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In this Issue
We shot this month'scover photo over the shoulderof DianaJillie,an HP
medicalsales representative,as she was demonstratinghow to use the HP
150 TouchscreenPersonalComputerto entercoronaryangiographyresults.
Seeingthis demonstrationconvincedme that there are applicationsin which
touchingthe screenof a computeris the best way-not just anotherway-lo
interactwith the computer.Here'show Advancesfor Medicine,a publication
of HP's MedicalProductsGroup,describedthe application.
"First, by using a finger to touch the appropriateareas on the screen,the
'tree'
user modifiesa genericcoronary
diagramso that it accuratelyreflects

Thephysician
the dominantappearance
the observedpatientanatomy.
specifies
of the patient's
(|eft,right,or mixed)and indicatesthe presenceand sizeof the numerous
coronary
circulation
Next,a varietyof lesionscanbe placedat theobserved
locationin anysegment
arterysegments.
in the coronaryarterytree.Again,usingonlya finger,the physicianmaycitethe presenceand
to the beginning
andendof the lesionand
typeof lesion(suchas discreteor tubular)by pointing
Theworkstation
respondsrapidly
notingthe degreeof occlusion(thepercentage
of narrowing).
the degreeof
with a diagramfhat showsthe lesionon the tree,witha shadedareaindicating
Depending
Morphology
distalto a lesioncan alsobe documented.
uponthe inputsof
occlusion.
that
the user,thediagramis updatedto shownormalor smallsegments,
or to indicatesegments
A segmentnot observed,
for example,is represented
by
are poorlyvisualized
or not observed.
forexample,
a second
dottedlines.Theresultsof therapycanalsobe noted.Afterbypasssurgery,
andpatencyof grafts.Singlevein,internal
diagramcanbe createdthatshowsthetype,location,
indicated.
mammary,Y, or jump graftscan be selected,and specificoriginsand anastomoses
Afterall resultsare entered,a comprehensive
reportcanbe generated
withinminutesto include
the graphiccoronarytreesanda completeprintedsummary.
Thedatais thenstoredin a central
databasefor futureretrieval."
not onlythe valueof the touchscreen,
but also
It's impressive
to watch,and it demonstrates
graphicsand datacommunications
capabilities.
In this application,
the
the HP 150'sinteractive
HP 150 workswith a host computersystem-an HP Cath DataManagement
System,which
partterminal.
happened
to benearly3000milesawayinthisinstance-andactslikepartcomputer,
personalcomputers,
runningnot
Manyowners,of course,willusetheirHP 150sas stand-alone
software,but alsothe widelyusedspreadsheet,
database
only medicaland otherspecialized
management,
andwordprocessing
softwarepackages,
or evenvideogames.Fora lookat this
powerfulpersonalcomputerand graphicsterminalfromthe designers'pointof view,readthe
articlesin this issue.
-R. P. Dolan

What's Ahead
fortheSeptember
issuearearticles
Ontheschedule
onthedesignoltheHP4945ATransmission
lmpairment
in theU.S.A.andCanada
Measuring
Set,an instrument
usedbytelephone
companies
to testvoiceanddatacircuits,andon the Semiconductor
Research
a jointeffortof
Corporation,
field.Two other
severalU.S.companiesto supportuniversityresearchin the semiconductor
articlesdeal with the translation
of computersoftwareinto locallanguages.
One is a general
articleon the problems
of softwarelocalization,
andthe otherdescribes
a language-independent
package
hyphenation
developed
for the Dutchversionof HPWord,a wordprocessing
algorithm
for HP 3000Computers.
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TouchscreenPersonalComputerOffers
Easeof Use and Flexibility
Thispowerful16-bitcomputeroffersan industrystandard
operatingsysfem,manyintegratedsoftwarepackages,
graphics,sophisticateddata
high-resolution
built-interminalcapabilities,and of
communications,
course-th e touchscreen.
by SrinivasSukumar
I TS SMALL FOOTPRINT,easeof use, and overall flexiI bility differentiate the HP 1.50Touchscreen Personal
I Computer (Fig. 1) from other PCs. This new personal
computer consists of three modules: a system processing
unit (SPU) with an integrated display, a disc unit, and a
keyboard. The SPU and the disc unit occupy only one
squarefoot of desk space.The entire computer including
the keyboard occupies only 1.7 squarefeet. The SPU and
keyboard are usablewithout the disc unit as an HP 2623A
GraphicsTerminal.
The SPU is basedon an Intel B0BBmicroprocessorrunning at 8 MHz, and usesMicrosoft'sMS-DOS2.11operating
system, an industry standard for which a wide range of
popular applications softwareis available.Memory capacity is 256K bytes of RAM (expandableto 640K) and 160K
bytes of ROM. A tK-bit battery-backedCMOS RAM holds
the system configurations.
At the back of the SPU (Fig. 2) are three I/O ports: an
RS-z32-CIRS-422 porl for host-computercommunications,
another RS-232-C port suitable for printers and other

peripherals,and an HP-IB IEEE 4BB)port for printers, disc
drives, and instruments. There are also two option slots
for additional hardware cards.
The salient feature of the HP 150 is the touchscreen,
which is fully integrated into the system hardware and
firmware. The touchscreenallows users to run computer
programs with the touch of a finger or a pen. Instead of
memorizing commands, typing in menu-selection numbers, or using a mouse, one simply touches the display
screento operatethis new personalcomputerand its application programs.The computer may also be operatedfrom
the keyboard without using the touchscreen.
The disc unit has two Sony 3.5-in flexible disc drives
and provides 540K bytes of storage.Two hard-discoptions
are available. The HP 45655A, a S-megabytedisc drive,
and the HP 45660A, a 15-megabytedisc drive, both with
3.5-in flexible disc backup, fit in the samedesk spacewith
the HP 150.
The keyboardhas a low profile and sculptured keys and
sets the standard for all new HP personal computers and

Fig.1. The HP 150 Touchscreen
Personal Computer consrsls ol
threemodules:a syslemprocessing unit with integral display, a
disc unit, and a keyboard. Without
the disc unit, it operates as an HP
graphics terminal.
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Fig. 2. Therearpanelof the HP 150 hasthreellO portsand
two s/ots(behindslottedpanelsat the bottom)for hardware
optrbns.
terminals. An integralthermal printer can be installed into
the unit by the user or the dealer. The printer fits in the
top of the display and occupiesno additional space.
The green-phosphorCRTdisplaysB0columns by 24rows
of text (seeFig. 3), and hasuser-adjustablefocus and brightness.The display also functions as a bit-mapped graphics
display with a resolution of StZby 390 pixels (Fig. ).
Design Objectives
The objectivesthat guided the design of the HP 150 are
reflected in the characteristicsof this personal computer.
An important objectivewas the ability to run industry-standard applications programs.This led to the choice of MSDOS from Microsoft as the primary operating system for
the machine.The touchscreenis there to make the machine
very friendly to the first-time user, another objective.
The machine had to be a terminal when operatingwithout its disc drives, so it carries all the necessaryterminal
code in ROM. The rich terminal feature set built into the
machine is accessiblethrough operatingsystemextensions
that let a programmer create alpha and graphics screens
with ease.
The machine is also reliable and easy to build, check
out, and service.An extensiveset of built-in self-testslets
the factory or field isolate failing components and assemblies.The factory builds the product with no options,
so production can be streamlined.The two option slots are
for cards installed by the user.
All PCs need printing capability, and in this machine
this is provided with no additional burden on scarcedesk
space.The optional thermal printer sits inside the SPU/display unit and provides fast and quiet printing of everything
that can be displayed on the screen (alpha and graphics
information). Printing can also be accomplished by connecting an external printer to the RS-232-Cport provided
on the rear panel.
The ability to adapt the HP 150 to local markets was a
fundamental objective.Hence the HP 150 supports 17 dif-

Fig. 3. Ihe green-phosphor
CRTdisplays24 B1-character
rowsof text,plusthreerowsofstatusandsoftkeyinformation.
ferent local-languagekeyboardsthrough its firmware. All
error messagesand manuals had to be locally adaptable
for the international market.The easewith which the product was localized is a testimony to how well this objective
was met.
The small packageconstraint led to very compact internal printed circuit board design and to the development
of a custom gate array for graphics display.
The primary customer for the HP 150 is the business
user. The HP 150's 2623A Terminal feature set provides a
clean bridge from terminal to computer as the user makes
this transition. An optional plug-in card and the built-in
terminal featuresalso enable the HP 150 to emulate IBM
3278.IBM 3276.and VT100 terminals.Sincethe disc unit
is modular, the HP 150 can be an economicaldisclesssvstern with a local area network connection.

Fig. 4. The graphics display has a resolution of 512x390
olxels.
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Operating
SystemandFirmwareoftheHP
150PersonalComputer
by Laurie E. PolleroWood and CharlesH. Whelan
FEW SECONDSafterthe HP 150PersonalComputer
is turned on, the Personal Applications Manager
(PAM) displaysthe applicationsthat can be run and
prompts the user for input. PAM is the HP 150'suser interface. It makesthe personalcomputer easyto use, which is
a real bonus for novice users. Beneath the friendly user
interface is a supporting structure of operatingsystemand
firmware.
Personalities of the HP 150
The HP 150 has two built-in personalities.The personal
computer personality requires accessto the operatingsystem, which is usually on a disc in a disc unit connected
to the HP 150.The terminal personalityrequiresconnection
to a remote computer via one of the RS-232-Cports. The
user selectsthe machine's personality after turning it on,
and can move betweenpersonalitiesonce the systemis up
and running.
As a personal computer, the HP 150 runs Microsoft's
disc operating system,MS-DOS 2.11. This industry standard operating system is single-tasking and written to be
ported to various hardware systems. Porting it to a new
piece of hardwarerequireswriting device drivers and linking them into the MS-DOS code supplied by Microsoft.
The HP graphics terminal capabilities are always available (they are in read-only memory) and emulate the HP
2623A Terminal. The terminal emulator is controlled by a
multitasking operating system called the TOS (terminal
operating system).

r 994
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System Structure
The systemcan be thought of asconcentriclayersof code
(seeFig. 1). The center is the HP 150 hardware, Firmware
(code permanently recorded in ROMs) provides the drivers
that control the hardware and the TOS. The code in RAM
(loadedfrom disc) provides the personalcomputer personality. This RAM code contains two logical parts, the BIOS
and the MS-DOS.The BIOS is the connectinglink between
the MS-DOS operating system and the firmware code. PAM
is actually an MS-DOS program that knows how to initiate
other MS-DOS applications.
The HP 150 powers up as a terminal with the capability
of loading the operating system from disc. Whenever the
HP 150 is being used as a terminal, the user can always
get to the operating systemby pressingthe (Shift)Stop
key.
When the HP 150 is being used as a computer, the user
can accessthe terminal through a program such as PAM
or by configuring the HP 150 to be a terminal and doing a
hard reset.
What ls MS-DOS?
MS-DOS2.11is an operatingsystemdevelopedby Microsoft Corporationthat can be ported to computersusing the
Intel B0Bofamily of microprocessors.
MS-DOSprovides a set of softwareservicesfor programs
running in a single-userenvironment. Basically, only one
program can be running at a time, although it is possible
for one programto run anotherand wait until it completes
before resuming.
The major facility provided by MS-DOSis a setof services
for managing files and I/O devices.The programmatic interface to MS-DOSfiles and VO comesin two flavors. For the

MS-DOS

Btos

Fig. 1. fhe HP 150 operating systemcan be thoughtof as
layers of code. Firmwarein ROM provides the hardware drivers and the terminal personality. BIOS and the MS-DOS
opercting systemare loaded into RAMfrom disc.The Personal
Applications Manager (PAM) is an MS-DOS program that
knows how to initiate other applications.
CPA,I@ devotee there is a set of calls that have evolved
directly from the CP/lvI operating system. With the 2.11
version of MS-DOS, a set of file and I/O capabilities that
are very much like those of the UNIX'" operating system
were added to the system. HP has chosen the latter set of
calls for its own internally developed applications, while
the CPAvIlike calls are typically used by applications written for machines such as the IBM PC.
The hierarchical file system of MS-DOS 2.11 provides a
directory tree structure similar to UNIX, so that users can
logically organize their data on the disc. This structure
allows files to be grouped in more manageable subdirectories, which is particularly important on the larger fixed
discs.

What ls BIOS?
The HP 150 BIOS is a layer of softwarebetweenMS-DOS
and the HP 150 firmware/hardware.On system boot-up,
the BIOS gains control from the boot firmware, and after
initialization, passesinformation and control to MS-DOS
so it too can configure and initiate itself. The BIOS is then
invoked by MS-DOS whenever it requires a physical I/O
service.
The BIOS uses information stored in nonvolatile RAM
by the device configuration utility to determine the current
mapping of logical MS-DOSdevice namesand logical disc
drive identifiers to physical peripheral devices.This information can typically be changed dynamically while the
system is running.
The operating system stored on bootable disc media is
actually two binary files (BIOS and MS-DOS) which are
loaded into memory on boot-up. The BIOS consists of a
section of initialization code to set up the HP 150 as a
personal computer (rather than a terminal), the various
modules for interfacing high-level I/O requests to the HP
150 firmware drivers, and a SYSINIT module supplied by
Microsoft to which the BIOS passescontrol and data after
it performsits own initialization. The BIOS gives SYSINIT
UNIX is a trademarkof AT&T Bell Laboratories.

such information as a linked list of resident devices and
their invocation addresses,the current address of the
booted MS-DOSmodule. and the addresswhere that module can be relocated.The latter allows the MS-DOSresident
code to overlay and reuse the memory spacerequired for
BIOS initialization and SYSINIT.
MS-DOS/BIOSInterface
All requestsfor I/O, including disc operations,are presented by MS-DOSto the BIOS in a packet structure that
includes information such as the type of operationand the
I/O buffer address.The BIOS is responsiblefor performing
the physical I/O operation and posting status information
in the packetfor MS-DOSupon completion. Once a system
is up and running, the only interaction between MS-DOS
and the BIOS is by way of these packets.
Two types of peripheral devices are supported by MSDOS: characterand block. Block devicesare devicessuch
as discs,which do their I/O in fixed-sizeblocks. For example, application program file I/O requeststo MS-DOS are
passedto the BIOS as readsand writes of specific absolute
disc sectors.Before returning, the BIOS will update the
packet with the error status and the number of sectors
successfullytransferred.
As the name implies, character devices do characteroriented I/O. Character devices have names that can be
opened and accessedlike MS-DOS files. Through the HP
150 device configuration utility, DEVCONFG,many of the
standardnamed characterdevicescan be mapped to different devices.For example,the standardprinter PRNcan be
mapped to the internal printer, HP-IB printers, serial printers, or parallel printers.
MS-DOSprovides a facility to allow device drivers to be
added to a systemwhen it is booted.This allows new block
or character devices to be added or old drivers to be replaced without having to createa new system.In the latest
versionof the HP 150,this conceptis extended.An installed
driver may optionally interact with the system so that it
can be dynamically configured and accessedusing either
the standard named characterdevicesor the block device
addressescommonly allocatedto HP disc drives.For example, a character device driver named PBNwould replace
the PRNdriver in the BIOS at boot-up time. In this case,
the logical device driver has been replaced.Or, a new device driver can link into the chain of physical devicedrivers
available for a particular logical device such as PRN.The
DEVCONFGprogram allows the user to selectthe physical
interface from several choices,one of which is the newly
added physical device.
The CON device handles I/O input requests from the
keyboard and output requeststo the video screen.In its
simplest fashion, reading and writing data to the console
is much like teletypewriter operation.StandardHP escape
sequencesareforwarded to the firmware driver. To provide
greaterconsole performanceand functionality, the alpha/
graphics I/O system, AGIOS, was added to the HP 150
console handler. The AGIOS is implemented by passing
commandsto the CONdriver using the I/O control programmatic interfaceof MS-DOS.Thesecommandsprovide fieldoriented alpha screen handling, graphics intrinsics,
keyboard control, and touchscreen management. They
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O Task waiting at exchange
@ lnterrupt starts action
@ Driver sends messageto exchange,
placingtask on readyqueue
@ Task beginsto run
@ Task gets data buffered by driver
and orocessesthe data
@ Task calls driverthat will put the
data where it belongs(on screenor out
datacom port)
O Task waits at exchange for more activity

allow an application progr€Im to take over the keyboard
and screen.
The HP 150 supports a wide range of HP disc devices.
The BIOS determines the physical attributes of each drive
dynamically by reading the first sectoron each disc. These
attributes are recordedthere by the HP 150 FORMAT program. Becauseof this method, as new disc drives are developed they can be supportedby the existing BIOS if they
follow the existing disc protocols and if the FORMAT program is revised to initialize the first sectorproperly. When
the device configuration program changes configurations,
or when a disc device is powered on, the BIOS will reread
sector 0 at the time of the next disc access.This allows
drives to be added or changed on-line without rebooting
the system.
The HP 150 BIOS supports I/O requeststo accessHP-IB
(IEEE4BB)or RS-232-Cperipherals.Application programs
can communicate directly with HP-IB devicesby passing
templates to the firmware HP-IB driver. A template is a
data structure containing HP-IB commands to perform such
functions as bus control and device addressing.This facility gives the application the ability to exercisecomplete
control over the commandsand data communicatedto HPIB peripherals.
The latest version of the HP 150 BIOS also supports a
RAM disc, which allows a portion of memory to be treated
as a disc. This can provide greatly improved performance
when accessingfrequently used programs and data files.
The device configuration utility program allows the user
to specify the amount of RAM allocated and which drive
identifier (if any) addressesthe RAM disc. The fact that a
given drive is in RAM is transparentto application pro-
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Fig. 2. Data flow in a typical terminal-to-remote-host-computer con figuration.

grams. Of course the user must realize that any files stored
on the RAM disc will be lost if the svstemmust be rebooted.
TOS Characteristics
The TOS (terminal operating system) in firmware is used
by both the terminal and the personal computer personalities.
Drivers in the TOS control the interface with the
hardware. Examples of drivers are HP-IB, datacom,
keyboard, alpha video, graphics video, and printer. More
particularly, drivers provide data to the system and remove
data from it. Drivers are sources and/or destinations for
data.
In the TOS, a task is a unit of work. For example, one
task, the keyboard task KBT,is responsiblefor picking up
keycodes from the keyboard driver, translating each
keycodeinto a characteror a function to be performed,and
deciding what to do with the data obtained.A similar task
exists for processingdatacom input. When the system is
initialized, approximately ten tasks exist.
The TOS maintains a task queue consistingof two FIFO
(first in, first out) subqueues.One subqueue,the background subqueue,containstasksthat will be executedonly
when the foreground subqueue is empty. Only one task
can be executingat a time; it is called the running task and
is at the head of the task queue. All tasks that are capable
of running are in the task queue and are said to be in the
ready state,The task queueis referredto asthe readyqueue.
Frequently, the terminal tasks do not have any work to
do. For example, the keyboard task has nothing to do if
the user hasn't used the keyboardrecently. A task is in the
waiting state when it has finished its work and is waiting

for more work to do. Waiting tasks are not in the ready
queue.
The TOS doesnot predeterminethe amount of processor
time a task will receive. Once a task is running, it has
control until it decidesto relinquish the processor.A task
can yield, which puts it at the end of the ready queue and
allows the other ready tasks to run.
Communicationsin the system are handled by sending
messagesvia exchanges (mailboxes). Task-to-task communication is alwayshandled via exchangesand messages.
Drivers talk to tasksthrough exchangestoo, although tasks
can call drivers directly. Exchangesare places a task can
wait for data or commands. When a task is waiting, it is
associatedwith an exchange.When a messageis sent to
the exchange,the task is added to the ready queue and
eventually getsto run. It then hasthe opportunity to process
the data or the command specified in the message.The
only way information can be sent to a task is by sending
a messageto the task's exchange,
For example, in a typical terminal-to-remote-host-computer configuration,the generalflow of data is as follows.
Keyboardcharactersaretransmittedto the host.The remote
host echos the charactersit receivesback to the terminal
and also sendsother charactersto the terminal. The terminal takes datacominput and puts it on the display. Hence,
when a user types at the keyboard, the characters that appear on the display have gone to the remote computer and
come back again.In the TOS this situation is describedby
Fig. 2.
When the machine is waiting for input, both the keyboard
task KBT and the datacom task DCTare waiting at their
respectiveexchanges(KBE,DCE)for a message.When the
user starts to type, an interrupt is generated and the
keyboarddriver KBDsendsa messageto the KBT'sexchange
KBE.This puts the KBTon the ready queue. Once the KBT
is running, it calls the driver and asks for the keyboard
data. Then KBTprocessesthe data (What is the character?
Is it shifted?Is this a specialfunction key?)and determines
what should be done with it (send to datacom or the display, or handle the specialfunction). Becauseof the current
configuration of the machine, the KBT calls the datacom
out driver DCOD.The DCODtransmits the charactersto the

O to @ See Fig. 2

remote host and returns to KBT.Now the KBTis finished
and it goesback into the waiting state,waiting for another
messageat its exchangeKBE.
The remote host echos the characters back to the
machine. Receipt of datacominput generatesan interrupt
and the datacomin driver DC|Dsendsa messageto the DCT.
This puts DCTon the ready queue. When DCTbegins to
run, it calls the DCIDand asksfor the data.The DCTchecks
the data for escapesequencesand processesthem if they
are present.The DCTthen calls the video driver, passing
it the charactersto be displayed.The video driver puts the
characterson the screenand returns to DCT.The DCThas
finished its task. It now waits at its exchangefor another
message,that is, more data from the remote host.
MS-DOS/TOS Interface
MS-DOSruns as the TOS task MST.MS-DOSmakes use
of the other TOS tasks and some of the TOS's drivers and
processingroutines. During MS-DOS initialization, a new
driver, the console, is added and the existing drivers are
reconfiguredfor use as a personalcomputer. For example,
the datacom drivers are detached from the keyboard and
display and associatedinstead with the MS-DOS logical
drivers, COMIand COM2.
The MS-DOStask MSTis initialized at power-on and its
purpose is to boot the operating system {rom disc at the
appropriatetime. MSTwaits until the terminal personality
tasks complete their initialization. This puts the HP 1b0
into a known statebeforethe MS-DOSinitialization begins.
MSTthen checksto seeif the HP 150 should power up with
a terminal personality or a personalcomputer personality.
If the personal computer is the personality of choice, then
the bootingtakesplace immediately.If the terminal personality is selected,then MSTwaits at the shift-stop exchange
SSEfor a message.The keyboard driver sends a message
to this exchange whenever the user hits (Shift)srop.When
MSTreceivesthe message,the booting processis continued,
Once it is determined that the personal computer personality should be loaded into memory from disc, MSTreads
the second sector on the disc. This sector contains such
vital information as which sectorsto read, where to place
the bytes in memory" and where to start executing. After

Fig. 3. HP 150 system before
BIOSinitialization.
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O to @ See Fig
@ Task lransmitscharactersto a device
(RS-232-Cor display)
@ Task reads charactersbutfered at driver
Fig. 4. HP 150 system after BIOS initialization. BIOS initialization's main purpose is to change
the personality from a terminal to a personal computer.

the sectorsare read into memory, MSTjumps to the execution start address,which is the BIOS initialization entry
point. Now the task's function is to run MS-DOS and the
programsrun by MS-DOS.
The BIOS initialization's main purpose is to changethe
HP 150's personality from a terminal into a personalcomputer. Pictorially, the systemchangesfrom Fig. 3 to Fig. 4'
Previously, data from the user (keyboardand touchscreen)
was funneled out the RS-232-Cport via the DCOD.Now the
data is sent to the consoleinput driver ClD.The CIDbuffers
the charactersand waits for MSTto request them. When
MSTwishes to send charactersto the display, MSTpasses
the charactersto the consoleout driver' The CODsends a
messageto the datacom task at its exchangeand buffers
the characters.Then when the MSTrelinquishesthe processor, the DCTis ready to run. The datacomtask containsthe
control mechanismfor processingcomputer input (escape
sequencesare recognizedin the DCT),and the characters
are eventually sent to the video driver, which puts them
on the screen.The MSTtask can send as many characters
as it likes to the console out driver, but nothing will be
displayed until the MSTgives up control of the processor,
which allows the DCTto run. The TOS systemis optimized
for handling buffers of data rather than single characters.
MSTcan control when the task swap occurs and optimize
use of the machine.
The datacom drivers have now been detachedfrom the
keyboard and datacom tasks. The DCODand the DCIDare
now associatedwith the MS-DOStask directly. MSTsends
charactersto datacom by calling the DCOD,which sends
them out the RS-232-Cport immediately' The DCIDbuffers
incoming characters,waiting for MSTto requestthem. Note
that DCIDwaits for a requestfrom MSTfor the characters,
instead of sending a messageto an exchange.The use of
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the exchangeis inappropriatefor datainput in the personal
computer personality.The computerpersonalitygivescontrol to the application, which continues running except
when it has explicitly made a request for I/O service. In
the terminal personality, on the other hand, incoming
characterscause the DCIDto send a messageto the associatedtask (DcT).This is becausethe terminal tasks are
usually waiting for input. They expectto be interrupt-driven, whereas the personal computer personality does not.
Gonclusion
The HP 150 is a successfulattempt at creatinga friendly
dual-personality machine. The merging of personal computer capabilitieswith a full-featuredterminal personality
required painstakingengineeringeffort to ensurethat each
capability was achievedwithout sacrificing completeness,
friendliness,or performance.We had to do sometime-consuming fine tuning to achieve satisfactory performance in
a systemwith severalstructuredlayersof softwarebetween
an application program and the hardware.
The HP 150 has far more functionality than the average
purchaserrealizes.It is a powerful machine that provides
a simple yet effectiveenvironment for the beginning user,
but like an iceberg,it has a huge mass of capability below
the surface,waiting to be tappedby the sophisticateduser'
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The HP 150Touchscreen:An Interactive
UserInputDevicefor a PersonalComputer
by PeterR. Straton,Scoft R. McClelland,and ThomasE. Kilbourn
HE HP 150 TOUCHSCREEN is an interactive user
input device that provides a close, intuitive match
between the user and the action performed by the
computer. The objectives of the touchscreen design included medium resolution, manufacturability, low cost,
good appearance, and reliability.
Various technologies have been used in touchscreen designs. Capacitive and resistive films have been used to
provide information about the location of a stylus touching
the screen. These work by providing a repeatable varying
capacitance or resistance across the sensitive area. One
effect of these devices is a degradation of the display quality, since the user must look through the film. Additionally,
the lifetime of these films is limited.
High resolution can be obtained with ultrasound. By
measuring the change in sound transmission through the
glass when a stylus touches it, or by measuring the time
of reflection of sound impulses from the stylus, the position
of the stylus can be determined. These devices tend to be
expensive. Furthermore, they can be very sensitive to the
dust particles on the display, which may cause false reflections.
Another technique is to place pressure transducers on
the corners of the display. These provide data that can be
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used to calculate the position of a stylus pushing on the
display. A disadvantage of this is the necessity of providing
a mechanically sound mount for the display without making the transducers ineffective.

InfraredArray
The method chosen for the HP 150 design is a scanned
infrared array. Capable of medium resolution at a moderate
cost, the nonvisible light does not degrade the display, and
the solid-state design provides high reliability.
Infrared emitting diodes are arranged in lines along the
bottom and one side of the display. Directly opposite each
emitter is a phototransistor. By pulsing an emitter and looking at the output of the phototransistor directly opposite,
it can be determined whether that path is blocked. By scanning along the top and then along the side, the (x,y) coordinates of any object within the array can be determined.
Given that the design would use infrared pairs, several
challenges presented themselves. One was to squeeze the
design into the bezel of a nine-inch display. Volume was
somewhat limited. Another challenge was to design the
system without multiple connectors. These concerns
helped drive the choice of the infrared diodes and the
phototransistors. The parts chosen have a 90' angle be-

Fig.1. The HP 150 touchscreen
uses a scanned infrared array
mounted on a printed circuit board
with a cutout for the display. lnfrared emitting diodes are arranged along the bottom and one
side of the display. Directly opposlte each emitteris a phototransistor. The user's finger blocks the
infrared light seen by one or more
^h^t^1.^
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tween the leads and the light source or sensedirection, so
they can be mounted on a single printed circuit board with
a cutout for the CRT (seeFig. 1).
As shown in the block diagram, Fig. 2, the scanning is
accomplished under the control of a single-chip B0a1A
microcomputer. The microcomputer provides a clock to a
6-bit counter,the output of which is decodedas an address
for an IRED (infrared-emitting diode). A pulse generator
provides an on pulse after a suitable delay. The counter
output is also decoded to gatethe output of the appropriate
phototransistor into the detector.The data from the detector
is transmitted to the s041A. By keeping a software count
synchronized with the hardware counter, the address of
the blocked pairs can be determined with only the two
interfacelines, clock and data.The 80414 need only toggle
the clock line and then read the data in successivecycles.
Thirteen scansare completed each second.
An additional line, sync, is provided for error recovery.
In the caseof transients on the clock line, the software and
hardwarecountscan getout of phase.The 8041A can detect
this by checking the sync line at the end of a cycle.
Scanning Algorithm
After completing a scan, the microcomputer must determine whether a valid touch, or hit, has occurred, and report
its position to the HP 150's main 80BBprocessor.The requirements for a valid hit are simple. There must be one
contiguous blocked group of pairs in each direction (horizontal and vertical). The x or column coordinate then is
the center of the horizontal blocked area and the y or row
coordinate is the center of the vertical blocked area. If the
resulting (x,y) pair is different from the last valid coordinates (or there was no touch on the previous scan) and the
sSmchronizationpulse occurs at the right time, then it is a
valid touch and is reported to the 8088.
Fig. 3 is a flow chart of the scanning algorithm. The count
is divided into two segments,row addressesand column
addresses.A valid hit consistsof at least one column pair
interrupted and at least one row pair interrupted. Interruption of more than one row or column is also acceptedunless
they are separatedby an unblocked pair. This would indicate multiple objects touching the display, an ambiguous
situation.
In determining how many pairs were required to achieve
the desired resolution, it was assumed that the spacing
between adjacentpairs would be small enough that a perClock
from

Fig.2. Touchscreen block diagram. A single-chip 8041A
microcomputer controls the scanning of the array.
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son's finger could block two pairs. This assumption resulted in the effective resolution being nearly twice the
number of pairs. If the finger blocks an odd number of
pairs, then the effective hit address is the address of the
center pair. If the number of blocked pairs is even, then
the effective address is halfway between the two pairs at
the middle of the object. This is easily calculated by the
80414.
During the scan, the 8041A first looks for an interrupted
pair as it counts through the column addresses.If one is
found, that pair number is stored and the count continues,
now looking for an unblocked pair. Once an unblocked
column pair is found, the two numbers are added. This
results in a mapping of the average of the blocked pairs
into a column number with twice the range of the pair
numbers. The samealgorithm is followed for the row pairs.
This algorithm yields a position with a resolution of nearly
twice the number of pairs, or 41 columnsby 27 rows. The
B0BBCPU uses the row number (0-26) directly and maps
the column number(0-40)to alphascreencoordinates(0-79).
Detector Design
The detector design is based on an assumption as to the
spectrum of the modulation on the light received by the
phototransistors. There are three principal sources of light
driving the bases of the phototransistors. Sunlight, overhead or desk lighting, and the IREDs.Sunlight consistsof
energy spread throughout the electromagnetic spechum.
The light waves at different frequencies are essentially at
a constant amplitude. That is, the energy is modulated at
a frequency close to zero. Indoor lighting is most often
produced by ac light current, resulting in amplitude modulation at'1,2OHz (100 Hz in Europe.) The output of the
IREDs is modulated at the frequency of the clock, about
7OOHz. All of this leadsto the idea of building the detector
with a high-pass filter that has a cutoff frequency between
120 and 7oo Hz. The driving pulse to the IREDs is nearly
square,which results in large-amplitude harmonics. Thus,
the cutoff frequency can be somewhat higher than 700 Hz.
In the HP 150 touchscreendesign,the filter is implemented
with a large inductor that provides a low-pass path to
ground at the output of the phototransistors.This is followed by a bandpassfilter, the output of which goesinto
a comparator. The comparator converts the signal to a
CMOS-compatiblelevel, which caIr be gatedto the 8041A
microcomputer.
lnitialization
The power-on initialization sequencefor the scanner
starts with a self-test which checks the on-chip memory
and then the array hardware. The scanner first attempts to
synchronize with the hardware by rapidly pulsing the clock
and sampling the sync line. If the sync doesn't appearafter
a reasonablenumber of clocks, the scanner assumesthe
touchscreen is defective or not connected and no more
interaction is attempted. If the sync signal is found, the
scannerdoes one complete scan of the pairs to make sure
they all appear unblocked. Experiencehas shown that defective pairs fail such that they appearblocked instead of
open, so this is a fairly good verification of hardwareintegrity. If there are any bad pairs, the scannerwill compensate

for up to two of them to allow continued operation with
slightly degraded performance. It compensatesby merely
ignoring the blocked indication of those pairs suspected
to be bad.
At this point, the B0BBsystem processor requests the
results of the self-test and the synchronization attempt and
the addressesof any bad pairs found. Normal scanning for
touches commences when the 8088 commands it.
Touchscreen Firmware
The HP 150 touchscreenfirmware module consistsof a
set of firmware routines that define a simple-to-use yet
powerful virtual machine for touchscreen operations. The
virtual machine accepts data input from the touchscreen
hardware and control input from the target program and
outputs data to the target program and control operations
to other parts of the system firmware (Fig. +).
The target program is usually a software application program running under the MS-DOS operating system. However, it can also be anotherfirmware module (e.g.,the configuration firmware), system software (e.g.the PersonalApplications Manager),software written by the user, or a pro-

gram running on a remote computer, communicating via
a data communications port.
The 8041A microcomputer detects an initial touch on
the display surface, a change of touch position on the display surface, and the disengagementof touch with the display surface, called the "release," and sends this information to the touchscreen firmware running on the 8088 system processor.In the first two cases,the 80414 sendsposition information to the firmware, and in the third case,
it sends the information that a releasehas occurred, In all
cases,the firmware checks its internal coordinate map to
determine the operation that should be performed for that
position on the screen(Fig. 5).
Firmware Control Inputs
The touchscreen firmware may be called by the target
program to establish certain environmental parameters.
The overall effect is to define the function to be performed
when a particular character cell on the display is touched
by the user. The two main control functions are asfollows.
Enable/disable (row, column) touch data reporting mode.
This mode causes the report data from the touchscreen

Fig. 3. F/ow chart of the touchscreen scanning algorithm.
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Enhancement

grams

hardware to be translated into a screen coordinate pair
corresponding to the row number and column number of
the position touched by the user. The (row, column) data
report is sent to the target program only if there is no field
defined for the touched position.
Define touch fields. The target program can define rectangular areasof the screen so that they behave in a particular
manner when touched and/or released. There are several
different types of touch fields that can be defined. The
different field types have behavior modes that differ somewhat from one type to another, but there is an underlying
functionality that is common to them all:
r The rectangular area of the screen that is enclosed by
the bounds of a particular field responds to touch as a
whole entity. Touching one point within the area produces exactly the same effect as touching a different
point within the area. If the field has been defined such
that the display enhancement changes when touched
and/or released, then the whole area will change its enhancement regardlessof which point within it has been
touched.
r The field is debounced. After the initial touch has been
made in the field, further movement within the field is
ignored until either a movement is made to a position
outside the bounds of the field or the touchscreen is
released.
r The field causes a particular operation to be initiated
when it is touched and/or released by the user. There is
a one-to-one mapping from an individual field to the
operation that it initiates.
r Visual and audio user feedback mechanisms assist the
user in determining when an attempt to touch and/or
releasea field has been successful.
The softkey labels on the display screen are predefined
touch fields. Touching a particular softkey label will cause
the sameaction to be performedas would occur if the user
pressed the corresponding function key on the physical
keyboard.
Touchscreen Firmware Outputs
Touchscreen data may be sent to the target program by
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Fig. 4. Iouchscreencontroland
data paths.

the touchscreenfirmware as a result of a touchscreenaction
performed by the user. With the exception of ASCII fields,
the data generated is formatted so the target program can
distinguish it from other types of data (e.g.,keyboard data).
The touchscreen firmware is capable of generating touchscreen data in both an internal binary form for communication with target programs running internally to the system and also in an escape-sequenceform for communication with a remote target program. The data generated by
ASCII fields is not distinguishable from data generatedby
operating the physical keyboard for either local or remote
target programs.
The touchscreenfirmware also generatescontrol outputs.
Touching a softkey label may cause the corresponding
softkey function to be performed. Touch fields may be de-

Field #i= NoRIIAL.ToGGLE
or ASCII field
Field #i = (EYcoDEfield

*lt enabled, touches in
an area not defined as
a tield cause roYY,column
data reports.

Fig. 5. B/ock diagram of the mechanismfor mapping touch
oosition to control and data operctions.

fined such that they behaveexactly like a particular control
key on the physical keyboard (e.g.,cursor up, backspace,
caniagereturn). All operationsinitiated by the touchscreen
firmware as a result of the user touch and/or releaseaction
cause an audible simulated keyboard click to occur. In
addition, touch fields may be defined such that they cause
an audiblebeepto occurwhen touched,suchthat the cursor
is positioned at the upper left corner of the field when the
field is touched and/or released,or such that the display
enhancement changeswhen the field is touched and/or
released.
Soft Keyboard
The main effect of providing this environment is that
the targetprogramcan define a soft k€yboardon the display
that is totally independent of the physical keyboard and
henceis not constrainedby the limitations of the traditional
physical keyboard. The keys in this environment are implementedusing touch fields. The keys can be of any size,
rectangularshape,and position on the display within the
physical constraintsof the dimensions and characterresolution of the display.

The target program can define keys that are of different
types (e.g., toggle keys or notJ, different user feedback
modes, and different functional characteristics.The functional characteristicsof a particular set of keys can change
dynamically with the state of the target program,and the
whole keyboard can change from one keyboard form to
another with the state of the target program.
The input/output functionality constraints imposed
upon the targetprogramby the traditional keyboard/display
environment can be greatly reduced by the use of the
touchscreenfirmware environment. This ailows the target
program to be a more powerful tool for the user than it
otherwise would be.
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ApplicationsSoftwarefor the Touchscreen
PersonalComputer
HP-developedtextediting,card file, graphics,
spreadsheet,and calculatorpackagesare designedto
maximizethe benefitsof the touchscreen.
by PeterS. Showman,Karl W. Pettis,KarlieJ. Arkin, JeffreyA. Spoelstra,John price,
W. Bruce Gulbertson,and RobertD. Shurileff,Jr.
\ OMPUTERS ARE ENTERING the lives of more and
more people who are not and don't wish to become
I
experts. Various approacheshave been
V
tried to "o-puter
make computers lessforbidding, ranging from using
familiar visual metaphors(such as the Rolodexfile simulation described elsewherein this article) to voice output
and input. Questionsand responsesprinted by computer
programshave been made less terseand more human-like.
although many people become annoyed when they find
the computer being polite but most unhelpful.
One consistent observationabout how people perform
tasks that are somewhat unfamiliar is that choosing from
a set of possible alternatives is easier than trying to rememberthe alternatives.For example,peoplehave a much
largervocabularyof words they can recognizethan ofwords
they can recall. It is also fairly obvious that you can more
quickly choose an item from a small set of choices than
from a large set, and that it is easier to find something in

a list of items that occur in somerational (or at leastfamiliar) order than in an apparently random order.
To a novice user, one intimidating aspectof most computer systemsis the need to learn severalkinds of unfamiliar commandsto begin using the system.Running application programs,getting and saving data to be used by the
programs,and quitting areall necessarystepsto begin using
the system.Beforelong, listing directoriesand performing
various manipulations on data files will also be neededto
keep track of the user's work. A typical operating system
has dozensof commandsavailable,and evenif thebeginner
doesn't use most of them, their existenceadds to the confusion.
Another problem not limited to beginning users is the
large number of files that seemto accumulatein any computer system. Some represent programs or program fragments;otherscontain data.Somefilenameshavebeenmore
or less explicitly createdby the user fwhen data has been

AUGUST1984 HEWLETT-PAoKAFD
JoURNAL15

savedby application programs,for example),but other files
have been created without the user being aware of them
until they are encountered in a directory listing. While
operating systems(including the version of MS-DOSused
in the HP 150) usually provide tools for sifting through
these files, the novice user may not know how to use
them.
PAM
The HP 150 PersonalApplications Manager (PAM) addressesthese concernsby helping the computer user manage both application programs and other disc files. The
PAM screen is what the user normally seesafter turning
onthe HP 150(seeFig. 1).Itpresentsa listof the application
programs available on the discs currently in the system,
and allows the user to run any of them simply by touching
the program name on the screenand then touching the Start
softkeylabel. There is no needto remembereither
Application
what programsare on the disc or what command sequence
is neededto run each program.The user can even change
the name displayedby PAM if anothername seemsto make
more sense.The display is kept simple by not showing
other filenameson this screen,an important consideration
since they typically outnumber the applications by more
than ten to one.
A utility program provided with PAM allows the user
to "install" application programs onto the system discs.
This performs two functions: it copies the files neededby
the program onto the disc, ensuring that all are present,
and it adds the program's name to the list used by PAM
for displaying application names.The systemis designed
to rememberwhat files constitute the program so they can
also be removed easily if a new version is installed or if
the userwishesto deletethe programfor someother reason'
Another utility program allows the user to change the
screen labels used to representthe application programs
and to reorder the labelsfor eachdisc-for example,to put

the most commonly used programsfirst.
File Manager
Another component of PAM is the File Manager,which
provides the most common file manipulations in the same
manner.The availablecommandsareshown
select-by-touch
in touch labelson the screen,so the possibilitiesarealways
visible. Filenamesare displayedin alphabeticalorder,with
directories (which may contain other files) highlighted and
listed first. The default display lists only the namesof the
files, but an expanded display is available which also
shows the size and creation date and time for each file.
File Managerallows the user to copy files, to rename or
deletethem, and to browse through text files (readingthem
on the screen)or print them on any of the systemprinters.
To aid in managing the large number of files that can be
storedon a hard disc such as the HP 9133,File Manageralso
helps the userbuild, display, and (if empty) deletedisc subdirectories.Thesecan be thought of as file folders,each of
which containsfiles and possibly other subdirectories.
Application programschosenfrom the PAM screencan
also accessthe File Manager.This gives the user accessto
the File Managerfunctions without terminating the application. It also provides a consistentfile selection method
for application programs, since file and directory names
selectedby the user can be passedback to the application.
This is particularly useful when retrieving previously
savedfiles. Since the File Managerdisplays the list of possible files, the user has less to remember.To help further,
the application program can instruct the File Managerto
show only files whose namesmatch certain patterns.Since
many application programs always use a consistent filename suffix as a default, this provides a simple method of
limiting the files displayedto thosemost likely to be usable
with the current program.The usercan overridethis default
to see other files.
To customizethe File Managerdisplay, application pro-

Flg.1. The PersonalAPPlications
Managerscreen is what the user
normally sees after turning on the
HP 150 PersonalComPuter.
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grams can specify the contents of severalof the File Managerscreenlabels;this helps remind the user of the specific
task at hand while providing consistencyamongthe application programsthat use the File Manager.
User Interface
While touch input is important to pAM and the File
Manager, both are also designed to work well under
keyboard control. It is often annoying to a fast typist to
have to reach away from the keyboard,and it is also easier
to take advantageof the HP 150's type-aheadfeature by
using the keyboard.The TABkey and cursor control keys
are used to move a selectingpointer around on the screen;
the Selectkey on the keyboard performs the same function
as touching the item the arrow is currently pointing at.
When a filename or subdirectory name is to be selected,
the name can also simply be typed in. The function labels
on the screencorrespondto eight function keys at the top
of the keyboard whose meanings are exactly the same as
touching the screenlabels.Many usersfind that they switch
back and forth between the various selectionmechanisms
depending on what they are doing.
Touchscreen Applications
Becauseit uses an industry-standardoperating system,
the HP 150 can run a variety of applications softwareprograms,including the most widely used spreadsheet,word
processing,and data basemanagementpackages.Most of
the softwarefor the HP 150 is offered by companiesother
than HP and may or may not usethe HP 150'stouchscreen.
HP-developedsoftware packagesfor the Hp 150 are designed to maximize the benefitsof the touchscreen.These
packagesinclude MemoMaker, PersonalCard File. Series
1O0/Graphics,and Financial Calculator.VisiCalc@for the
HP 150, which was developedby HP under an agreement
Visioalcois a U.S.registeredtrademarkof Visioorp.

with VisiCorp,alsomakesextensiveuseof the touchscreen.

MemoMaker
MemoMaker is a simple text editor with a few word
processingfeatures.It is designedfor the user who needs
to do simple text processing,but neither needs a complicatedword processornor desiresto spendmuch time learning how to use one.
To keep MemoMakersimple, the number of featuresand
options has beenkept down. The usergetsinstant feedback
in a "what you see is what you get" mode. Actions the
user would naturally attemptwork in a reasonablemanner.
For instance,the user is free to move the cursor anywhere
on the screenand type. If the cursor is beyond the end of
a line, the line is automatically extended with blanks to
the cursor position. Moving the cursor into an area on the
screen where there is currently no text is a very natural
thing for the user to do, but many other word processors
do not allow the user to do this.
In MemoMaker,the user createstext by typing, in either
overwrite or insertion mode. When text is being inserted,
existing text following the insertion is moved or wrapped
to the next line so that no text is lost. Text that has already
been created can be deleted, copied, or moved. By using
the File Manager, or by explicitly specifying filenames,
the user can save text or retrieve previously createdtext.
It is easy to reformat blocks of text into nicely aligned
paragraphs,underline words, or make text boldfaced.To
show what text looks like, it can be printed on one of
severalprinters with user-selectedmargins,tab stops,and
various other options. A help facility is available at all
times to explain the various commands.
The MemoMaker Screen
The screen presentedby MemoMaker consists of three

Fig.2. Onthe MemoMakerscreen,
the display area is flanked by the
bannerand prompt lines(top)and
the softkey labels and sysfem /nformation (bottom).
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main sections (Fig. 2). At the top are four lines of banner
and prompt information. At the bottom are the softkey
labels and system information. In between, occupying
twenty lines of the screen,is the main display area.
The main display area acts as a window on a scroll of
text in the user'sworkspace.The text currently underneath
the window is displayed on the screen as it would look
when it is printed. Using the Roll Up, Roll Down,Nextand
Prevkeys on the keyboard,the user can move the window
up and down over the entire workspace.The HomeUp and
HomeDownkeys provide a quick way to display the first
and last sectionsof the workspace.
The top line of the screen is the banner line for
MemoMaker.This line tells the userthat the programname
is MemoMaker, what softkey group is displayed, and the
name of the file that is in the workspace.This line is also
where error messagesappear.The next line provides information about the cursor's location within the workspace,
how long the workspace is, and which directory is the
default for file access.The next two lines arewhere prompts
for input appear and where the user types in responses
such as filenames.This top section is separatedfrom the
main display areaby a solid line so the user won't confuse
the messagesand typing in this area with the workspace.
|ust below the main screenare the softkey labels.These
labels correspondto eight function keys on the keyboard.
They also describethe action that will be performed if the
conesponding key is pushed.However,the user will often
find that it is more convenient to touch the label area on
the screen,which is equivalentto hitting the corresponding
softkey on the keyboard.Just below the softkey labels is a
system information line with various indicators. The ones
of particular interst to the MemoMakeruser are the InsChar
and cnps indicators.Thesetell if the programis in insertion
mode (the default is overwrite mode) and whether the caps
lock is on or not.

MemoMakerFunctions
In general,all actionsthat changethe workspacearedone
by moving the cursor to the position on the screen that
correspondsto a desired location in the workspace, and
then typing or touching a softkey label. For instance, to
enter new text into the workspace, the user moves the
cursor to the desiredplace in the workspace,and then just
types. The typing is automatically displayed on the screen
and enteredinto the workspaceat the correspondinglocation. Similarly, to deletea line of text, the user first moves
the cursor to the desired line and then pressesthe Delete
Linekey on the keyboard.
This scheme of doing things at the cursor position is
straightforwardand needsalmost no explanation.To move
the cursor, the user can use the arrow keys on the keyboard
or simply touch the screen at the desired position. The
resolution of the touchscreenis not fine enough to distinguish individual characters,but it is good enough to get
the cursor quickly to the general area on the screen.It is
easy to move the cursor to the beginning of a line using
touch, and this is frequently done.
The edit keys on the keyboardJnsert, Ilelete,and Clearare used to perform the actionslisted on the keys,although
in some casesthese are slightly different from the action
of these keys on a terminal.
Softkeys
There are five major groupings of softkeys. These are the
main keys, file keys, block keys, format keys, and print
keys.The main keysarepresentedwhen the userfirst enters
MemoMaker. From this set, each of the four other levels
of softkeys can be accessed.From each of the four other
levels, the user can return to the main keys by hitting funcMain).The softkey tree is shallow to
tion key B (MEMOMAKR
make it easier for the user to find a function. It has been
observed that in products with extensive softkey hierar-

Fig. 3. As the MemoMaker user
definesa block of textto be moved
or moditied, the text is highlighted
in half-bright inverse video.
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chies, it is easyfor the user to becomeconfused.
The file softkeys level contains functions for accessing
the disc. These include the ability to save the workspace
into a file or retrieve a previously stored file into the workspace.Also, there is a mechanismprovided so that user-defined settings,such as tab stops,margins, and printer options, can be savedin a file and later retrieved.For instance,
there are default tab stops every five columns, but the user
can specify that there will be tap stops every four columns
and savethis information in a startup file. Then every time
the user enters MemoMaker, the initial tab stops will be
every four columns.
The format softkeys level contains functions to set margins and tab stops.When this key level is displayed,a ruler
line in the prompt areaat the top of the screenshows the
current tab stop positions and margins.
The print softkeys level contains functions that allow
the user to specify how the workspace is to be printed.
There are options to double-spacethe printout, use a continuous feed (the default is to print a pageat a time), insert
pagebreak commandsinto the text, or selectone of several
different printer devices.There is also a way to skip through
the workspace to seewhere pagebreaks will occur without
actually doing any printing (in a sort of preview mode).
The block softkeyslevel contains the traditional editing
functions for copying and moving text. The user can also
reformat text into aligned paragraphs or choose to underline sectionsor make them boldface.Thesecommandsall
work on a block of text at a time. To define a block, the
user moves the cursor to the beginning of the block, and
then hits a softkey or touches the softkey label on the screen
to activatethe command (e.g.,CopyBlock).The user is then
prompted to use the cursor to define a block. As the cursor
is moved, all text between the start of the block and the
cursor position is highlighted in half-bright inverse video
(Fig. 3). This highlighted areais the text that will form the

block. Once satisfied with the definition of a block, the
user hits the BlockOKkey, which completesthe action. At
any time beforethis, the usercan cancelthe block command
using the Cancelkey. This technique of defining blocks is
powerful and very easy for the user to understand. Of
course, the initial movement of the cursor to the start of
the block and the final motion of the cursor to the end of
the block can be done with touch, so a paragraphcan be
moved around in the workspace with just a few touches
of the screen.
On all of the softkey levels, there is consistent key placement for similar functions. For example, function key B
takesthe user to a logically higher level. In the lower levels
(e.g., file softkeys)this key causesa return to the main
softkeys. From the main softkeys it causes an exit from
MemoMaker.Similarly, the on-line help facility is accessed
by function key 7 from all softkey groups.
Ease O{ Use
To make MemoMaker easy to use, the capabilities included have been trimmed to prevent the user from being
overwhelmedby options. An attempt has been made to be
consistentand reasonablein the actionsof commands,and
to give the user feedback about what is happening' For
instance, a Cancelkey label tells what will be cancelled
(CancelCopy,CancelCutOut,etc.). Also, if an action could
make sense,it is usually allowed, even when it is not the
normal way. For example, to define a block, the user can
start at the end of the block and move the cursor to the
beginning instead of the reverse.
In some ways the design of MemoMaker was quite challenging. In achieving just the right balancebetween functionality and simplicity, some very hard decisionshad to
be made to keep MemoMaker a small, easy to learn and
use product.
For example, there is no searchand replace capability.

Fig. 4. The main screen of Personal Card Flle shows the image
of a Rolodex card file with knobs,
cards, and tabs that a user can
touch.
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MemoMaker doesn't allow the user to changethe number
of lines printed per page.It doesn't support columnar text
manipulation. It doesn't have very extensive formatting
ability (for instance,there is no subscripting).It doesn't do
multiple windows. This has kept the number of softkey
commandssmall.

Personal Card File
PersonalCard File (PCF)combinesthe convenienceof a
traditional desktop card file with the convenience of an
automatic telephone dialing device and the power of a
computerized information managementsystem. There is
nothing new about card filing, autodialing, or information
management,but this combination of the three amountsto
a new level of desktop management.
Almost everyone is familiar with the Rolodex rotary card
files frequently found on businesspeoples' desks.To use
a Rolodex card file, a person turns the knobs on the sides
to roll the cardsuntil the card with the desiredinformation
appears. This card can then be pulled out of the file,
changed,and put back in the proper place. pCF has the
ability to store and use information in the same way as a
desktop Rolodex card file, Fig. 4 shows the main screen,
on which PCF displays the image of a Rolodex card file
with knobs, cards, and tabs that a user can touch. Touch
a knob image and PersonalCard File will smoothly roll
the cards until the knob is released.Since all of the information on a card is not visible from the main screen, the
user can touch a card to pull it out of the card file and see
all the information.
Fig. 5 shows a card that has been pulled from a card file.
A card containsdescriptivetext and datafields (the inverse
video areason the screen).The descriptive text is part of
the card form, and is the sameon all cards in the card file.
The inverse video fields are filled with the information

typed onto the card. The card can then be modified and
automatically reinserted in the card file.
Custom Card Format
Each card file has a single card form associatedwith it,
and every card in the card file usesthis format. Fields and
text can be placed anywhere on a card. This flexibility
suggestsuses far beyond the standard addressfile. Many
sample card forms are included in the PCF product, and
can be used as is, or adaptedto fit the user's needs,During
card design, a key field and an autodial field may be
selected.Any field on the card can be selectedas the key
(for example, a catalogfor a library may have the author,
subject, or title field as the keyJ and will then be used to
sort the cards in the card file. The information in this field
also appearson the card tabsfor easyidentification of each
card on the main screen. The autodial field is optional,
and will contain the phone number to be dialed when a
DialPhonerequestis made.
Adding a card is as simple as filling in the fields and
touching a softkey. While cards are being added, the card
form is displayed. PCF will automatically insert the new
card into its correct position in the card file.
Updating is as simple as adding a card. After selecting
the card from the card file, the user types in any changes.
The card will automatically be reinserted into the correct
place in the card file.
Searching a Card File
Often, only a subsetof the entire card file is needed(for
example, "all the Smiths in California"). Given a set of
criteria, PCF will find all the matching cards. The card
form is displayed for the user to indicate which fields to
test and what values to look for. Wildcard searchesand
comparisonsof numeric data make this a powerful feature,
The result is a temporary card file (which can be savedas
a permanent card file) that is a subset, or view, of the

Fig.5. Acard pulledfromthePersonal Card File.
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original card file. Changesmade to this subsetwill be reflected in the original card file.
Cards can be printed in severalways. Any card selected
is displayed and can quickly be printed almost exactly as
it is seenon the screen.When the entire card file is being
printed, a card form is displayed and specific fields can
be selectedfor printing. This is ideal for settingup mailing
labels.The cards can be printed to a printer or to a file for
later use.Any of thesetaskscan be done with a few touches
to the screen.
Card files can easily be copied or appendedto other card
files. Information can also be transferred to and from PCF
in a format suitable for use with other software, such as
MailMerge@,CONDOR,and BASIC.
Autodial
A Hayes Smartmodem or other compatible modem alIows PCF to dial phone numbers.PCF can dial the phone
number in the autodial field of any card,which is specified
at creation of the card file. For example, a card file can
contain names and phone numbers of businesscontacts.
To call one of them, all the user need do is pressa button,
pick up the phone, and talk.
The touchscreenreinforcesthe Rolodexcard file concept
of PCF. However, everything that can be done with touch
can easily be done from the keyboard.
To make touching the screenas easyto use as possible,
some indication of what has iust been selectedis given.
For example, when selectinga card, the user can move a
finger from card to card, and each time a new card is
touched, the tab on that card will be highlighted. The last
card touched remains highlighted. The TABkeys will also
move the highlighted tab from card to card, and the highlighted card may be pulled out using the Selectkey on the
keyboard.
l\4ailMergeis a U.S. trademark ol lvlicroProInternationalCorporation.
"CONDOR"is a U.S.trademarkof CondorComputerCorporation.

Series l.0O/Graphics
Series 100/Graphicsis a versatile charting application
whose design pays special attention to the inexperienced
user by greatly simplifying the processof graphics preparation. It enhancesproductivity by minimizing what the
user has to know and remember,by offering a user interface
that supportsan intuitive understandingof what to do, and
by providing a capability for data input from other popular
softwarepackages.
The product has been designed around the charting
needs of the neophyte and the relatively infrequent user
of graphics. Such a person is viewed as wanting to make
a variety of high-quality presentation materials in each of
the genericbusinesschart types. Of equal importance,the
chart designer is seen as valuing intuitive operation and
easeof use over the complexity that so often ariseswith
extendedproduct functionality.
With these points as major guidelines, the softwarehas
been engineeredto maximize the rate at which the user is
able to perform productive work. The overall product is
organizedinto four independent modules: text charts and
three numeric charts-bar, line, and pie. Each is run by the
user as a separateapplication,but all sharethe sameessential functionality within a consistent user interface.Data
and drawing specifications are fully interchangeablebetween the numeric chart types.
The major responsibility for knowing what to do lies
with the software.rather than with the user. All decision
points have preselected settings. As the chart designer
chooses.these default choices can be overridden.
Product Contributions
The touchscreen capability of the HP 150 provides a
nearly effortlessselectionmechanismwith which to direct
the software or make choicesamong charting options. All
basic directions can be given by simply touching the screen

Fig. 6. Serles l)1lGraPhics bar
chart menu. By touchingan icon,
the user choosesbetweenstacked
and clustered charts and horizontal and vertical orientations A
frame indicatesthe user'schoice.
/n this case, the choice is Vertical
Clustered.
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(Fig. 6). Only the data to be employed in drawing the chart
and the text to be contained in the titles, legends, and
footnotes need be entered through the keyboard.
The on-screen graphics feature of the HP 1S0 enables the
charting application to be engineered for friendly interaction with the user. Many of the touchable areas of the
menus are themselves graphical representations of the attributes to be applied to a chart. For example, line style
and bar shading are determined by touching a sample pattern on the screen.
The current chart under preparation is displayed graphically on the screen just as it will appear when plotted (Fig.
7). Many components of this on-screen preview of the chart
can be touch-selected to enable each to be designated as
the item to which subsequent editing changes will be made
or new attributes applied. To illustrate, an axis can be
touched, then rescaled. A bar chart legend can be touched,
then the corresponding bars redrawn in a new fill pattern.
The segment label of a pie chart can be touched, then the
adjacent slice redrawn "exploded" out from the rest of the
pie diagram.
Each of the four modules has an associated sample chart,
which serves as both a product demonstration and a learnby-example model. This sample graph can be operated on
by the novice as an easy way to learn the functionality and
chart editing techniques of the software. When a chart module is used for the first time, the sample chart is automatically brought up as the current data. With as few as two
touches to the screen, the example chart can be previewed,
then plotted to paper, making this a comfortable way to
gain familiarity with the product.

noteworthy. This charting module offers eight different
fonts and eight text sizes.Effective,visually appealingword
charts can be created, using the ability to intermix two
fonts and two colors on any line of the plotted chart.*
The numeric charts operate on a matrix of numbers of
up to 64 rows by 5 columns. Data can be entered at the
Datamenu or brought into the application from a VisiCalc@
model, a CONDORdata base,or a word processortext file.
The application can be instructed to plot only a subsetof
the current data.
Chart files are quickly stored and retrieved. Data from
one chart and plotting specificationsfrom another can be
matched. Thus, Series 100/Graphicsnot only works well
with a one-time graphics task, but also is equally useful
for the recurring preparation of periodic charts.
It is possible to annotate all charts with lines or text.
Simple symbols such as arrows and boxesare readily constructedfrom lines. Both forms of annotationarepositioned
on the chartwith the aid of the graphicscursorcontrol keys.
For hard-copy output, Series 100/Graphicsallows the
user to selectexactly what is to be plotted----anycombination of the data, titles, legends, axes, or grid lines. It is
possible to position a chart oriented either vertically or
horizontally on any portion of four different sizes of plotting media. It can be renderedon paper or on transparency
film for overheadprojection.A chart can also be displayed
on the full screenof the computer.This imagecan be photographed,sent to the HP 150's internal thermal printer, or
directed to a compatible printing device.

Financial Calculator

Although computers usually have significantly more
GraphicsFeatures
In additionto carefulengineering
of the userinterface, computing power than calculators,most people prefer to
Series 1O0/Graphics is also rich in functions. The inclusion
of a text chart module as part of business graphics is

use a calculator to perform a few nonrepetitive computa.The different
colorsdon't appearon the Hp 15O'smonochromatic
display,of course.

Fig.7. A chart being prepared is
displayed on the screen just as it
will be plotted. Aframe surrounds
the scrcen element that is currently active (Legend 1). Touching
another title, axis, or legend
makes that item subject to modification. A prompt on the second
line guides the user.
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tions. Computers need programsto perform even simple
arithmetic calculations, and most existing programsrequire
users to learn an awkward syntax to enter computations.
These programshave never gained much popularity.
Financial Calculator is a program that exploits the
touchscreenand the graphicsfeaturesof the HP 150 Computer to mimic the HP-12CHandheld Calculator.The user
sees a familiar calculator on the computer screen and
touches its keys to operateit, just as one would operatea
conventional calculator. Consequently, Financial Calculator is as easyto use, and as easyto learn to use, as an
ordinary calculator. Some calculator programsfor microcomputershave presentedsimilar imageson the computer
screen, but have not provided a natural means for manipulating the calculator keys.
The HP-12CCalculatorhas many featuresthat have contributed to its success.In addition to the usual arithmetic
operations,the HP-12Chas one of the most complete sets
of financial and statistical functions of any businesscalculator. Included are presentand future value, internal rate
of return, amortization, depreciation,and standarddeviation. The calculatoris programmableand can acceptup to
99 program lines. Continuous memory preservesdata and
programsin the HP-12Cwhile it is turned off.
Financial Calculator is an extremely faithful simulation
of the HP-12C. The user sees on the HP 150 screen an
HP-12C image that has the same keyboard layout and a
similar numeric display (Fig. 8). When the user touches
the keys displayed on the screen,Financial Calculator respondsjust asthe HP-12Cwould. An HP 150 disc file saves
programs and data between sessions,just as continuous
memory does on the HP-12C.
Most important, however, Financial Calculator exactly
duplicates the functions of the HP-12C.The program includes a precise copy of the HP-12C software and an
emulator to interpret it. This combination ensuresnot only

that the computer application and the calculator will perform the same functions, but also that they will produce
exactly the same results with exactly the same precision.
Customers who purchase Financial Calculator even receive
the same manual that is supplied with the HP-12C. This
design approach reduced the investigation, coding, and
testing time needed during the development of the product
and benefits users who are already familiar with HewlettPackard calculators.
HP 150 owners are not likely to discard their HP-12C
calculators! After all, an HP 150 computer will not fit in a
briefcase or operate on an airplane. There are reasons, however, why people who own HP-1.2Cswill want to buy Financial Calculator. The HP-1,2C can only store one program
and one set of data in its continuous memory. Financial
Calculator can store and quickly reload any number of
programs and sets of data from HP 150 discs. In addition,
Financial Calculator has a provision for passing numbers
it has calculated to other HP 150 applications such as
spreadsheets, data bases, and graphics programs. Numbers
can also be output to printers connected to the HP 150.
Financial Calculator combines the power of a microcomputer with the simplicity of a calculator. The HP 150's
touchscreen and graphics hardware make its operation natural and easy to learn. The HP 150 provides printing and
data storage not usually found on calculators. Financial
Calculator complements other HP 150 applications, contributing to a powerful and coordinated software system.

VisiCalc@
VisiCalc@ for the HP 150 was developed under an agreement with VisiCorp by a joint project team from HP's Personal Office Computer Division and HP's Office Systems
Cupertino Operation. The goal of the project was to produce

Fig. 8. Ihe Financial Calculator
is a faithful simulation of the
keyboardof the HP-12C Handheld
Calculator.
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a product that would run on both the HP 150 using touch
and on a block mode terminal connectedto the HP 3000.
The joint developmenteffort had the goal of making these
products as compatibleas possible.The secondgoal of the
project was to provide HP personalcomputer and HP 3000
usersan extendedpowerful spreadsheetcapabilitycompatible with VisiCalc@.
VisiCalc@traditionally has been driven by a powerful,
yet somewhatcryptic command set.In designingthe interface for the HP 150 version, the team was faced with the
requirement to keep backward compatibility for current
users and at the sametime make the product easierto use
for occasionalnontechnical users.To accomplish this, it
was decidedto keep the current command interfaceas one
of two different ways to interact with the product. The
second method, a softkey interface, was added. These
softkeysare screen-touchable
and provide accessto all features available using the traditional and extended commands.
On the screen,VisiCalc@150 cells are one row high and
from three to 77 characterswide. The limited height might
have made it difficult for inexperiencedusersto touch the
desiredcell on the first try, so experimentswere conducted
to help define how applications should use touch so that
users can be effective immediately. When the screen is
touched, the application provides feedback to show the
user which cell will be chosenwhen the touch is released.
The user's actions are:
I Touch near desired choice
I Move finger on the screento adjust the choice
if necessary
r Releasefinger to acceptthe choice.
Touch is integrated into the program in a natural way.
The original VisiCalc@contains the concept of a cell reference.Anywhere a usercan entera cell referencein standard
VisiCalc@,VisiCalc@150 will accept a screentouch. The

user can move anywhereon the worksheetby touching the
desired cell. It is much quicker, of course,to touch a cell
than to specify the cell in a gotocommand.
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touch to speed spreadsheel
calculations.

24 newrErr-pncKARDJoURNALAUGUST
1994

HardwareDesignof the HP 150
PersonalGomputer
by John E. Watkins,PatriciaA. Brown,GeorgeSzeman,and Susan E. Carrie
HE HP 150 IS DESIGNEDto be a personalcomputer
primarily for businessusers.This requires hardware
that provides the wide set of features needed in a
businessmachine. The HP 150 is also a part of HP's Information Productivity Network (IPN),so it is capableof acting
as a terminal in an HP 1000 or HP 3000 Computer System.
To provide hardware flexibility tailored to specific needs,
the HP 150's hardware is upgradableby users.The hardware plays a major role in providing a personal computer
that is easyto use and maintain. Cost sensitivity, of course,
was also a factor influencing the hardware design.
Hardware Features
Fig. 1 lists the HP 150 hardware features tailored to the
needs of the business computer user and the requirements
of an IPN node. These feature sets have a great deal of
overlap and are not exclusive. Fig. 2 is the HP 150 hardware
block diagram.
MS-DOS, the operating system, requires an 8086-type
microprocessor. An 8088 running at 8 MHz is used in the
HP 150. Becauseof its 8-bit external bus, some board area
system,
and cost savingscanbe realizedwith an B088-based
with a decreasein performance on CPU-bound operations,
compared to a comparable8086 design.In most applications, however, a personal computer system is performance-limitedbecauseof VO or disc speedand notbecause
of CPU speed.
To support a variety of flexible and fixed-media disc
drives, the HP-IB (IEEE4BB)was chosen for the disc interface. The HP-IB also provides a means of communication
with peripherals such as printers and plotters.
The basic HP 150 systemcomeswith 256K bytes of user
memory. A portion of the system data storage area, the
operating system, and the application software are in this
user memory area. This large amount of memory is more
than adequate for running most applications, but the
hardware allows expansion of user memory up to 640K
bytes of RAM to allow large spreadsheetscreens,large compiled programs,and "RAM discs" (seearticle, page 6).
A real-time clock/calendar maintains the month, date,
day, and time. The system displays the time on the status
line of the screen and the operating system uses the clock
BusinessComputer
Featurea
8088 microorocessor
Touchscreen
Largememory(256Kto 640K)
HP-rB(rEEE488)
Two accessoryslots
Real-timeclock

as a reference to time stamp files when saving them on
disc. Application programsthat serve as a desk calendar,
recording appointments and reminders, can also use the
clock features. The clock has battery backup, so the user
is not prompted for the time and date each time the system
is turned on.
Terminal Features
Terminal features of the HP 150 were selected to allow
it to fit into the IPN product strategy, that is, to support
existing HP 3000 software packageswith a display terminal
structure like that of the HP 2623A Terminal. This terminal
architecture has separatealphanumeric and graphics display subsystems.
The HP 150 communicates with a host computer through
serial data communications. Two independent datacom
channels allow the HP 150 to be connected to a serial
printer or plotter on one port and to another computer on
the other port. One port, a general-purposedatacom port,
supports either RS-232-Cor RS-422,while the other port
is an RS-232-Cport generallyused for peripheral support,
although it too can connect to other computers or modems.
Both ports communicateat up to 19,200baud.
Expansion Gapability
Although the standard feature set of the HP 150 is substantial, it is clear that it will not satisfy the needs of all
users-hardware expansion capability is necessary.In providing this capability severalgoals were identified:
I Allow accessorycards to be integrated within the package,i.e., no extensionboxesrequired.This must be done
within the packagingconstraints of the small footprint.
I Provide a physical and electrical interfaceto the accessories that will satisfy the requirements of a large variety
of devices.Such devicesinclude modems,memory expansion, languagelocalization, and boards with ROM
resident code.
I Make installation of the accessoriessimple and costeffective.
After weighing several options, we decided to provide
two internal accessoryslots. The slots reside below the
processor card and communicate with the processor over

Terminal
Features
alphadisplay
80-column-by-24-row
Two softkeyrows,one statusline
Fivealphacharactetenhancements
Eightdistinctalphacharactersets
alphadisPlaY
Multiple-page
bitmappedgraphics
512-by-390-pixel
RS-232-Cand RS-422datacomsupport

Fig. 1. HP 150 hardwarc feature
ser.
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Printers/
Plotters/
Dlscs

Touchscreen

Host CPU

the frontplane. These VO cards are each allocated a 64K
block of memory within the processor'saddress space.
These address blocks are decoded on the memory board,
which generatesslot select signals that are sent to each
slot. This relieves the accessory cards of the burden of
decoding and removes restrictions on the placement of
boards. The firmware also provides a search-and-identify
algorithm, which allows an accessoryto execute ROM resident code. Finally, the slots are designed to allow the
user to install the accessories.This is done by removing a
backplate and sliding the option in from the rear. This
reduces manufacturing and inventory costs by eliminating
the need to load options at the factory. It also allows users
to update their systemsin a cost-efficient manner after they
have purchased them. The internal printer is alSodesigned
to be installed by the user.
Processor l/O Operations
The 8088microprocessoraccesses
the HP L50 ?O system
through memory and I/O mapping of the various devices.
The keyboard and the touchscreen are controlled by an
Intel 8041A single-chip microcomputer, which acts as a
slave processor to the 8088. The 8041A contains integral
ROM and RAM, a time/event counter, and two S-bit VO
ports. A 7201 dual-channel UART (universal asynchronous
receiver/transmitter) controls the data communications
ports, and IIP-IB peripherals are accessedunder the control
of a TMS9914A controller chip. Communication with the
optional integral printer is made via a simple interface on
the frontplane board that handshakes bytes of data to be
printed. Each of these devices is accessed through the
B0B8'sVO addressspace.
The video subsystemand the accessoryslots are accessed
through the memory addressspaceof the 8088. Quicktransfers of blocks of data to an accessorydevice or to alpha or
graphics memory are facilitated by this organization. To
simplify implementation, the system status lights (LEDs)
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Fig. 2. HP 150 hardware block diagram. TheCPU is an B0B8microprocessor running at 8 MHz.

mounted on the mezzanine memorv board are also memorv
mapped.
Video Board
Fig 3 shows the major components of the video board
and the flow of data and control information between them.
The following is a brief description each of these components.
I ProcessorWait and RequestGeneration.Decodes8088
access to the alpha RAM, video controller register, or
graphics RAM and produces signals for the RAM controllers. Also inserts necessaryprocessor wait states.
r Graphics RAM Interface. Interfaces the 8088 and the
graphic display controller chip (GDC-3091) to the
graphics RAM.
r Graphics RAM. A 32K x 8 block of dynamic RAM is used
for storing graphics information. Because the graphics
display is a bit-map display, the information is stored
in that format. A portion of the RAM is also used by the
alpha video firmware for storing variables.
r Graphics Display Controller. A custom gate anay
graphics controller chip retrieves data from the graphics
RAM and forms the graphics dot stream. The chip also
provides timing signals for the graphics RAM.
I Alpha RAM Controller. Interfaces the B0BBprocessorto
the alpha RAM and to the SMC 9007 video controller.
Also interfaces the SMC 9007 to the alpha RAM.
r Alpha RAM. A 12Kx8 block of static RAM storesthe
alpha information to be displayed.
Alpha Video Controller.The SMC9007VLSI video controller retrieves data from the alpha RAM and provides the
signals needed to generate the alpha dot stream. The
chip also generatesraster signals to the sweep board.
CharacterROM. A 16Kx8 ROM contains the template
for each alpha character.The ROM contains eight character sets:Roman, Roman extension, bold, bold extension,
italic, italic extension, line drawing, and math. Each set

Frontplane
(8088)

{--}Ii:n3[Tl"
e331il3fi1tffi:,il:"
Board
contains 128 characters.
I CharacterDisplay Logic. This hardware usesinformation
fetched by the SMC 9007 from the alpha RAM. It getsthe
template for this from the characterROM, and with other
signals from the SMC 9007, the alpha character dot
stream is generated. This stream does not include any
enhancement information.
r EnhancementDecoding Logic. This hardware decodes
the enhancement information fetched from RAM by the
SMC 9007. It also relies on enhancementsignals provided by the SMC 9007 to produce control signalsused
by the mixing hardware.
r Dot Stream Mixing. This hardware mixes the alpha and
graphics dot streams and selects enhancements as directed by the control signals from the enhancement decoding logic. The final dot streamsare full bright and
half bright, which are sent to the sweep circuit.
r Clock Generation.Producesvarious clock signals used
throughout the video board.
Compact Electronic Design
Providing the system feature set presented several challenges,but chief amongthesewas the small footprint package.The packageprovides room for three layers of boards
that communicate over a frontplane through pin and socket
connectors(seeFig. 4). There is also room for one layer of
boards between the top two main board layers. Boards in
this spaceare called mezzanineboards and communicate
with the boards immediately below them through dedicated connectors.The bottom board spaceis allocated to
the accessorycards. The upper board houses the video
circuitry, and the middle board carries the processorand
other LSI chips. The standardsystemROM and RAM reside
on a mezzanine memory card. A second mezzanine card
communicationsport. These
supportsthe RS-232-C/RS-422
cards interface directly with the processorcards.
To reducethe IC count on the video card,a PLA (programmable logic array) and a TTL gate array are used. The gate
array implements most of the circuitry of the graphics controller section, including control of the RAM. Compared
to discrete circuitry, the gate array consumes one fifth the
space, one fourth the power, and one half the cost. The

Fig.3. Maiorcomponentsof the
videoboard.

PLA is used to perform the alpha enhancementdecoding,
and reducesthe board areaused by a factor of 2.5.
Board spacewas at a premium during the design of the
RAM controller for the mezzanine memory board. The
RAM and the systemROMs are both housed on this board.
Becauseof the small spaceand the irregular shape of the
board, a commercial LSI controller with its support circuitry would not easily fit. A discrete controller was implemented; it puts the B0BBin a hold state (where it stops
accessingexternal devices)while four consecutiverows in
each dynamic RAM get a refresh cycle. Every 56 microseconds, another four consecutive rows get refreshed.This
controller implemention reduces processor bandwidth
under worst-casesituations by only 4.5% and costs less
than an LSI controller implementation. A frontplane signal
sent to the accessoryslot connectorsallows any installed
memory expansion board to synchronize its refresh with
that of the standard RAM. This eliminates the performance
degradation that would occur if the expansion memory
were to do its refresh asynchronously with the other board;
it alsoreducesthe refreshcircuitry requiredby the accessory.
Performancewas also an issue of concern in the video
subsystem.To prevent long processorholdoffs, no row buffers are used in the alpha section (doublerow buffers with
DMA could not be consideredbecauseof spaceconsiderations). Unfortunately, this created severaltight timing margins, introducing the need for techniquesnot usually used
with a VLSI implementation. These techniques include
skewing the clocks with buffers to provide more time to
decodesignalsor to increasehold-time margins.Hold times
for the data sent from the RAM to a register are increased
by chaining the output enable signal of the RAM with the
clock signal of the registerreceivingthe data.Somecontrol
signal pulses are stretched by clocking the signal into a
flip-flop and then using the clear input to removethe signal
(seeFig. 5).
Product Design
For the HP 150 to have a friendly, nonoverpoweringappearance,it had to be compact. This created space efficiency requirements,which had a major impact on the
hardware design.
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Software Graphics in the HP 1S0
The HP 150 has a softwarevectorgenerationgraphicssystem.
Thisdiffersfromthe hardwaregraphicssystemsin mostprevious
HP products,Whenhardwaregenerationis used,the graphics
subsystemis suppliedwith informationdescribinga vector and
the hardwarethen calculateseach dot of the vector and writes
it into RAM. For example,the processormay give the graphics
systeman (x,y)coordinatepair,a slope,and a vectorlength.In
the HP 150,the processorand the systemf irmwaredo the entire
job of calculatingeach dot of a vector and writing it into RAM.
Becausethere was concern about the performanceof the Hp
150comparedto otherHP graphicsproducts,studiesweredone
with three products:
r HP 150 PersonalComputerwith softwarevector generation
r HP 26284 Terminalwith half hardware,half softwarevector
generatron
t HP 2623ATerminalwrth hardwarevector generation.
The HP 2628Ahas registersin hardwarethat allowthe processor to write to the graphics system to cause an incrementin
vector calculations.The hardware actually writes the dot into
RAM.
The firststudywas a calculationof dot drawingspeed.In these
calculations,it was assumed that each dot of the vector must
be computed and written into RAM separately. In hardware
graphicssystems,this is generallytrue all the time. In the Hp
150, this may not be the case. For example,horizontalvectors
can be writteninto RAMeight bits at a tjme on the HP 150 (these
vectorswere not consideredin this studv),The resultsare shown
oetow:
HP150
HP2628A
HP2623A

24 psidot (typical)
5.75psldot
5 s.s/dot.

Fig. 1. Ple chart used for graphics speed comparison.
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These numbersindicatean incredibledifferencein exoected
drawingspeed on theseproducts.To find out what kind of difference the customerwould perceive,there was a second study.
This study put full screensof graphicson these productsvia
datacom. Informationwas sent via datacom because all three
products can receiveinformationthat way.
This second study compared two dilferentscreensdrawn on
each of these products at two different baud rates. The two
screensdrawn are shownin Figs.1 and 2. The pie chartis typical
of businessapplicationsand the pictureof a gear has a variety
of vector types. A demonstrationpod was used to send the
information.This pod attaches to the RS-232-Cport and can
send informationat any given baud rate.The handshakingwas
XON/XOFF.
Here are the results:
Screen

Gear Drawing

Pie Chart

BaudRate

9600

19,200

9600

19,200

HP150
HP26284
HP 2623A

8.4s
8. 1s
7.9s

B.1s
6.2s

7.2s
7 . 1s
7.4s

6 . 7s
4 . 8s

-The 2623A does not

operateat 19,200baud.

The conclusion of the second study was that, under these
constraints,the differencein time for drawinga screenon these
productsis, for all practicalpurposes,negligible.
The extracost
and space associatedwith hardwarevector generationdo not
pay off in extra perceivedperformancein generalbusinessapplications.

Fig.2. Gear drawing used for graphics speed comparison
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One effect of the spaceconstraints is the relatively small
nine-inch CRT display. Much effort was put into creating
a high-quality display. To produce sharp, legible characters, additional attention was given to the video board,
sweep board, and CRT. On the video board, half-dot shift
is used to generatesmooth diagonallines, while dot stretch
helps thicken dots to produce brighter characters.The
sweep board was modified to further increase character
conhast. As recommendedby HP ergonomic studies, the
HP 150 has a dark-bodiedgreenCRT for good contrastand
minimal eye strain. Much work also went into meeting
Europeanergonomic standardsfor the display.
Manufacturing Considerations
Design for manufacturing is important to the successof
any product and was crucial for the HP 150. Much time
was spent understandingthe manufacturing process,and
designchangeswere madeto fit into that process.For example, components were selected and positioned to allow
maximum use of autoinsertion.Printed circuit board traces
were moved away from pins to prevent solder shorts during
wave soldering.
Much effort was put into the self-test software to assist
the production line in testing units. Part of the self-test
allows remote data collection and monitoring. This remote
monitoring ability was used extensively during the development cycle. Hundreds of units were placed in a strife
chamber,which subjectedthe units to hot and cold temperature extremes.An HP-85 Computer outside the chamber
communicated with each unit in the chamber to log any
failures that occurred while the unit was running its selftest. This strife testing is still used on an auditing basisto
ensure the reliability of the units being assembled.
Ergonomicswas also a major objective in the design of
the user interface. To give users a comfortable feel, the
keyboard has a low profile, adjustabletilt, and sculptured

Fig. 4. Ihe HP 150's small footprint required a compact board
arrangement and interconnect
scheme.

keys. This deviceis an impressiveachievementof mechanical design (seearticle, page34). Keys are well laid out and
havejust the right amount of stiffnessand tactile feedback.
The touchscreenprovides userswith a simple interface
to applications.Insteadof spendingtime memorizing computer commands, users should be productive with their
PCs immediately. With the help of the touchscreen,commands can be entered just by touching highlighted areas
on the screen,alowing applicationsto be menu-driven and
simple to learn and use.
To fit well into home and office environments,the product has to comply with various safety and regulatory standards both in the U.S. and abroad.Becausethe PC is aimed
at the home market as well, an extra level of safety is built
into it. The packageis designedto prevent possiblehazards
to usersin the home environment. Severalsafetyagencies,
including UL (U.S.A.), CSA (Canada)and FEI (Finland),
have inspectedand approvedthe design.ESD(electrostatic

Fig. 5. Tomeet tight timing requirements,somecontrolsignal
pulses are stretched by clocking the signal into a flipllop
and using the clear input to remove the signal.
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discharge)limits have also been observed;the unit can
withstand up to 15,000 volts of static dischargewithout
Ioss of data or damageto components.Much effort was
spent on making the unit comply with FCClevel B (U.S.A.)
and VDE level B (Europe)electromagneticinterferenceregulatory limits.
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PersonalComputerPrinterls User
Installable
by Joseph D. Barbera
HE HP 2674A PRINTER(Fig. 1) is designedspecifically for use as an option for the HP 150 Personal
Computer.It featuresquiet printing, autoloadingof
roll paper, user installability, and a zero footprint.
The printer is a wedge-shapeddevice (Fig. 2) that fits
into the top of the HP 150 cabinet and straddlesthe yoke
of the HP 150's cathode-raytube. One cable connectsthe
printer to the computer.
Thermal printing was chosenfor its inherent simplicity
and quietness.The printhead, which is already used in
another HP printer, was modified for 12V service,and an
additional interstitial wear layer was added to provide life
in excessof 100 million characters.

data strobe input to the printer and blinks when data is
being successfullytransferred.The pushbutton switch initiates a local confidencetest.
Electronics and Firmware
The printer has microprocessor-controlledelectronicsto

Mechanical Design
One of the printer's unusual featuresis its soft, round
platen.This providesa printing surfaceas well asthe paper
motion device.The low durometerrating of the platen was
picked so that the printhead depressesit, making it look
like a flat platen. This is one of the keystonesof the design,
allowing for the compactnessand simplicity of the printer.
A sheet-metalchassisis used instead of plastic because
of the shorter tooling lead time. A low number of moving
parts and a low total parts count lead to high reliability
and low assemblycosts.
The customerreceivesthe printer in a separatebox and
simply drops it into the computer and depressesa pair of
quick-latches.The single cablehas a 50-pin connectorthat
includes 12V, 5V, data I/O, and ground connections.Paper
is inserted until detectedby a sensor,and then the printer
completesthe loading sequenceautomatically.
User Troubleshooting
To make the printer completely user installable, it was
necessaryto provide some means for the user to isolate a
problem to either the printer or the HP 150. Two light
emitting diodes and a pushbutton switch are provided.
One LED monitors the power supply voltagesand will not
be lighted if the cable is not properly connectedor if there
is a power supply problem. The other LED monitors the
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Fig. 1. fhe 2674A Printeris a themal pilnter that fits into the
top of the HP 150 PersonalComputer cabinet.

minimize the processingIoad on the HP 150 processor.
The HP 150 communicateswith the internal printer via an
eight-bit TTL data bus. Data is sent in the form of eight-bit
ASCII charactersor graphicsdot data.Commandsto invoke
special featuressuch as compressedprint or graphics are
sent as ASCII escapesequences.Theseare the sameescape
sequencesused by all HP printers. The feature set of the
2674A Printer is based on HP-PCL (Printer Control Language),which ensures compatibility across HP's printer
product line.
Data from the HP 150 is buffered in a 2K-byte RAM on
the printer control board. The microprocessorthen determines which direction it should move the carriage to
minimize the time required to print the next line, and acceleratesthe head carriage up to print speed. The head
carriage and paper advance motors are 7.S-degreestep
motors, and both are directly controlled by the microprocessor.
The microprocessorthen getsthe dot data to be printed.
If it is in graphics mode, it looks up the dot data in the
RAM buffer and converts it from the row format sent from
the computer to the column format required by the print-

head. If it is printing character data, it looks up the dot
pattern data in the ROM on the printer control board. When
the printhead has reached the correct speed, the microprocessor starts sending the dot data to the printhead. To print
at 120 characters per second, a new column of dots must
be sent to the head every 463 microseconds. At the same
time, the microprocessor continues advancing the head
carriage motor. If a dot to be printed in a row was off during
the previous column, it is left on for 430 microseconds'
However, if a dot in a row was on in the previous column
it will already be warm so it is only necessary to turn it
on for 150 microseconds. This is known as second-dot
compensation, and it is performed by the microprocessor
while printing.
After a line has been printed, the head carriage is decelerated to a stop and the paper advance motor is activated.
The microprocessor uses a reflective optosensor to check
for holes in the paper that indicate top-of-form in perforated
paper or the end of the paper. If a top-of-form hole is found,
the paper is advanced to the top of the next page automatically after the last line on a page is printed. If a paper-out
condition is detected, the paper remaining in the printer
is ejected and the microprocessor waits for more paper to
be inserted. When more paper is detected, the paper advance motor starts rotating so that the paper is caught by
the platen and automatically loaded. Normal operation is
then resumed.
Close contact was maintained with the HP 150 firmware
development group to ensure that the printer interface
would produce a "what you see is what you get" result for
screen dumps. The HP 2674A is able to print any character
set available on the HP 150, and it can print a dump of the
graphics display in about 40 seconds.
The thermal printhead is delicate and easily damaged
by abnormal conditions, so the control electronics has special circuitry to monitor the voltage on the printhead. If a
head driver is left on too long, the drivers are disabled and
the microprocessor is reset. This circuit also protects the
printhead when the power is turned on and off and when
the microprocessor is not working.
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Fig.2. The 26744 Printer is a wedge-shaped device that
st/addles the voke of the HP 150's CRT.
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Goodner suggestedthe self-testand the diagnostic LEDs.
Project managerWally Thrash, who took over for Brodie
Kent and also contributed to the electronic design, gets
credit for making this project a successin a comparatively
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A StandardKeyboardFamilyfor HP
ComputerProducts
/f's designed to meet ergonomic requirem enfs,safislyuser
preferences,be easilycustomized,and be producedin
high volumeat low cost.
by LorenzoDunn and MichaelR. Perkins
HE HP 150 TOUCHSCREENPersonalComputeris the
first HP product to use the new HP +60t0 family of
keyboards(Fig.1). Thesekeyboardswill be usedfor a
wide variety of Hewlett-Packardproducts,providing a uniform human interfacefor customerswho use HP personal
computers,terminals,and technicalcomputersmadebyHP's
PersonalOfficeComputerDivision, RosevilleTerminalDivision, GrenobleDivision, and Fort Collins SystemsDivision.
Variations on the keyboard layout will also be used for HP
portablecomputersmadeby the PortableComputerDivision.
Beforethe HP 150 project,it becameclearthat an HP standard keyboard would have to be a departure from previous
HP keyboards.In the past,eachHP keyboardwas designed
with the individual product in mind, leadingto a proliferation of incompatiblekeyboards.Becauseof this fragmentation, volumeswere low and costshigh. Worse,usershad to
learn a new keyboard layout for each product they used.
As HP computer products moved from terminals,which
were often dedicated to a single function such as word processing,to computers,which can changefunction with each
new piece of application software, a general-purpose
keyboardlayout becamea necessity.A group of representatives from many HP divisions was formed to arrive at a common kevboard lavout.

DesignConsiderations
Asidefromtheneedto aniveatastandard
keyboard
layout,
there were a number of other factors influencing the new
keyboard design.
First was customerdemandfor keyboardswith sculptured
keycapsand a low profile for fast and more comfortabletyping, a typewriter-likelayout, and tactile feedback(the click
you can feel when typing on a good keyboard).
Next were regulatory edicts that made ergonomic
keyboarddesigna necessityas well as a competitiveadvantage. For example, regulations in Germany govern the
height of the keyboard above the table, the contrast range
of the caseand keycap colors, and the detachmentof the
keyboard from the display unit.
The dropping cost of computer products meant that accessorieslike the new keyboard would have to be built
with low cost as well as ergonomicsin mind. The keyboard
would have to be easy to build in high volumes.
Finally, the demandsof selling computer products in an
international market meant that the keyboard would have
to be localized (key legendsin the native language)for at
least 17 different nations.

Fig. 1. Ihe HP 46010 Keyboard
is produced in seventeen local
language versionsfor the HP 150
Personal Computer. Related keys
are grouped together. Color is
used lo separate b/ocks (see
Fig 3)
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Low Profile
As mentioned earlier, good ergonomicswas one of the
primary goals in the design of the HP 46010 Keyboard. The
height of the keyboardabovethe desk surfaceis one of the
most visible ergonomicspecifications.Germanregulations
and good designpracticerequire that the keyboardbe lowprofile, that is, that the home-row (ASDF...)keycapsbe at
a height of 30 mm above the desk. There are two reasons
for this: first, to keep the overall height of the keyboard
above the floor as close to the original desk height as possible, and second,to allow typists to reset their hands on
the desktop while typing. Both of these features have been
shown to improve keying performance significantly (increasespeed and reduce errors).
But there are trade-offs in making a low-profile keyboard.
It turns out that people are most comfortable typing on a
keyboard that is angled up at about 12 degrees,and this
increasesthe height of the home row. Another essential
featureis a full-travel, tactile feedbackswitch. To meet the
low-profile height requirement and keep the tactile feedback switch, the keyboard is designed to tilt so that it can
be at its lowest height at a 3" angle to the desk and can be
tilted up to a more comfortable 11.5oangle if the user desires.
The tilt leg (Fig. 2) is a single ABS plastic piece that
snapsinto the bottom of the keyboard. It clicks into a detent
in the up or down position, and can be operatedwith one
hand, from either end.
Tactile Feedback
A full-travel, tactile feedback switch is the heart of a
quality keyboard.A switch is consideredto be full-travel
when it has a stroke of 3.8 mm from the start of its travel
to the end. For tactile feedback,an essentialelement for
high-speed typing, the switch mechanism must tell the
user's finger when the switch has made contact. Usually
the contact point is well beforethe bottom of the keystroke
and high-speedtypists will not push the key all the way
to the end of its stroke. HP keyboard designers worked
closely with a carefully selectedkeyswitch vendor to develop a keyswitch that meets all of the tactile feedback
requirements.
The HP 46010 Keyboard'skeycapsare another example
of ergonomicattention to details.They are step-sculptured
keys. The step refers to the different heights of the different
rows, while the sculpture refers to the curved surface of
the whole keycap array. High-speedmotion photography
done in the early stagesof the project and preferencesexpressed by customers showed the desirability of stepsculpture keyboards.The numeric pad keys are stepped,
but not sculptured, becausethis proved to be optimum for
numeric data entry.
The top of each cap is dished in a toroidal section to aid
in locating the typist's finger. The F, J, and S keys, used to
locatethe user'shands on the keyboard,have a deeperdish
than the other keys. The texture of the key tops was carefully chosen.It had to be rough enoughto eliminate reflections, but not so rough that it would trap dirt or feel abrasive
to the user's fingers.

Layout and Graphics
The key layout is designedto group relatedkeystogether.
For example, the cursor related keys such as Selectand
Homeare located near the cursor control keys, which are
arrangedin a comfortable"inverted T" layout. Above these
are the editing keys.Color coding is usedto separateblocks
of keys, and keys that can have severe effects (like Break
and stop) are placed as far away from the main array as
possible.Overall,the layout provides a high degreeoffunctionality in a small amount of space.
The graphic designof the legendsprovides a clean,modern appearancealong with superior readability. The use of
blue legendsto code the nonobvious shifted functions reduces the visual complexity of the keyboard.
Another design considerationis the need to customize
the keyboardfor specificapplications.For example,certain
software packagesand hardware options redefine keys on
the keyboard.International charactersets,math sets,and
line drawing setsare often used by redefining the keyboard.
On otherkeyboardsthis hasbeenhandled by stick-onlabels
and other methods.
The HP 46010 Keyboard'snumeric keys are designedso
that an overlay can be placed over them, leaving room for
a secondary legend below each key. Another overlay is
availablefor relabelingthe function keys.To solvethe problem of getting to alternate character sets that are mapped
onto the main array, a formed metal reference plate fits
onto the top of the keyboard. It is the same width as the
keyboard's main array, and it has a compressedgraphic
representationof the keyboard (Fig. 3).
Since the new corporate keyboard is to be used with a
wide variety of products, it is designedto be visually compatible with HP's overall computer products styling program, retaining some of the visual motifs of this program,
but applying them in a way appropriate to a keyboard.

Fig.2. The tilt leg allows the user to choose the best combination of height and angle.
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Fig. 3. Overlays for the numeric
and function keysand a reference
plate for the main array can be
used to relabel keys that are redefined by specific applications.

Product Design by CAD
The final product design of the keyboard was completed
in a relatively short time, partly becauseof the use of HP
DRAFT, a computer-aideddesignsystem.The Division that
completed the layout of the keyswitch array sent their design to the Division that had final design responsibility in
the form of a flexible disc. The final product design then
became an interactive process of "building" the keyboard
around the array on the computer screen. This allowed
partitioning of part design responsibility with minimum
errors and maximum speed.
The keyboard is designed to be built in high volume.
Excluding the keycaps, there are only five major parts in
the assembly:the top and bottom caseparts, the kickstand
tilt detail, the cable cap (all injection-molded ABS), and
the keyswitch array.
The blank polyester keycapsare assembledonto the array
and then printed, all at once,by a proprietary process.This

AddressCorrection
Requested
Hewlett-Packard
Company,
3000Hanover
Street,PaloAlto,California
94304

processenableseconomicalproduction of 17 localizedversions with one setof tools and considerablyfewer different
keycaps. It also reduces the misload rate significantly.
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