagnetic interference) was worth it. Next, a decision was
made to minimize the number of shared clocks in the system. Furthermore, the cardcage does not receive any clock
and has an asynchronous bus. Had this not been done, the
B-MHz CPU clock would have had to Ieave the CPU board
and travel about 20 cm across the motherboard and up the
cardcage board. Then the CPU board and up to eight
cardcage boards would all have been pulsing currents and

Ronald G. Rogers
Ron Rogersdesignedthe flexibledisc
subsystemfor the 98264 and now is a
productionengineerforthe 9826Aand
-- 9836Asystems.Hecameto HPin 1979
enwith experienceas a development
g i n e e rd e s i g n i n gt e s te q u i p m e nat n d
circuitbreakers.A nativeof Topeka,
Kansas,Fon receivedthe BS degreein
electricalengineeringfrom Kansas
tn 1977.He livesin Fort
StateUniversity
Collins,Colorado,and enjoyssailing,
skiing.
hiking,and cross-country
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Table I
Breakdown of Electrical Failures
(DatathroughJanuary1982)
FailureMechanism

Percentof Total

Semiconductor-HardFailures37o/"
467"
Sensitivity
Temperature
or Margin
17"/"
Other

of the electricalfailures(Tablel) indicatesthat
Furtherevaluation
withvaryingtempthe majorportionof thetailureswereidentified
In nature.
eratureand were intermittent
References:
lP ProductRelabiltV Semnar, 1979
1 D. l\.4oss,
, Cr ni r c u t s l \ / a n u l a c l u r r n g ,
2 R . F . P o w e l , ' T e m p e r a l u r e C y c l n g v s S t e a d y S t a t enB" u
V o l . 1 6 , S e p t e m b e1r 9 7 6 .
EngineeringVoi.
BetlerBurn in , Evaluation
3. A. Coppola "ThermalCyclingl'.4akes
1979.
18. No. 2. l\.4arch/April
4. M. R Strange PowerCycling",Quality,September1980.
5. G F Kujawskiand E. A Rypka,"Etiectsol ON-OFFCyclingon EqulpmentRe iabl
ntainabllty Sympostum.
ity", Proceedingsof 1978AnnualReliabl ty and N,4a
StressScreenng Progtam",Proceed6. D. O. Palterson,'TheNavy'sEnvrronmental
Sc ences 1979.
ings, Instituteof Environmental
7. W. A. Mayers "Apply ng EnvironmenlaScreenng to Bu ld l\y'iitarySyslemOpera
Sciences 1979.
tionalSuccess',Proceedings,Insttuteof Environmental

-Ken Fedraw

switching voltages on the same clock edges. This was not
consistent with our desire to have an EMl-quiet system.
Finally, starting with our first wire-wrap system, we tested
our units on the EMI range to determine if our theories were
indeed yielding the results we intended.
An infrared thermal scanner was used to identify
hardware components operating at elevated temperatures.
This is important because semiconductor component reliability is related to temperature. The results of this test caused
several component/circuit design changes to be made. Although these weak areas probably would have shown up in
later tests, the thermal scan quickly identified them early in
the design process,
Other design activities concerned with quality included
early environmental testing and margin testing to failure of
parameters such as power supply voltages and clock frequencies. These tests helped solve the most serious design
problems early and provided the time to attack less frequently occurring problems. This procedure allowed us to

Ken L. Burgess
K e n B u r g e s sl o i n e dH P i n 1 9 7 8a t t e r
r e c e i v i ntgh eB S( 1 9 7 6 a) n d M S( 1 9 7 8 )
degreesin electricalengineeringfrom
of Nebraska.He dethe University
signedthe CRTsubsystemfor the
98264 and now is a productionengineerfor the system.Kenwas born in
Lincoln,Nebraskaand now livesin Fort
Collins,Coloradowith his wife,daughter, and son. He enjoyswoodworking,
and listening
to his
boating,electronics,
hi-ti

go into our major strife test program with fairly reliable
machines.
The strife test program was an extension of similar testing
done on the 9915A Modular Computer.l The purpose of the
strife testing is to identify and eliminate sources of failure
before the product is released. Thirty-six 9B26As were
tested for about 20 days of test time per unit. The tests
resulted in 311 failures that were categorized into 1,73 design, 99 material, 26 process, and 13 test-related deficiencies.
Initial field warranty data indicates that the failure rate
for the 9826A has been reduced by 33% as a direct result of
design and process changes attributed to the strife test
proSram.
Reference:
1. K. Watts, "A Unifying Approach to Designingfor Reliability,"
Hewlett-PackardJournal,Vol. 32, no. 7, JuIy 1981.
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i lC and thin-filmproductionengineering
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Don D. Stewart
Don Stewartearnedthe BS (1976)and
MS (1977)degreesin electricalengineeringfrom VirginiaPolytechnic
Instituteand State University.He joined
HP in 1977as a designengineer.Don
has workedon the hardwaredesign
and productionof the 98264 and now is
a project managerfor 9826/36family
He is namedas invenenhancements,
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l/O Philosophyand Architecture
for lnstrumentControl
by Loyd F. Nelson

NE AREA OF APPT,ICATIONfor the HP Model
9826A and 98364 ComputerSystemsis as smart
controllers.Fundamentalto this application is the
ability of the controller to be connected to all kinds of
devices. In considering the I/O (input/output) system for the
9826,\ and 9836A, the first question that arises is, "Why not
use the current HP 980xx series ofI/O cards which already
provide this facility?"
Since the method of connecting external devices to the
98264 and 98364 directly impacts the electrical and

mechanical design of the machines, the question of whether
to develop a new I/O series or use the existing g80xx series
needed an answer. An initial investigation showed that on
the average the cost of the IiO cards could be reduced approximately a\g by developing new designs. At the same
time, performance would be improved. In the 1980s great
competitive pressure is expected from low-end personal
computers and the price of hardware will continue to decline. Six-year-old hardware developed for higher-priced
products will not be competitive with the newer lower-cost
I \ , 4 A]Y9 8 2 H F W L F I T ' P A C K A RJD
O J F N A L1 7

Fig. 1. Physicalcomparisonof the
older9SOxxseriesllO card (onthe
left) and the new llO card (on the
right) developed for the 9826A
and 9836A.

generation.
Another advantage of designing new I/O cards is the
opportunity to improve the reliability of the cards. The
980xx cards are housedin their own caseswith no cooling.
Their form factor is such that the circuitry has to be divided
onto two small boards(seeFig. 1).The resulting designuses
two very densely packed boards and requires many interconnectionsas well as being troublesometo assembleand
test. A new design should be able to solve these problems
and contribute to the improved performanceand reliability
and would be only a small part of the total system cost.
Physical Architecture
Oncethe decisionwas madeto developnew UOcards,the
physical implications were quickly decided. Rather than
enclosing the cards in their own case,it was decided that
the 9s26A and 98364 should be designedso that the cards
reside totally within the mainframe. This has the twofold
advantagethat the cardscanbe cooledby the mainframefan
for an increasein reliability and that more power can be
dissipatedon the cards.The power supply and cooling for
the 9826A and 98364 are designedto allow a power dissipation of 5,5 watts per card, an increaseof 30% over the
earlier B90xxseries.The important *5V power supply current is increased from 450 milliamperes to 1 ampere.
Added to each card is a metal backplatethat connectsdirectly to the metal backplate of the mainframe to provide an
excellent safety ground.
The metal backplate, in conjunction with the attached
metal connectorsand mating metal connectorson the cable,
also provides a significant improvement in limiting EMI
(electromagneticinterference)radiation. Since the cable
can be disconnectedat the backplate,the I/O card is now
independent of the cable length and the system can be
configured easily.The spacechosenfor the cardsallows an
increasein printed circuit board areahom L74 squarecentimetresfor the older 980xx seriescardsusing two boardsto
206 square centimetresfor the new cards using a singleboard design (Fig. 1).
Electrical Architecture
One of the keys to providing high-performanceI/O for a
lower price is the schemeby which the 68000CPU (central
processingunit) communicatesand interacts with the I/O
interface electronics.There are basically two schemesin
use at HP today. The first is microprocessorbased.In this
18 Hrwrerr-pncKARD
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method each interface board contains standard interface
hardware and a microprocessoror special-purposeIC (integratedcircuit) with enough processingpower to handle
I/O-related operations. The interface between the I/O card
and the mainframe CPU is on a relatively high level. The
machine-level I/O code of the mainframe CPU is the same
for all I/O interfaces.The microprocessoron each interface
handlesthe peculiarities associatedwith the particular I/O
protocol of the external device to which it is connected.
The second interface method between the mainframe
CPU and the I/O interface electronics is nonstructured. In
this method the standardization of the I/O interface
hardware is kept to a minimum. The I/O hardware is concerned more with the peculiarities of its particular external
device and is tailored to provide those functions in an
efficient manner. The interface between the mainframe
CPU and the I/O card is generallyon a more primitive level
than the other method, Eachsignal line on the bus tends to
have only one meaning and doesnot mean different things
at different times. If there are four interrupt levels, then
there are four intenupt-request signal lines. The software
I/O driver is different for each interface and tailored to the
requirements and features of the interface hardware.
Which type of I/O interfacemethod should be usedon the
9s26A and 9836A? This question might be best answered
by looking at the hardware and software costs for each
approach.In the softwareareathe microprocessorsolution
appearsto havean advantagebecauseit provides a standard
interface and a single standard set of I/O drivers for all
interfaces.When a new I/O card is developed,the card can
be inserted in the machine without having to change any
operating system code. However, a closer look shows that
the software problem is not really solved. Each I/O card is
different and has peculiarities that must be controlled
by the software.The software task has essentiallymoved
from writing code for the mainframe CPU to writing code
for the microprocessor on the I/O interface card. Tools
are needed to handle development and debugging of
software not only for the mainframe CPU but also for each
I/O interfacemicroprocessor.Becausethe mainframedriver
and protocol must be defined and completed long before
the requirementsof any future I/O is known, what happens
when a new I/O card has some feature or requirement that
cannot be handled with the defined protocol?
The nonstructuredinterfacehardwareapproachdoesnot

prohibit the standardization of the mainframe UOroutines;
it merely moves them to a higher level in the operating
systemhierarchy. The UO drivers that would have been in
the microprocessorcodeof eachinterfacemove to the mainframe CPU and are invoked by standard I/O routines that are
abovethe drivers in the operating systemhierarchy. Thus,
the nonstructuredapproachprovides a more flexible solution becauseone set of developmenttools can be used that
allows the software to take full advantage of the I/O
hardware features.
Another consideration is how fast the software runs. The
microprocessoron the interface card generally does not
have the instruction execution speed of the mainframe
CPU. In smaller machines such as the HP-BSA Personal
Computer the discrepancy in speed is not so great and,
therefore, the extra overhead associatedwith the microprocessoron the interface card does not affect the overall
performanceof the I/O. To overcomethe speedproblem on
higher-performancemachines,the I/O microprocessorusually is not a true microprocessorbut a custom IC developed
for that particular computer family. For the 9826A and
9836A, the scheduleand the risk associatedwith developing a custom I/O microprocessordid not make it feasible.
On the hardware side, the 98264/9836A I/O project
wanted to take advantageof LSI [large-scaleintegration)
devicescurrently in the marketplace.For example,the 9914
GPIB controller chip integrates a number of the HP-IB*
functions and providesa flexible, cost-effectiveHP-IBinterface. For the I/O microprocessorapproach the question
arises as to how the LSI device and the microprocessor
can be made to sharethe I/O tasks.Since the microprocessor would be located functionally between the mainframe
CPUand the externalI/O control logic, it would be awkward
to take advantageof the control functionality of the LSI
device. The mainframe CPU would talk to the I/O microprocessorand the microprocessor,in turn, would talk to the
LSI device. Of course,the design could be made such that
the mainframe CPU could also talk to the LSI device directly. However,this would causethe standardI/O routines
to become partially specialized, a deviation from the
philosophy of a single set of I/O routines for all interfaces.
Also, it would tend to make the I/O microprocessorredundant. With the nonstructuredapproachthe mainframeCPU
can always talk directly to the LSI device and take full
advantageof its capabilities.
Finally, for the 9826,\ and gB36,4'
marketplace,one of the
goals is to keep hardware cost down. The UO cards should
take advantageof current LSI devicesbecausethey provide
more functionality for the dollar as well as greaterreliability and less power consumption than discrete MSI
(medium-scaleintegration) devices. The interface approach should minimize the overheadcircuitry required.
The BCD (binary-coded decimal) I/O card IHP Model
98623A) was designed and breadboardedusing each approach. For the microprocessorapproach, an B04B (the
sameas the seriesused in the HP-BSAI/O) was used as the
I/O microprocessor.It was found that becauseof the interface circuitry required for the 8048, the design needed a
significant amount of printed circuit board space, con*Hewlett-Packard
ol IEEEStandard488 (1978).
InterfaceBus, HP's implementation

sumed more power than the nonstructured approach,and
cost more. For the GPIO card (HP Model 98622A) the
amount of printed circuit board spacerequired for the external interfacet6-bit registersmade it doubtful that all the
circuitry including a microprocessorcould be madeto fit on
one board. Furthermore, all the timing and control logic
necessaryto communicatewith the externalinterface16-bit
registers was still needed to provide twice the speed of
the 9825, and it was not clear that a microprocessorcould
be used to advantage.For the HP-IB card (HP Model
98624A), the 9914 chip had to be used to take advantage
of its performance and maintain compatibility with the
internal HP-IB provided by the mainframe.
Thus, after considering the advantagesand disadvantagesof the two approachesand the practical problems of
cost and printed circuit board space, the nonstructured
approach was chosen as the basic I/O philosophy for the
9826A and 9Be6A.
l/O Interface Details
The 9s26A and geg6A support three types of I/O: programmed I/O, interrupt I/O, and DMA (direct memory access).Fig. 2 shows the signals on the backplaneassociated
with each type. Most of the signals are the signals of the
mainframe CPU which have been buffered to provide the
drive necessaryfor the bus. Becausethe bus is an asynchronous bus (no system clock), the presenceof information on the address or data lines is determined from associated control signals. Such a design is susceptibleto
skew problemsbetweenthe information and the associated
control signal causedby differencesin capacitiveloading
and differencesin logic path delays of the respectivesignals. A significant amount of engineeringtime was usedto
determinethe worst-caseskewsthat could arise in the svsAddress Bus, BA1-8A23
Data Bus, BD0-8D15
-BAS
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tem. The study resulted in a standard set of requirements for
each entity to be connected to the bus in terms of the loading
allowed, the drive required, the devices to use, and the
timing to be adhered to.
Programmed l/O
The programmed I/O interface provides the basic communication between the mainframe CPU and the I/O. In
keeping with the capabilities of the 68000 microprocessor,
the I/O is accessed programmatically via memory address
mapping. Consequently, both memory and IiO cards conform to the same timing specifications. Fig. 3 shows the
signals and timing of the read and write cycles. The
simplicity of the design will be evident from the following
brief description of the read cycle. Just prior to the beginning of the cycle, the buffered read/write signal nnvW, the
buffered upper and lower data strobes (represented in Fig. 3
as one signal, nnsl, and the data transfer acknowledge signal ntaCr are actively pulled high to ensure their proper
polarity at the beginning of the cycle. The bus master (the
entity currently controlling the bus) then defines the memory address to be read by driving the address bus, bits nar
through 8A23. Note that bit BA0 is not present on the bus.
The data bus is 16 bits wide. BA0 determines whether the
upper or lower byte of memory is desired for byte-oriented
instructions. It is converted by the bus master into the
appropriate upper and/or lower data strobe.
After allowing sufficient setup time for the address, the
bus master asserts the buffered address strobe signal sAS to
indicate that the address is now valid. All entities in the
memory space then decode the address using BAS as an
enable to determine if they contain the address being accessed.The addressedcard responds by asserting the "I am
addressed" signal M
and holding the otRcr signal
nonasserted while being accessed.The Itrln signal is used
by the bus expander logic to determine the location of the
memory participant so that the data bus buffers for the
expander interface can be turned on if required. Concurrently with asserting SAS, the bus master also asserts the
appropriate buffered upper and/or lower data strobes to
indicate which bytes are involved in the data transfer. The
addressed card can now enable its data bus buffer since it
knows that it is to be involved in the memory cycle and that
the data bus direction is correctly defined. For the write
cycle, the buffered read/write signal is not defined until the
data strobes occur. Therefore, if BAS alone is used to
enable the data bus buffers, a bus cqnflict could result.
Once the addressed card has placed the data on the bus
and allowed sufficient setup time, it indicates that the desired data is now valid on the bus by asserting nflqcK. the
bus master detects the OfaC< signal, latches the data at its
convenience, and ends the cycle by negating BAS and the
data strobes. The addressed card detects that the cycle has
ended by detecting that BaS and/or the data strobes have
gone away and releases the data bus and cancels the IMA
and otRcr signals.
The IiO write cycle is similar. The address and BAS signals occur in the same way to start the cycle. All entities in
the memory space decode the address and the addressed
card then asserts ftr4a and holds OfaCf in its nonasserted
state. The bus master then asserts the buffered read/write
20 Hewlrrr-pncKARD
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Fig.3. Read(a) and write(b) cycle timingfor llO and memory
cards tn the 98264 and 9836A.
signal to indicate that a write cycle is in process. Next it
places the data to be written on the data bus, and after
sufficient setup time, asserts the upper and/or lower data
strobes to indicate that the data is valid. The I/O card
detects that the data strobes have occurred and stores the
data in the proper location. When the storage operation is
complete, the card asserts DTACK to indicate that the cycle
can end. The bus master detects that OfaCf has occurred
and removes gAS and the data strobe signals. The I/O card
then cancels its drive of Ivta and nracx.
Thus, the programmed I/O protocol is essentially a version of the common asynchronous handshake scheme. The
address and data strobes provide the sourcing information.
The OfaCf signal provides the response of the receiving
entity. Since the I/O card may or may not be present, the bus
cycles are provided with a timeout that automatically ends
the bus cycle with a bus error trap should an I/O card not
respond within a specific amount of time.

Interruptl/O
TheinterruptUOschemeprovidestheabilityto interrupt
the normal instruction execution sequenceof the mainframe CPU.The 68000provides for sevenpriority levels of
hardware interrupt. The levels have been distributed
among the hardware as follows:
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DMA provides the mechanismfor high-speeddata transfers betweenmemory and externaldevices.The 68000does
not contain DMA hardware asprovided in the I/O controller
chip of the 9825. A suitable LSI DMA controller was not
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DMA controller in the form of an option card. The DMA
f- UJi"tY3r card provides two channels of DMA capability with full
t}
M&
address range per channel and a maximum buffer size of
|nA,
o
64K bytes. The card provides a burst mode capability of
o
greaterthan 1.2 million transfers(bytesor words) per sec5V
ond. Actual transfer rates are dependent on the performance of the particular I/O card involved in the transfer.

O1

U9B
o

,

g"
),-*i>.
,',^a+o

oncx- |

.9ro

? :

V
iltos r

.a

ivi o " t y

circuit

r>a tao5v

lt
a.

BA16-8A23

osv

a

' * - o.--o
O

o
I

selectcode

t t

a

l r: o; t

V

V
Fig. 4. A typical 9826A19836Allo interface design.

Interrupt Level
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Quiescentlevel
Keyboard and real-time clock
Internal flexible disc unit
External I/O
Reset key, powerfail

The internal peripherals have a lower priority than the
externalperipheralsfor two reasons.First, the human interface is felt to be secondaryin priority to the user's being
allowed full use of the mainframe CPU for control purposes.Second,the designofthe 98264 and 9836A is such
that the internal peripherals have drivers that can be interrupted without causing improper operation whereas the
irser may have an external device that requires fast interrupt
responseand whose serviceroutine cannot be interrupted
by internal peripherals.On the high-priority end, the highest interrupt Ievel is reserved for the reset key so that the
user has full control over the machine. Thus, the external
I/O cardshave four interrupt levels,more or lessby default.
This is twice the number of levels availablein the 9825,and
the external I/O cards do not have to sharean interrupt level
with the internal devicesas required in the 9825.Also, the
setting ofthe UO card's interrupt level and selectcode has
beendivided to allow the user more flexibility in assigning
the interrupt levels to the 32 available.selectcodes.

Hardware Design
To get an idea of the simplicity of the interfacehardware,
Fig. 4 shows a functional schematicof a typical I/O interface.The memory location of the card is defined by the Q
side of addressdecoderU7. When BASoccursthe decoderis
enabled. Its output enablesthe Iva and the DTACKdrivers
UBA and UBB and gate U6A. When the lower data strobe
BLDSoccurs, the output of gate U6A turns on the data bus
buffer U1, enablesthe register decoder U5, and startsthe
timing delay. The register decoder U5 determineswhich
register is involved in the cycle and whether a read or write
operation is to occur. There are two standard registers that
all UO interfaces must provide. The first is a read-only
register(bufferU2 in Fig. a) which provides a unique identifier for the card. By reading this register, the operating
system can determine which I/O cards are at which select
codes.The secondregister,representedby U3 and output
buffer U4, provides status and control information. A write
to the registercan enableor disablecard interrupts. A read
of the registerindicateswhich interrupt level the card is on
and whether or not the card is currently interrupting. Decoder U9 connectsthe card's interrupt request to the appropriate interrupt level, The second register also determines which DMA channel the card is assignedto. The
DMA interface logic is not shown in Fig. 4. Only four
low-power Schottky TTL (transistor-transistorlogic) IC
packagesareneededto implement the interfacefor a simple
DMA timing delay.
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Low-GostPrintersfor the 9826Aand9836A
Computers
Thisfamilyof compatiblypackagedthermalprinters
providesqualityhard copy of alphanumerictextand
graphicsdisplays.
by MichaelJ. Sproviero
IKE ALL COMPUTING SYSTEMS. the eB26A and
9836,4.Computer Systems require a companion
printer. The printer not only has to do alphanumeric
printing at medium-performancespeed and print quality,
but also must be capableof duplicating graphics displays.
Secondaryneedsdictate that the printer be easyto use and
convenientlylocatedwhen connectedto the system.As an
alternativeto building the printer mechanismdirectly into
the computer,a separateprinter packagewas designedto sit
on top of the 98264 or 9836A (Fig. 1).
The thermal print mechanism falso used in HP's 2620
seriesof display terminals) usesa printhead containing 1b
thin-film resistorsanangedin a vertical column. Characters
or graphicsareprinted by moving the headacrossthermally
sensitivepaper and selectively activating the resistor elements at appropriate locations. Characters are formed
within a high-resolution 18x15 dot matrix to produce
characterquality beyond that previously achievedby thermal printers. Rastergraphics resolution is g0 dots per inch
both vertically and horizontally and up to 72Odots are
availableacrossthe page. Fifteen raster dot rows are buffered by the printer before each graphics print line scan,

Fig. 1. TheHP Model 2673A lntelligentGraphics Printeris the
top of the line of HP's2670 seriesof thermal printers. Likethe
other printers in this family, it sits conveniently on top of a
9826A (as shown above) or 98364 Computer Systemto provide qualityhardcopy of alphanumericandlor graphics data.
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producing high-throughput graphics at 16,200 dots/s.Alphanumeric charactersare printed bidirectionally at 120
characters/s.A microprocessor-controlledalgorithm optimizes characterthroughput.
The print mechanism is controlled by a microcomputer
located on an attached printed circuit board. The microcomputeracceptsand buffers characters,commands,or
graphics data over a simple B-bit parallel interface. Data
handshake lines are used for interrupt and acknowledgment of data transfers.Besidesaccepting input data, the
microcomputer controls two step motors and the 15element printhead. One motor controls movement of the
printhead and the other controls paper advance.Phaseinformation is maintained by the microcomputer for each
motor and an on-board timer interrupt is used for speed
control. A 64K-bit ROM storesthe definitions of up to 256
characters, The microcomputer transforms the ASCII*coded charactersto dot information for the printhead.
Graphicsdata is received in row format and transposedto
column format for the printhead. To achieve L20
characters/speak printing speed,the internal timer runs at
21.6OHz (460-g.speriod). With each timer interrupt, the
microcomputer updates phase information for the step
motor and outputs dot information to the printhead. The
printhead resistorsare driven from a 16V power supply and
energizedfor 42Otrrsto print a dot of information.
Consecutivedots for a given resistor are energized for
only 160 g,ssincethe resistoris still at an elevatedtemperature from the previous dot. This technique maintains consistent intensity of dots and increasesresistor life.
Thermal printing requirc.scontact of the printhead and
the paper.Appropriate pressureis maintained by a springloaded guide. To achieve accurate paper advances,the
printhead is lifted during line feeds. This is done by a
solenoidwhich depressesthe paper guide spring, relieving
head pressureand lifting the head slightly. A single line
feed cycle lasts 66 ms. Mechanical time delay for the solenoid requires16 ms, 15 motor phaseadvancestake 33 ms,
and 1,7ms is allowed for the headto settleafterthe solenoid
is deenergized.Consecutiveline feeds are performedwith
the samesolenoid cycle and thereforerequire only an additional 33 ms. A photocell is used to senseout-of-paperand
top-of-form conditions. When using perforated paper, a
small hole locatedin the perforationbetweenpagesis read
by the photocell as the paper passes.The microcompurer
automatically moves the paper past the perforation to the
*AmericanStandardCode for InformationInterchanoe
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Fig. 2. Configurationmenu for the 2673A. This menu is
printed by the 2673A in the configurationmode. Current settings are underlined.Each may be changed to any of the other
seftrngsshown by press/ng the appropriate keys on the front
panel of the 2673A or by program control.
next top-of-form position.

Printer Design
Given a general-purposethermal printing mechanism,
the design problemsinvolved overall packageand product
design, including a user control panel, a power supply
system, a flexible external interface system, and overall
control logic. The control logic is accomplishedby a second
microprocessorsystemwhose primary function is interface
control, data buffering, including raster graphics, escapesequencecontrol decoding, printer configuration control,
and interfacing to the thermal print mechanism.
As mentioned earlier, the primary product design requirement was compatiblility with the 9826A. This includes not only industrial design style, but also environmental and regulatory agencyapprovals.To do this, sufficient margin is designed in to guarantee successin all
system tests. Becausethe printer sits on top of the CRT
display of the 98264 or 98364, adequateshielding of
magneticdevicessuch as the power transformeris required
to prevent the printer from affecting display quality. Internal metallization of the plastic housing and special gasketing is used to shield the entire enclosure.The results are
plenty of margin from electrostaticdischarge faults and
certification to FCC Level B for RFI emission with a 10-dB
margin.
Printer Family
Afamily of printers, including the267'l.AAlphanumeric
Printer, 267IG GraphicsPrinter, and the 2673A Intelligent
GraphicsPrinter, is availablewithin this samepackage.At
the top of the line is the 26734 (Fig.1),a supersetof all the
featuresof the other membersof the family. In addition to
the normal print mode that prints 10 characters/inat 120
characters/s,alphanumeric charactersmay be printed at

L6.2characters/in(132 columns per line) or 5 characters/in
(40 columns per line). Print enhancements,such as underIining, framing, and triple-passbold printing areaccessible
in all three print modes. All combinations of these print
styles can be intermixed in a single line, character-bycharacter,while still maintaining the high throughput of
bidirectional printing. Graphicsfeaturesinclude autocentering, windowing, and offsets.Standardpage format features are also available such as margins, tabs, and vertical
pageformatting. Characterset flexibility is an advantageof
the 2673A. European languageand general-purposelinedrawing charactersets are available.
A key contribution of the 2673A is that featuresareaccessible both programmatically through escape-sequence
commands from the host controller and from the friendly
front control panel. A menu-driven configuration mode
(Fig. 2) is accessedby four keys on the front panel. The
configuration mode controls and retainsthe settingsin the
printer's memory. A state-of-the-artelectrically alterable
read-onlymemory (EAROM)that can store128bytesof data
is used to remember the state of the machine when the
power is removed.This novel printer featureallows permanent user customization of the printer's power-on state.
Features can be also temporarily invoked by escapesequencecommands from the host controller. Thus, features can be turned on and off without altering the printer's
memory.
The 2673A has a multilevel self-testand self-diagnostic
capability. Separatetests for print capability, data communications,memory, and I/O can be invoked from a menu
that is presentedwhen the self-testkey is depressed.Any
faults detected are printed, or if printing is inhibited by
fault conditions, a hexidecimal LED (light-emitting diode)
indicator located on the main processorboard displays a
code identifying the fault area. Memory failures can be
reported to the chip level.
Interfaceflexibility is achievednot only in the 2673,{,but
also in Ihe 267'LA and Z6Z[G. Each interface type has a
custom printed circuit board that can be changed by the
user. In addition to the HP-IB interface,which is standard,
an RS-232-Cserial interface and a general-purposeB-bit
parallel interface are also available for all printers in the
family.
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The 9826A/9836A
LanguageSystems
by KathrynY. Kwinn,RobertM. Hallissy,and RogerE. lson
ffi N EVALUATING A COMPUTER'S software, customers
$ are interested in how it can help them. Designers want to
H know not only what it does but how it does it. This article
outlines the capabilities of the three language systems
(BASIC, HPL,r and Pascal) available for the HP Model
S8264 and 98364 Computer Systems, explains some of the
technical challenges that arose in providing these
capabilities, and describes how those challenges were met.
BASIC
The BASIC system used in the 9826,4,and 9836A is a rich
and powerful language compared to most implementations
of BASIC. It is patterned after the system used in HP's 9835
and gB45 Desktop Computers, but it uses a different enhancement strategy. In the 9835 and g8+s, the mainframe
language provides many general-purpose computing
facilities and is enhanced through the later addition of
ROMs (read-only memories) to provide selected
capabilities such as device I/O (input/output), graphics, and
structured programming. In the 98264 and 9836A the goal
is to provide in the initial product all the capabilities required to solve a wide variety of instrument control and
CAD (computer-aided design) problems, and to allow incorporation of new enhancements from time to time. Hence,
there are substantial I/O, real-time clock, and graphics
capabilities in the initial BASIC system.
This version also provides a number of features that have
not appeared previously on HP desktop computers. The ON
KNOB statement can be used to define actions to be taken
when the knob (rotary pulse generator) is rotated. Labeled
COMmon blocks, which give greater data-sharing flexibility, can be defined. The ALLoCATE and DEALLOCATEstatements provide simple fstack discipline) run-time memory
management. Subprograms can have optional parameters.
Subprogram libraries can be kept in mass storage and
loaded quickly when needed. Functional HP-IB* * noncontroller capabilities are also given more emphasis.
*The languageused in the HP 9825 DesktopComputer.
**Hewlett-Packard's
implementation
ol IEEEStandard488 (1978).
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Customers are interested in execution speed as well as
language capabilities. They have indicated that for their
instrument control and computer-aided design problems of
the 1980s,they want twice the execution speed of the 9825.
The 9S264/9836A BASIC system meets this need, and
for some applications, exceeds it. For example, some
I/O operations execute six times as fast as their gB25
counterparts.
This version of BASIC is not only powerful, it is also easy
to use as exemplified by its human interface. The knob in
the upper lefthand corner ofthe keyboard can be used in the
program-edit mode to provide rapid scrolling through the
program text, an almost addictive feature. As with earlier
desktop computers, the 9826A and 98364 have softkeys.
However, they have the additional capability to associate
labels with ten of the softkeys and to display them on a
reserved area of the CRT (cathode-ray tube) display while a
program is executing. This feature can be used to provide an
operator interface in a menu-driven program. Another addition to the human interface becomes apparent when the
system detects an error, either in parsing or executing a
program. The error message, instead of just the error
number, is displayed on the CRT.
The friendliness and ease of use of 98264/9836,{ BASIC
is not limited to its human interface, but extends through
the rest of the language as well. Various enhancements to
9835/9845 BASIC that have proved very useful, such as the
IF...THEN...ELSE...END
IF construct, have been incorporated
in the first release of 98264/9836,t BASIC. Changes were
made to 9835/9845BASIC to make it easierto use. The most
radical changes appear in the I/O sublanguage.
However, making changes to 9835/9845 BASIC was difficult because of the concern for the investment the owners
of these systems have made in software development. To
help them convert their current software to 98264/98364
BASIC, a translation program is available which can do
most of the job automatically. It prompts the user for help
when needed, and also reports complicated situations that
need to be reworked by hand.
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Fig.1. Map of userRAM for 98264 BASIClanguage systern.

BASIC: UO Sublanguage
From our customers we learned that for instrument control and testing applications, they favor the 9825's direct
approach to UO over the implicitly buffered approach used
by the 9835 and 9845 Desktop Computers,so we adapted
9825-styleI/O to BASIC syntax. That is, all 9826A/98364
BASIC device I/O is under the direct control of the programmer instead of being buffered at the system's discretion, In addition, the UOlanguageis unified so that the same
keywords are used to communicate to devices and files.
The "glue" thatunifies the I/O sublanguageis theaSStGN
statement.An ASSIGNstatementassociatesa name and a set
of attributes with an I/O path. (An example of an attribute is
FORMAT,whose value specifies whether the data transmitted is assumed to be encoded in the machine's internal
representationor in ASCIL*) For greater flexibility, this
association is formed at statement execution time. not at
program prerun. Variations of the ASSIGNstatement allow
the programmer to change the attributes associatedwith a
defined UO path or to cancel the association.
The resulting I/O sublanguageis much simpler to use
becauseof the ASSIGNstatement.Only two keywords, OUTPUTand ENTER,
areneededto sendand receivedata.This is
the caseregardlessof whether the interaction is with a file
or an internal or extemal device.In the 9835and g845,only
select codes could vary their attributes.In the 9826A and
9836A, attributes can be associatedwith files as well.
Another big advantage of the unified I/O is that it is an
extremely simple matter to redirect I/O from one place to
another. Only the ASSIGNstatement must be changed to
specify the new object and its attributes.Indeed, subprograms can be written to do I/O without knowing what kind
of I/O paths they are using. Still another advantageto this
system is its flexibility. New types of I/O paths can be
supported very easily by extensionsto the language.The
programmer will only need to learn how to define VO path
'American Standard Code for inlormation Interchanoe

Development ot 9826A/9836A BASIC
Many of the technical challenges that arose as we were
implementing 98264/9836ABASIC resulted from the goal
of making it run twice as fastas HPL on the 9825.The 68000
used as the CPU (central processingunit) runs at 8 MHz,
somewhat faster than the 6 MHz achieved by the 9825's
CPU,but not sufficiently faster to give the desired speedimprovement.To complicatematters,9826A/9836,\BASIC is
a much more involved languagethan HPL. HPL can use a
fixed-length symbol table because only single-character
variable names are permitted. In 9826A/9836ABASIC,becausevariable names may be up to 15 characterslong, a
variable-lengthsymbol table is required. This means that
operand fetchesare more complicated.In addition, BASIC
subprograms have separateenvironments, whereas HPL
subprogramsshare the maih program's environment. The
result is that BASIC programs incur significantly more
overheadwhenever a context switch is required. An additional slowdown results from the fact that approximately
B0% of the BASIC systemwas coded in Modcal.** Assembly languagewas used only for speed-criticalareassuch as
I/O, graphics,and arithmetic and for very low-level operations for which Modcal was inadequate.Modcal gave us
many advantagesin reducing the time and effort required to
develop and debug the system,but as expected,the code
produced by compiling Modcal is not optimal.
The most obvious way to obtain speedwould have been
to write a BASIC compiler rather than an interpreter.However, several factors favored an interpreter. Interpreters are
generallyeasierto write and debug,and the codeproduced
by an interpreter is usually much more compactthan compiled code. Thus a customercan solve the same problems
with less memory, saving the cost of additional memory.
Furthermore,our customershavecometo expecta friendly,
easy-to-useprogram development environment which an
interpreter can provide. We felt that an interpreter would
better serve their needs,so we set about producing a fast,
friendly interpreter.
The fact that the 98264 and 9836A have a large, Iinear
memory was an enormoushelp to us in making the systems
meet their speedgoal. It meant that we could assumethat
there would be sufficient memory for program execution
without resortingto block-switching or other memory overlay techniques.Fig. 1 shows a simplified map of user memory. A static area for COMmonoccupiesthe high end and
just below this areais the value areafor the COMvariables.
Next comesthe main program'sdynamic area,followed by
a dynamic area for each invocation of every active subprogram. Thesedynamic areai form a stackthat grows toward
the low end of memory. At the low end of memory is space
reserved by the system software intermixed with binary
programs. fust above this is the static area for the main
program followed by a stack of similar static areasfor each
subprogram in the system. This stack grows toward the
high end of memory.
**Nilodcal,developedby HP'sDesktopComputerDivisionlor internaluse, is an extended
form of Pascal.
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Each static area for the main program or a subprogram
consistsof a header containing information about the associated program block and the layout of the rest of the
static area.It also containsa symbol table,a token table,the
internal code, and a dimension table. The static area for
COM is similar, but contains no internal code. The static
areasare built at program entry and program prerun time.
When the ENTERkey is pressedto signify the end of a
statement,the parser parsesthe line, builds and partially
initializes the symbol table, builds the token table, and
emits internal code in reversePolish notation (RPN).
The internal code was designed with both execution
speedand languageexpandability in mind. It is sequential
for simplicity and compactness.Sinceit containsonly relative addresses,moving the internal code when it is necessary to exp.andthe symbol table during program entry does
not slow the system unduly. All referencesto program
variablesin the internal code are given as indexes into the
appropriate symbol table. This helps execution speed by
eliminating symbol table searches.The system does not
retain the actualsourceline, but can recreateit by meansof
a backlister.When the RUNkey is pressedor the RUNcommand is executed,the system performs a prerun on the
entire program.During this prerun phase,each static area
is completed. The header and symbol table are filled in,
and a dimension table containing the declareddimensions
of every array is built. The COMvalue area is also created,
the structured programming statements are statically
matched [e.g., each FORstatementis associatedwith exactly one NEXTstatement),and the internal code is modified to include the branching addressesassociatedwith
theseconstructs.After the prerun, the systemusesa tabledriven interpreter to executethe internal code.
When execution begins, a dynamic area for the main
program is createdimmediately below the COMvalue area,
and the interpreter begins executing the main program's
internal code.Another dynamic areais createdon top of the
dynamic stack each time a subprogram is invoked. Each
dynamic areacontains a completecurrent environmentfor
either the main program or a subprogram invocation
(98264/9836ABASIC is recursive)and includes a call
block, pointersto parameters,a copy of the dimensiontable,
the executionheader,storagefor the valuesassociatedwith
FORloops, and the value areafor statically and implicitly
declared local variables. The size of this portion of the
dynamic area is known at subprogram invocation. It is
pushedonto the dynamic stackand parts of it areinitialized
at this time. The dynamic area also contains storagefor
variablescreatedin ALLOCATEstatements,for the control
blocks associated with event-initiated branching statements (ONs),and for a GOSUBreturn stack.It also has room
for temporary structuresused during statementexecution
and for expressionevaluation.Theseareasare createdand
destroyed as necessaryduring execution, but always according to a strict stack managementdiscipline.
Certainly some of the data structuresand operationsdescribedabovesound more complicatedthan necessary.The
reason for introducing these complications is to obtain
greater execution speed. The speed penalties associated
with a variable-lengthsymbol table are partially overcome
by making each symbol table entry the same length. Thus
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eachsymbol tableis an arrayof recordsand can be accessed
efficiently by the interpreter.To make fixed-length symbol
table entriespossibleneither the identifier namesnor their
values are kept in this table. The names are stored in a
separatetoken table in the staticarea,and eachsymbol table
entry contains an index into the token table. Token table
entries are variable in length, and hence the token table
must be searchedwhenever it is accessed.However, the
token table is used only during parsing and when it is
necessaryto recreatethe programsource(e.g.,for listing the
program), so it is not important that accessbe fast. The
values are stored in the dynamic area at the high end of
memory, just below the COMstatic area, Values are represented in the symbol table by an offset from the base
addressof the dynamic area.Theseoffsetsare determined
and stored in the symbol table during program prerun,
along with the size of the value area.Hence,at subprogram
invocation time, the value area can be pushed onto the
dynamic stack very quickly.
Several language restrictions were necessaryto implement the system as described.It is not possible to edit a
program without stopping it. Furthermore,statementsthat
are to be executeddirectly (i.e.,are not part of a program)
may not introduce new variables.SUBroutineand DEFine
FunctioNstatementscan only be appendedto the end of the
program, not inserted randomly in the code. Similarly, to
delete a SUB or DEFFN statement,the entire subprogram
must be deleted in the same operation. Declaratorystatements such as INTEGERare processedat program prerun
and hencemust use constantsrather than numeric expressions to specify anay bounds and string lengths. ALLOCATE, on the other hand, is processedduring program
executionand may contain expressions.Becausestructured
programming statementsare statically matched at prerun,
programs that attempt to abuse these structures [e.g., by
branching back and forth betweenFORloops) will not produce the expectedresults.
Execution speed was also enhanced by doing binary
arithmetic instead of binary-coded-decimal (BCD). The
9825 uses BCD representationsof numeric data, but the
9826r\and gB36,\usetwo's-complementrepresentationfor
integers and the proposedIEEE 64-bit floating-point standard formatfor real numbers.In this way, we are ableto take
advantageof the 68000 microprocessor'sbuilt-in instructions for integer arithmetic. Using binary arithmetic has
severaladvantagesin addition to speed.First, binary computations lend themselvesto easiererror analysis.In addition, binary representationis much more compact so that
for the same amount of storage space-64 bits per real
number-we are able to get 15 decimal digits of precision
versus 12 digits in the 9825 and are also able to support a
much larger range of exponents.
Another way in which the 9826A/9S36ABASIC system
met its speed goal was reducing the interpreter's end-ofline overhead. There are many conditions that must be
tested after each line is executed (e.g.,is trace output required, is there any event-initiated branch that should be
serviced,and is there a statementwaiting for direct execution?). In all, sometwenty or more testscan be performedat
the end of every line. Ratherthan perform all of thesetests
for each line, we introduced a master bit that is set

wheneverany of theseconditions becomestrue. The master
bit is always checkedat the end of a line. If it is false (which
is normally the case),no further testsneed to be performed.
Only if it is true does the system do exhaustivetesting to
determine the required actions.
The large memory in the 98264 and gs36A allows the
interpreter to run faster becausestack overflow is highly
unlikely. A block of memory that is large enough to allow
the evaluationof a worst-casenormal numeric expressionis
reservedat the end of the static area.The dynamic stack is
not allowed to grow into this area unless the system is
evaluating an expression.Operationssuch as subprogram
invocation that require a large block on the dynamic stack
do an overflow check, but most operationsdo not need to
make this test.
Becausethe 9826A and 98364 are designedto be HP's
premier HP-IB instrument controllers, I/O speed is of
paramount importance. For this reason, most of the UO
system was written in assembly language. The strategy
usedby the I/O systemis much the sameasthe strategyused
to expeditesubprograminvocation,namely doing as many
operationsaspossiblebeforethe actualdatatransferbegins'
The speedoptimization begins at systempower-up. At this
time, the systeminitializes a selectcode table that records
such information aswhether or not an interfaceis in use,the
type of interface, and the location of the appropriate I/O
drivers. Individual I/O statementsconsult this table rather
than determine the necessaryinformation on their own'
EachI/O operationis divided into threephases:initialization, data transfer, and termination. The initialization
phaseincreasesspeedby minimizing the per-byteoverhead
associatedwith data transfer.During initialization, the interpreter determinesthe source or destination of the data
transfer,what I/O driver is to be used,and whether the data
is to be encodedin internal form or in ASCII. This information is stored away in a temporary table on the dynamic
stackwhere the systemcan refer to it for the duration of the
statement'sexecution. Certain procedure variables (variableswhose values are procedurenames)that will be used
to accomplish the data transfer get values at this time. The
I/O driver also checks validity during initialization. For
deviceUO,the driver determinesthat the specifiedinterface
doesindeed exist and that the sourceor destinationaddress
is valid and then addressesthe bus. For files, the driver
locatesthe place on the storagemedium where the operation is to begin.
BASIC Enhancements
Languageenhancementscan take on two forms: adding
totally new statementsor adding new syntaxand semantics
to existing keywords. Either kind of enhancementcan be
difficult to implement unlessthe systemhasbeen designed
for expandability.
Part ofthe solution to the expandabilityproblem involves
both the parsing strategyand the designofthe internal code
generatedby the parser.9826A/9836ABASIC parsesa program statementwhenever the ENTERkey is pressed.It also
parses statements entered from the keyboard when the
key is pressed.In either case,if there are syntax
EXECUTE
errors,they are reported and no further action is taken. Of
course,a given line might be erroneousif some enhance-

ment is absent, but perfectly correct if that enhancement is
part of the system. To allow such lines to be parsed properly, we adopted the following strategy. The initial 98264/
98364 BASIC system has its own syntax module, and so
does each of the enhancements. The parser for the initial
model of the 98264 or 9836A always begins the parsing
process. If it does not recognize a token, it does not report an
error immediately, but first polls each enhancement's
parser to see if any ofthem can handle the token in question.
If any of the enhancements does recognize the mysterious
token, it parses it, generates the appropriate escape sequence and internal code, and then returns control to the
main parser. Only when none of the parsers can deal with
the token is a syntax error generated.
To understand how the enhancements are processed at
execution time, it is necessary to understand the design of
the RPN internal code generated by the parser. At execution
time, this internal code is processed by a table-driven interpreter. Each operand is represented by an index into the
appropriate symbol table array. (Op codes 1 through 127 arc
reserved for operands. The first one hundred are simple
indexes. The remainder are used only as the first byte of a
two-byte encoding of a symbol table index. Using this
scheme, each symbol table can accommodate approximately 7000 entries.) Each operator is represented by one to
three bytes. To maximize both execution speed and code
compactness, single-byte op codes are assigned to the more
frequently used operators and two-byte op codes to the less
frequently used operators. A single-byte op code is an index
into the primary interpreter table. The first byte of a twobyte op code sequence identifies a secondary interpreter
table, and the second byte is an index into that table. A
three-byte op code is always associated with an operator
supported by a language enhancement. The first byte identifies the op code as a three-byte sequence, the second byte
identifies the enhancement that supports the operator, and
the third byte is an index into the enhancement's interpreter
table.
The scheme outlined above solves many, but not all, of
the language enhancement problems. It works well for adding totally new statements to the language, but it often
breaks downwhen an existing statement is enhanced. As an
example, consider file I/O. The only mass memory device
supported by BASIC in the initial model of the 9826A is the
internal flexible disc drive, but the first set of enhancements
allows use of the HP 9895 flexible disc drive as well. The
process of writing data to a file on the 9895 is totally different from writing to a file on the 9826A's internal flexible
disc unit, yet the programmer uses the same statement for
either operation. In the past, problems like this were often
solved by making the enhancement ROM support both the
old and the new capability. This strategy is fraught with
problems, not the least of which is that after several enhancements the system may contain multiple versions of
code to do fsupposedly) the same thing, and all but one
version will be ignored. We were determined to avoid this
situation whenever possible. To do so, we devised an elaborate system of "hooks." In many cases, hooks consist of
procedure variables in the implementation code. The action
taken at a given time depends on the procedure name that is
the value of the variable when it is encountered. Such hooks
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are incorporated in the system everywhere extensions can
be reasonably anticipated. So far, they have proved very
effective in eliminating code duplication.
Since the 98264 and gB36,4,put such a strong emphasis
on UO, this is one area in which many enhancements were
anticipated. The hooks in the I/O implementation are thus
extremely important. As mentioned in the discussion of I/O
speed, each UO operation is divided into three phases: initialization, data transfer, and termination. Each of these
phases is further divided into an object-independent and an
object-dependent (I/O driver) portion. The objectindependent code performs all manipulations that are independent of the source or destination of the I/O. Among
these are data conversion and formatting. The objectdependent code performs the rest of the operation and is
tailored to a particular source or destination. There is a
standard interface between the object-independent and
object-dependent routines. By using procedure-variable
hooks at this junction, it is relatively simple to support new
hardware interfaces by adding only I/O drivers. The beauty
ofthis approach is that such additions are transparent to the
programmer.
HPL
The use of HPL began in February of 1972 with the introduction of HP's gB20 Programmable Calculator.l By the
time the gB25A2 was introduced in lanuary 1976, HPL had
evolved into a sophisticated programming and I/O control
language. Today, there are over 28,000 9825 systems installed worldwide, proving that HPL has made a home for
itself.
While the 9825 and its language have become popular
with HP's customers, HPL is not a current-technology language: there is no real structured programming capability.
Variables are single letters, not multicharacter. It is cryptic
and often hard to read. Parameters and local variables for
functions and subroutines are limited to simple numerics.
So one might justifiably ask the question, "Why would
Hewlett-Packard implement HPL on another machine
when BASIC and Pascal are better choices?"
The answer lies in the recognition that the cost of
software is continually increasing while the price/
performance ratio for hardware has been plunging downward. Computer users are looking for ways to increase performance by moving to new hardware without having to
discard their previous investment in software.
The overriding goal of the HPL.project for the gB26'\ and
98364 was to provide a way for gB25 users to run their
existing software on new-technology hardware. The key
strategies for achieving this goal were to maintain a similar
internal architecture by translating 9825 system code to
68000 code and to place gB25 compatibility as the highest
priority of that translation process. As will be seen
shortly, even some performance is sacrificed to maintain
compatibility.
The second objective of the project was to add language
enhancements that would either complement the new
hardware available in the 9826A and 9836A or fill in known
deficiencies in the language. The knob, alphanumeric and
graphic CRT displays, Iarge readiwrite memory, built-in
flexible disc drive, programmable beeper, powerfail, and
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real-time clock are examples of hardware features for which
HPL language extensions were desired.
Development of 9826A/9836A HPL
The design team had to address four major challenges to
meet the objectives: human interface, mass storage, I/O, and
mathematics.
In the area of human interface, much of the 9825's editing
and operator I/O was designed around a 32-character,
single-line display and a 1O-character strip printer. One of
the major enhancements of 98264/98364 HPL is the implementation of multiline editing and a smolling "soft
printer" on the CRT. For the scrolling printer, the number of
pages of information that can be maintained off-screen can
be programmed from a minimum of two pages to as many as
the available read/write memory can hold. Also, the SBZS
definition of special-function keys is extended on the
9826,4'and 9836,{.to allow labels to be displayed on the CRT
and to allow the keys to be individually definable from a
running program.
Another important hardware feature available on the
98264 and 9836A is CRT graphics. The HPL system has
been extended so that plotter commands that on the 9825
were always directed to an external plotter can now be
directed to the graphics screen. Some new statements
necessary for CRT graphics were also implemented.
The mass storage system is an area where creative solutions have allowed the 9826A and 9sg6A to be compatible
with the 9825, yet still provide a real performance contribution. The 9825 has two distinct mass storage systems: tape
and disc. The internal tape cartridge uses a nondirectory,
file-by-number system and is accessedby a set of statements
independent of the directory-based, file-by-name disc system. It was necessary to implement both systems, but how
could it be done on only one device? The disc system was
the most natural fit with the built-in flexible disc drive, but
what could be done with the tape statements?
The solution to the dilemma was simultaneously mapping tape file numbers into disc file names and tape statements to disc statements. Consider, for example, a tape
statement such as rcf 5 which would be used to record the
current program onto tape file 5 of the current tape track,
say track 1. In the S826A and gSaOA, such a statement
will cause the program to be saved onto disc file T1F00b.
Thus all actions dictated by tape statements are emulated
on the disc.
Another key feature of the SB26Ai9S36A HPL mass
storage system is the unified approach to all devices. The
same tape or disc statements can be used to access several
devices (internal flexible disc, or external gBBs,9895, 9134,
B2SO1.,82902). The 9134, 9885, and 9895 support two
different formats: one compatible with the 9825, 9835, and
9845 computers and the other, HP LIF (logical interchange
format), compatible with gsZ64/9836,t BASIC and Pascal.
One of the major uses of the 9825 is as an I/O controller,
and a majority of HPL software uses direct I/O card register
access.However, the UO interfaces ofthe 9826,4,and gBg6A
are of completely new design and the card registers R4
through R7 no longer exist. To provide compatibility with
existing HPL programs, the 98264/9836,4. HPL system provides a software emulation of the 9825I/O cards. Internallv.

The mainobiectivesin writingthe 98264/9836AHPLarithmetic
routineswere 100%compatibilitywiththe 9825 and performance
that met or exceededthat of the 9825.Becauseof majorarchitectural differencesbetweenthe two processors,a switchto binary
arithmeticwas consideredearly in the project.The BPC (binary
processor chip) used in the 9825 has two floating-pointaccumulatorsand ten instructionsfor manipulating12-digit BCD
numbers.rOn the otherhand,the 68000CPU has onlythreeBCD
arithmeticinstructions(add, subtract, and ten's complement),
and these operateon only two BCD digits at a time.
Most of the HPL language system was translatedfrom BPC
assemblylanguageto 68000assemblylanguage.However,this
was impracticalforthearithmeticroutinesbecauseof the high use
ol custom BPC math instructions.As a result, the arithmetic
routineswerewrittenf rom scratchusingthe 9825onlyas a definition of what each operationshould do. Speed was obtained by
applying a number of programmingtechniques:
1. Heavyusewas madeof in-linecode insteadof subroutinesand
loops.
2. Conditionalbrancheswere organizedto minimizethe execution time of the most commonlytaken path.
3. Instructionsand addressingmodeswere carefullyselectedto
minimizeexecutiontime.
4. The multiplyand divide operationswere implementedusing
base 10000.Withthis technique,BCD numbersare converted
to base 10000, the base 10000 numbers are multipliedor
Original Number Format:
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divided usingthe binarymultiplyand divide instructionsof the
68000, and the resultis convertedback to BCD.
5. Executiontimes for multiplyand divide operationswere further
reduced by providingspecial routinesior handlingnumbers
with fewer than five significantdigits.
Eachof thesetechniquesprovedusefulin reducingthe execution time of arithmeticoperations.However,the resulting68000
code is severaltimes larger than its BPC counterpart-a small
price to pay for the added performance.
Of special interestis the use of base 10000to speed up the
multiplyand divide operations.This techniqueworksas follows.
First, the l2-digit BCD mantissa is converted to a three-digit
base-10000mantissa(see Fig. 1). Each base-10000digit represents four BCD digits, and is stored as a 16-bitbinary number.
Next,the binarymultiplyand divide instructionsof the 68000are
used to perform a multiple-precisionoperation on the three
base-10000digits. The base-10000result is convertedback to
BCD, afterwhich roundingand normalization
operationsare performed.The conversionto and from base 10000involvesa combinationof table lookupand arithmeticoperations.Note that the
base-10000representationis only an intermediatestep in the
floating-pointmultiplyand divide operations.Floating-point
numbers on the 9826A/98364HPLlanguagesystemare storedin the
same BCD format as in the 9825.
It may seem that the multiplyand divide operationsare iaily
complex,and they are. However,the executiontime for the entire
operation(includingconversionto and from base 10000)is onehalf to one-thirdthat of the 9825. Becausea similartechnique
could not be found for the floating-pointadditionand subtraction
routines,these operationsexecute at approximatelythe same
speed as their 9825 counterparts.
Once the arithmeticroutineswere comolete.their operation
had to be verifiedagainstthe 9825 Ior 1OO/"compatibility.This
was doneby connectinga 9825and a 98264 back{o-backvia the
HP-lBand runningmillionsof operandsthroughthe routinesand
comparing the results.The final routines ran for several days
withoutfinding any discrepancies.On the 98264, even the random numberfunctionproducesexactlythe same valuesas the
9825.

-Andy Goris

3-Digit Base-lOO0Ollantissa
(16 Bits Per Base-lfi)(x) Digit)

Fig. 1. Conversion of BCD number tormat to base-10000
format.

each gBzoA/gB36AUOcard driver maintains sufficient state
information to construct responsesto card register accesses
that will match what a 9825 systemwould have obtained.
The fourth major challenge area for the proiect was the
mathematical calculations. The 9825 system uses BCD (binary coded decimal) representationsof numbers along with
special processorinstructions to operate on BCD values.
The 68000 CPU lends itself to binary representationsbetter
than to BCD, and has very little processorsupport for BCD
operations at all. Since compatibility was the number one
objective, BCD representation of numbers has been maintained in the 98264/98364HPL system.However,a special
base-10000mathematics package is implemented internally to take advantageof the multiply and divide instructions of the 68000CPU (which operateon binary numbers).
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See the box on this page for more details on this conversion
to base-'l0000 arithmetic.
If compatibility with the 9825 was the primary objective,
it is reasonable to measure the success of the project by how
easy it is to run 9825 programs on a 98264 or 9836A. The
results of running many real applications indicate that
many 9825 HPL programs run without modification. There
are, however, certain 9825 machine characteristics that
were impossible to duplicate on the sB26A and 9836A, and
so there will be some programs that require minor changes.
The incompatibility is confined to the following areas:
r I/O cards-some low-level control could not be emulated
exactly because of new hardware design.
I Binary and memory files-because of the new processor
and changes in internal data structures, files containing
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binary programs and memory images are not compatible
a Memory use-some data structures now require more
read/write memory. However, this is rarely a problem
since the basic 98264 or 98364 Computer System has
more memory than a 9825.
r Real-time clock (RTCfthe 98264 and 9436A support
special mnemonics to accessthe internal RTC instead of
the UOstatementsused on the 9825 to accessan external
RTC.
r Keycodes-the hardware keycodeson the 9825 and the
9826A and 98364 are different, although a simple subroutine (included with the system) translates the new
codes into the old codes for programs that expect the
latter.
Unlike the incompatibility list, the enhancement list is
quite long. Some of the enhancementsare new uses of
existing mnemonics while others are new mnemonics.
a CRT/Graphics:multiline editor, independent enable of
the display of alphanumerics (text), key labels, and
graphics, separate display areas for program and
keyboard-executed display statements, full graphics
support including binary plot, pointer, and graphics
load/store,alphanumeric and graphics dump, and read/
write alphanumeric text from any area of the display.
r Keyboard: full international keyboard support, program
interrupt from knob, programmatic definition of softkeys
and their labels,ability to push any key from a program or
softkey, and ten-deep recall stack.
r Real-time clock: time-of-day clock and program interrupts basedon time match, time delay, or cycle.
e I/O: read and write accessto buffer pointers, ability to
abort an active transfer, ability to set EOI(end or identify)
on the last byte of an HP-IB transfer, accessto two channels of DMA (directmemory access)and useof DMA with
HP-IB, "printer is" command for setting the default
printer device, and cancelling of on-interrupt branches.
r Mass storage:tape emulation on disc, "mass storageis"
command for setting the default massstoragedevice, and
unified mass storagecommands.
n Powerfail (if installed; this is a hardware battery backup
option to be available in the near future): a program
interrupt can be enabled in the event that power is removed for more than a specified time, allowing for
checkpointing or other corrective action.
r Miscellaneous:32 user flags, string/numericconversion
to any base, read, data, and restore operations for program constants,and accessto the programmable beeper.
Pascal
Pascalon the 98264 and 9836A combinesthe appealof a
modern, well structured and widely accepted programminglanguagewith the computing powerof compiled
code and a state-of-the-artmicroprocessor. The product is
both an easy-to-usePascalprogramming environment and
a completesystemdevelopmenttoolbox for the 98264 and
98364. Unlike previous HP desktop computer products,
this software system gives programmers direct.and complete access to all the hardware resources built into the
98264 and 9836A mainframes.
Earlier in this article it was mentioned that the BASIC
language system is largely written in Modcal, a program3{l Hewrerr-pecKAnDJoURNALMAy 1982

ming language used internally at HP's Desktop Computer
Division. Modcal consists of the HP standard Pascal languageand some extensionsfor system programming. Many
of the extensions were derived from the Modula language
designedby N. Wirth.3
The software tools used to develop BASIC were also written in Modcal, and although they did not originally run on
the 9826A, they were adapted to it for imirroved performance when prototype hardware became available. This
processinvolved compiling the programs into native 68000
code, and designing and implementing an UO subsystem.
The 98264 became its own development environment,
with a compiler producing native code, an assembler, a
linker. and some other utilities.
Thesetools havebeendevelopedinto production-quality
software offering these features:
r The user-friendliness HP's products are known for
. A modern, highly structured programming language
t Assembly language for people who want it
r Complete access to all hardware resources with
minimum system interference
r Very fast program turnaround, with immediate execution after compiling
r Execution speedsclose to the limits of hardware performance
r Demand linking and loading (no explicit user action
neededJ
s Effective use and management of compiled code module
libraries
r Debugging to the register level if necessary
E Smooth transition between normal execution and debugging modes
r Full use of the 16-megabyteaddressspaceof the 68000
CPU, including use of memory as a very-high-performance mass storage medium
r System easily tailored to have a new personality defined
by the programmer.
Unlike BASIC and HPL, in which the entire language
system is always resident in read/write or read-only memory, the 9826A/98364 Pascal environment is broken into
subsystems which are loaded from mass storage when
needed. The most important components are:
r Linking loader and file system
r Command interpreter
r Debugger
r HP standard Pascal compiler
r 68000 assembler
r File manager
r Screen-oriented editor
r Librarian
The system presents itself as a hierarchy, with the command interpreter at the top and the compiler, editor, file
manager, assembler,and librarian as subsystems.At each
level in the hierarchy the user is prompted with a menu of
commands. A command is typically a single keystroke. For
instance, at the highest level the system prompts:
Command: Cmplr Edit File Init Libr Run Xcut Ver
Typing C invokes the compiler, E or EDIT calls up the
editor, F brings in the file manager,and so on. Each subsys-

tem in turn always prompts with its own list of capabilities.
The program developmentsequenceis very simple. The
editor is usedto build or modify a sourceprogram,which is
saved in a file in memory or on mass storage.The user
pressesthe RUNkey. If the compiler notices a syntax error,
the editor can be invoked; it will place the cursor at the
point where the error was detected. If there are no syntax
errors, the program will immediately be loaded and begin
execution. SubsequentRUNcommands will not recompile
the program unless the editor has been used to modify it.
The editor is an in-memory, screen-orienteddesign (no
line numbers). It can edit as much text as the computer can
store in its memory. It has complete search-and-replace
capability, and can run in either program mode or
documentation mode. Portions of text can be moved or
copied.Full, smoothscrolling accessto the entire edit file is
provided by the knob on the keyboard.
The compiler normally acceptsHP standardPascal,conforming to the corporate standard. It can also restrict programs to ISO Pascal, reporting any violations of the proposedinternational languagestandard.It can also on request
acceptmost of the languageextensionsof UCSD Pascal(a
trademark of the Regentsof the University of California), so
programs written in that language will transport easily.
Finally, it can be told to accepteight systemprogramming
extensions chosen from DCD's internal Modcal language.
These extensions are necessaryto provide error trapping
and full accessto the 98264/9836Ahardware set.
Compilation is a one-passprocesswhich translatesprograms into an internal tree representation from which code
is generated.The output is relocatableobjectcode,ready to
run. Compilation speeds exceed 4000 lines per minute
when the source and object files are stored in memory.
The two-pass assembler accepts 68000 instruction
mnemonics in the syntax defined by the manufacturer, and
produces object code in the same format as the compiler.
Either absoluteor relocatableassembliesare possible.Assembly speedsare up to 4000 lines per minute.
The debugger allows stepping through an executing
program one line at a time, or one machine instruction at a
time, As the program executes,the line numbers can be
displayed at the lower right corner of the screen.A history
queuecan be kept of the last 63 line numbersor instruction
addressesexecuted,so it's possibleto seehow the program
arrived at the point where an error happened. Errors can be
trappedbeforethe programis aborted,and the entire stateof
the CPU registersas well as all of memory is accessibleat
any time while a program runs. The debuggermaintains its
own screenand human interface,so the normal user screen
content is not disturbed by debugging action.
Up to 50 logical devices can be on-line at once. Many
logical devicesand their directoriescan be on a single large
mass storage device. The file manager can create and
examinedirectories,copy, purge, or renamefiles, and back
up entire logical devices.
98264/9836APascaldefines a method by which incomplete portions of a program, called modules, may be compiled without referenceto any programthat may ultimately
use them. A module, even after being compiled, carries
with it the precisespecificationof how it must be interfaced
to any other program or module.

A library is simply a file containing programs or modules
of code, The output of the compiler, assembler,and librarian is always a library. A program using precompiled
modules simply specifies that they are to be imported from
some library; thereafter, the compiler and linking
mechanisms automatically bind the module into the program. Libraries may be resident in memory or found in mass
storage.
The librarian provides three library management
capabilities: linking, constructing libraries, and disassembling libraries. Ordinarily, linking occurs without intervention when a program is run. The librarian's explicit
linking function is mainly for use in generating an entirely
new system. Constructing a library is simply the processof
collecting modules of code into a group so they can be
conveniently managedtogether. To disassemblea library is
to examine any or all of its modules in detail-the interface
specifications,linkage information,and evenmachinecode
can be displayed on demand.
A standard library is supplied with the system.It contains
modules with about 150 procedures to perform device VO,
interactive graphics,and disc file interchangewith many
other HP computer systems.These library routines can be
used by any Pascalapplication program.
Direct I/O to peripheral devices is supported in four
different transfer modes over HP-IB, RS-232-C,and t6-bit
parallel interfaces. Fast handshake transfers are done in a
very tight loop, with the 68000 CPU devoting full attention
to processingeachbyte or word ofdata as quickly as possible. Interrupt mode allows the CPU to initiate a transfer,
then go on to other work. Whenever the peripheral device is
ready to transfer a unit of data, it interrupts the CPU with a
request.Burst transfer is a combination mode, initiated by a
peripheral interrupt and completed in a fast handshake
loop. The fourth transfer mode usesa very high-speed DMA
conholler, instead of the CPU, to service data requests.
DMA transfers are normally overlapped with other computation by the CPU.
The graphics routines, which will be familiar to some
readersas a subsetofthe DGL graphicslibrary availableon
HP 1000 Computers,produce two-dimensional drawings
suitable for many design and engineering applications.
Graphical output can be sent to the built-in display, to
extemal color monitors, and to a variety of plotters. Line
drawing is very fast-about 2500 6-mm vectors per second
can be drawn on the built-in display. Input can be taken
from the knob on the keyboard or a digitizing tablet.
There is no distinction between user and system programs. In fact, the command interpreter is a relatively simple program that allows the user to executeother programs
or subsystems,and to catch and report errors. It's easyto
replace the command interpreterwith any other program,
resulting in a system that can only do what the substitute
program knows how to do.
The linking loader and file system form the kernel of the
system, the only part that has to be present for a single
Pascal program to run. The loader is able to bring both
programs and modules into memory. It also remembers
what is in memory. This meansthat modules can be loaded
once, then used over and over by subsequentprograns.
This feature can be used to extend or override svstem
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capabilities. Programs can also be loaded and retained in
memory, to be called whenever they're wanted. When this
is done, they are immediately executable. No later accesses
to mass storage are required.
The operating system, consisting of the file system, IiO
drivers, Iinking loader, and command interpreter, is a set of
memory-resident libraries, most of which are written in
Pascal. This means that the services provided can be called
on by programs or other modules. Moreover, a programmer
can construct custom modules that extend the capabilities
of the system. Such extension modules are bound into the
system simply by loading them, and there is an easy way to
cause them to be loaded automatically when the computer
is turned on.
The system can also be tailored by removing capabilities.
All of the components mentioned above, except the linking
loader and file support package,can be removed or replaced
by the user in a few moments.
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DataCommunicationsfor the 9826A
and 9836AComputerSystems
by Carl M. Dierschowand RobertP. Uhlrich
S COMPUTERSbecomemore common throughout
the world, the need to exchangedata betweenthem
also increases.Data communicationsis no longer a
luxury; it is a necessity. The HP Model 98628,{ Data
CommunicationsCard provides this communication path
for the S826A and 98364 Computer Systems.
The 986284 card is a newly developedserial data communications interfacefor the 98264 and 98g6,4'.It handles
many asynchronous protocols and the Hewlett-Packard
Distributed SystemsNetwork/DataLink (DSN/DL)protocol.
This interfacefits well into terminal emulation applications
becauseit is able to handle many dialects of asynchronous
communications including half duplex, full duplex, and
enquire/acknowledgeor start/stophandshakes,as well as
automatic detection of end-of-line and prompt-character
sequences.It is also able to drive a variety of RS-232-C
peripherals.
The datalink protocol servicedby this card is tailored for
data gathering applications in which an HP 1000 or HP
3000Computercontrolsthe operationof a factory floor. The
protocol is handled automatically for the user, including
blocking and full data transparency.
The 986284 is supported by the BASIC and Pascallanguagesused in the 98264 and 9836,4,.It usesthe sameI/O
statementsas other interfacesfor these systems.
The 9862BAcontainsthreeindependentdataand address
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Fig.1. Block diagram of HP Model 98628AData Communications Card.

buses:the mainframe, internal ZB0 and shared buses (see
Fig. 1). The mainframe bus provides a direct connectionto
the 68000microprocessor'smemory bus. The internal ZB0
bus connects the ZB0 microprocessor, timer, serial I/O
(inpuUoutput)chip and programROM (read-onlymemory).
The RAM (random-accessmemory) and hardware registers
are connectedto both the ZB0 and the 68000by the shared
memory bus. All interaction between the 68000 and the
card's ZB0 is performedthrough the RAM and registerson
this bus.
Maintrame Interface
The 98628,{ card containsa 2K-bytestatic RAM which is
used to implement a powerful data communication interface to the 9826A and 98364 mainframes.It is sharedbetween the processorsin the mainframe and the 986284
card, meaning that both are allowed to readfrom and write
to the memory. The arbiter ensuresthat both processorsare
not allowed to accessthe memory simultaneously. This
sharedmemory fits well with the systemprocessorwhich
performs all of its I/O via a memory-mapping mechanism
allocating 64K bytes to each I/O card.
The shared memory contains receive and transmit buffers. Both are implemented as dual circular buffers. One
buffer of the pair is reserved for control information, while
the other contains only data characters.A hardware
semaphoreprotectsaccessto critical pointers in this shared
buffer scheme.
To satisfy some of the special mainframe I/O requirements,three specialmemory addressesErreimplementedin
discretehardware,and the first two locationsof the shared
RAM are supplementedwith additional hardware. These
special additions supply:
r A constant ID register, which uniquely identifies this
type of card
n A mechanism whereby the card can interrupt the mainframe processor
r A mechanismwhereby the mainframe can interrupt the
card's processor
r A hardware semaphorethat is used by the firmware to
control accessto critical resourcesin the sharedmemory
for short periodsof time.
The card-to-mainframeinterrupt mechanism is able to
communicate several different interrupts: received data
available,transmit buffer spaceavailable,enor, and an interrupt condition specified by the user language.
The mainframe-to-cardinterrupt mechanism communicates high-priority commands from the user to the card.
Severalother commands that are not used by the 98628,\
are sent via this mechanismby the system'sdrivers, but the
card rejectsthese as unserviceable.
The data communications channel mav be treated iust
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Protocols
Asynchronous Prctocll
This term actuallyrefersto two differentlevelsof communications: the bit-levelprotocols,which are standardized,and the
high-levelhandshakingprotocols,which are not.
As shownin Fig. 1, each characterconsistsof sevento twelve
bits of binarydata.The first is calledthe start bit, and is a logical
zero,whilethe lastl ,1|hot 2bits are calledthe stop bit(s)and are
logical ones. Betweenthese are five to eight data bits and an
optionalparity bit. The HP Model 986284 card is able to handle
fiveformsof the paritybit: none,alwayszero,alwaysone,evenor
odd. The lasttvvooptionsadjustthe paritybit to producea sixlonine-bitword that containsan even or odd number of ones.
Thereareseveralasynchronoushandshakingprotocols.Twoof
these are half duplex and full duplex.These protocolsdeal with
the type of modem connectionused to communicatebetween
computers.Halfduplexallowsonlyone computerto transmitat a
time with many diiferentconventionsused to indicatewhen one
computeris finishedtransmittingand the other may take its turn.
Fullduplex allowsboth computersto transmitand receiveat any
time. When using this kind of connection,there are severalprotocolsby whicha receivingcomputermay indicateto a transmitter
that it is in danger of overrunningits buffers.Two of these are
(er.rorncx)
and starvstop(xolttxorr).Thefirst
enquire/acknowledge
is widelyused by HP products,whilethe latteris popularamonga
numberof other computers.
Data Link Prolocol
Theasynchronousmultipointprotocolwas first introducedas a
meansof connectingmultipleHP terminalsto largerHP computers. Fromthis came the HP data link protocol(DSN/DL),which is
essentiallythe same protocolcommunicatedover a specialtwowire connection.This cable allowscommunicationdistancesof
up to 4 km. Linecontrolis determinedthroughpollingperformed
by the mastercomputer.This link was used first as a meansof
connecting HP 3075A Desktop Data Capture Terminalsand
desktopcomputersto HP 1000 or HP 3000 Computers.
with
The charactersof the DSN/DLprotocolare asynchronous,
one start,one stop and eight data bits per character.The data is
lormedintoblocksand a redundancycheckis performedon each
block to assuredata integrity.lf any data characteris not communicatedpropedy an automaticmechanismprovides retransmissionof the block of data. The controllingcomputerprovides
independentservicingof each terminalon the lineto ensurethat
two terminalsdo not attemptto confuseeach other'sdata.
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Fig. 1. An asynchronouscharacter binary data stream.

like any other I/O channel. In the outbound direction, control information is placed in the buffer with BASIC statements such as CoNTRoL and oUTpUT END. Outbound
charactersare placed in the buffer by OUTPUT,PRINT,and
other statementsthat produce output for a printing device.
In the inbound direction, control information is placedin
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the bufferaccordingto decisionsmadeby the card.The card
allows individual selection of several conditions such as
end-of-line received, prompt received, end-of-block, and
parity errors. From this information, the BASIC program
can precisely determine the location of these conditions
relative to the data. The control information terminates an
ENTERstatementwhen it is reached,and the information
associatedwith it may be read via two STATUSregisters.
Becauseof this mixed control and databuffering, several
blocks of data can be buffered in both directions,allowing
the user's program more time to do useful work.
The linkage between the user program and the interface
card is provided by somefirmware, calledthe drivers,in the
9s26A and 98364 operating systems.The drivers are designed not only to make the card independentof the mainframe,but alsoto provide a common linkage mechanismfor
the 98628,{ and future data communications cards. The
drivers are very simple, acting mainly as a means of communicating the user'sintentions to the card. The card itself
makes many decisions about the meaning of the user's
statements.The drivers are integrated into the UOstructure,
which allows ENTERand OUTPUTformatting as with other
I/O cards.
Data Communications Interface
The 9862BAhasa versatileelectricalinterfacefor connection to a wide variety of devices. Four cablesand three electrical converters (pods) provide several interface options:
RS-232-CDTE (male) cable
RS-232-CDCE (female)cable
W-4491423 DTE fmale) cable
DTE (male) cable
RS-4491422
13264A,Data Link Adapter
13265A 30O-bit-per-secondModulator/Demodulator
(modem)
r 132664 Current Loop Converter.
The card contains drivers and receivers compatible with
the Electronic Industries Association (EIA) RS-232-C,RS4491423and RS-449/422standards. One.set of electrical
drivers implements the RS-232-C and RS-449/423standards.A separateset of drivers implements RS-449/422.To
implement a given standard,the cableusesthe appropriate
pins on the 50-pin card connector.
The pods changethe RS-232-Celectrical signals from the
card to the proper levels for connection to other types of
devices.Each pod consistsof a box containing active circuitry built into the cable.Power is supplied by the mainframe via the 50-pin connector. The 132644 Data Link
Adapter converts the signals to the electrically isolated
multidrop HP Data Link levels. The 132654 is a 300-bit/s
modem for direct connectionto North American telephone
Iines,supporting automaticor manual dialing to establisha
connectionto a remotecomputer. Finally, the 13266ACurrent Loop Converter is used to connect to older current-loop
devices.
r
r
t
t
t
r

Firmware
The 9862BAfirmware servicestwo different communications protocols:asynchronousand datalink (DSN/DL).The
first is used for communication with almost any type of
computer,often over telephonelines. The second'isan HP

Electrical Standards
For data communications,early electronic computers borrowedthe currenfloopsignalingtechniquefrom telegraphand
This techniqueuses eitherthe abapplications.
teletypewriter
sence and presenceof an electricalcurrentor its directionto
do not have
srgnala logicalzeroor one. Becauseteletypewriters
a currenfloopstandardhas
stringentinterfacingrequirements,
neverbeendeveloped.The drivingvoltage,typicallybetween6
.140volts,
determinesthe maximumcable length.
and
(ElA),
Association
In the early1960s,the ElectronicIndustries
responding to the need for standardtzedinterfacesbetween
computers,terminalsand modems,developedthe RS-232-C
characstandard.RS-232-C
definesthe electricaland functional
teristicsol the interfacebetweenthe devicesand usesvoltagesto
signifylogic levels.The data lines use negative{ruelogic-a
positivevoltage between 5V and 25V representsa logical zero
and a negativevoltage between -5V and -25V representsa
logicalone. The controllinesuse positive{ruelogic a positive
voltagesignifiesan on conditionand a negativevoltagerepresentsoff. A 25-pinconnectorhas becomethe RS-232-Cde facto
mechanicalstandard.RS-232-Cspecifiesa maximumcable
lengthof 15.24metresand datatransferratesup to 20,000bits/s.
Withthe need for longercable lengthsand higherdata rates,
the EIAdelinedthe RS-449,RS-423and RS-422standardsin the
mid-1970s.RS-449definesthe operationot 27 daIa,timingand
characteristics
of R5-232-Care
controllines.Thebasicfunctional
retained;however,ten newcircuitsare defined,threeold circuits
definiaredeletedand somechangesare madeto the functional
tionof someothers.RS-449specifiesa 37-pinconnectorfor main
channelcircuitsand an optional9-pinconnectorfor secondary
channellines.
To providean evolutionarygrowth path to the new standards,
RS-423was designedto be subselcompatiblewith RS-232-C.
Voltagesin the positiveand negative4V-to-6Vregionsindacate
Notethe
logicand datalevelswithlhe samepolarityas RS-232-C.
overlap between RS-232-Cand RS-423in the 5V-to-6Vregion.
RS-423achievesdata ratesup to 100,000bits/sand longercable
of lowervoltageswingsand slower
lengthsusinga combination
transitionratesbetweenlevelsto reducecrosstalkbetweenlines.
circuitusingthe polarityof
RS-422definesa balancedinter{ace
the voltagebetweena pairof conductorsto indicatea logic level.
Balancedcircuitsprovidegreaternoiseimmunityto permitlongdistance communicationat speeds up to ten million bits/s.
RS-422devicescannotinterfacedirectlvto RS-232-Cdevices.

protocol used by HP computers, data capture terminals,
regular terminals, and now desktop computers.
The 98628,\ card firmware is designed so that it is easy to
use. For example, although there are two distinct data
communications protocols that this card understands, it is
possible to select between them either with a hardware
switch or by software commands from the user's program.
There are seven other protocol default switches that can be
used to load initial option values into the card. However, all
options can be overridden by user commands.
The eight protocol default switches on the card individually select the communications protocol, common data rate,
and modem control protocol. For asynchronous operation
the user also may select from four common combinations of
bits per character and parity. DSN/DL operation allows
selection between eight different device addresses.

The firmware on the 98628A card was written to handle
the asynchronous and DSN/DL communications protocols
completely. First, the card controls the modem lines that
communicate with the attached hardware modem or pod.
Second, the card handles the software, or character, protocol to prevent buffer overruns.
In the asynchronous mode this software protocol checks
for handshake characters, end-of-line sequences, and
prompts. All of these characters may be changed or disabled
by the user to suit specific applications. It is useful for the
card to detect these characters because the work required by
the mainframe is reduced and buffer overruns are prevented. For example, the card can search for carriagereturn/line-feed combinations and logically split the data at
such points to facilitate data entry by the mainframe.
The DSN/DL protocol is considerably more complicated,
with blocking, error checking, and timeouts. The firmware
for this protocol is designed as a state machine. With this
programming concept, the reception or transmission of
each protocol character results in a change of the card
firmware's state. This design promotes structured, modular
code and a more logical servicing of the DSN/DL protocol.
The DSN/DL protocol features excellent error detection
and recovery, mainly because a cyclic redundancy check
(CRC) is transmitted and checked with every block of data.
If the receiver's calculations do not agree with the transmitted CRC, the sender is asked to repeat the block of data.
Other redundancies are also built into the protocol. For
example, when the controlling computer asks for data from
a slave computer it issues a polling sequence containing
two addressing characters, which are both repeated to avoid
confusion caused by spurious line errors.
Since the card attempts to handle both the hardware and
software protocols completely, there are few cases in which
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action other than the normal movement of data is required
of theuser'sprogram.However,forthose exceptionalcases,
additional coNTRoL and STATUSregisters are provided,
along with interrupt mechanisms, to allow a program to.
control the card's operation.
To facilitate friendliness and comply with legal requirements for switched public telephone circuits, several timeouts have been implemented to catch such conditions as:
c Not establishing a connection (causedby a misdialed
number or busy circuits)
n Losing a connection (the remote computer hangs up or
there is a break in the circuit)
a Half-duplex transmission lockup (incompatible or confused half-duplex protocol)

r Lack of data activity on the line (loss of connection or
computer down).
Each of these timeouts may be individually disabled or set
to a new value by the user.
Self-Test
In a typical data communications system, a number of
devices from various manufacturers are connected together. Ifthe system doesnot operateproperly, being able to
test each of the individual blocks is important to isolating
the problem. The 986284 has self-test programs to respond
to this need. At power-up, the card's firmware runs a test
and signals any failure to the user. A connector for a more
thorough hardware and cable test is also available.
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98364 Computor System:Oplim 01 l (ROM BASIC),$11,95O;Oplim Ol4 (ROM
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98261A Add-On Language for 9826!y'98364: Oplion 011 (ROM AASIC),
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