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In this Issue:
With this issue we inaugurate a new and, we hope, more informative contents page. In this

space each month we'll try to put the entire issue into perspective and outline the significance
of the products and subjects discussed in the articles. Regular readers will also notice
changes throughout the issue. lnaugurated last month, the changes involve type sizes and
styles and the treatment of illustrations and inset articles.

Our cover subject this month is the HP 250 Small-Business Computer. An entry level
computer for small companies and departments of larger companies getting into computers
for the first time, it's designed to be easy to operate, to fit into the office environment, to adapt

to the ways individual operators like to work, and especially, not to intimidate the first-time operator. But despite
its friendliness and low price, it's more powerful than anything else in its price range, offering full data base
management and facilities for report and forms generation.

Like any computer, the HP 250 needs to be programmed to solve business problems like inventory control and
accounts receivable. HP supplies applications program packages that perlorm many of these functions. But
because every business is ditferent, these probably aren't the complete answer for every business. The more
sophisticated user with in-house programmers can use the HP-supplied software packages to develop tailor-
made programs. The first-time user with no programming capability will probably acquire the HP 250 through
another manufacturer or software company who will provide ongoing software support. In fact, this is how most
HP 250s have been sold so far.

Also in this issue (p. 29) is an article about a low-cost system using off-the-shelf HP products to measure how
certain semiconductor-device parameters that are supposed to be constant actually change under transient
conditions. Research on these effects has been done in the past using expensive special equipment. The
low-cost HP system, developed at HP's central research laboratories, is being used in conjunction with
previously published research data to develop various processes for making semiconductors. While it's not
being otfered for sale as a system, the authors feel that the system is so useful that many people involved in
semiconductor process development might want to put one together for their own use.

-R. P. Dolan
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A Human-Engineered Small-Business
Computer
This entry level, low-cost syslem off ers the first-time user a
self-contained computing facility with full data base
management capability.

by A. Peter Hamilton

SMALL COMPUTER with ful l  data base manage-
ment capabil i ty, the HP 250 Business Computer is
designed as h completely self-contained computing

faci l i ty for small  companies and divisions of large f irms.
The system offers the first-time user an approachable com-
puter that is fr iendly, simple, and interactive, as well  as
powerful,  rel iable, and expandable.

Because the primary business applications are data in-
tensive in contrast to the computational intensity of scien-
t i f ic appl icat ions, the HP 250's data base management
software system is considered a signif icant contr ibution in
a low-cost, entry-level system. Data base access is further
e n h a n c e d  t h r o u g h  b e t t e r  d a t a  e n t r y  a n d  r e p o r t i n g
capabil i t ies. These faci l i t ies, coupled with a powerful in-
quiry faci l i ty, provide easy access to t imely information for
better control of the business.

The HP 250 (Fig. 1) is designed to provide big-computer-
system capabil i t ies while minimizing training t ime and
maximizing access to the computer's power. The system

addresses the needs ofthe user in numerous ways. Perhaps
most visible are the human factors considerations, namely
the desk-style work station, the easy startup by the turn of a

key, the typewriter- l ike keyboard, and the adjustable CRT
that t i l ts and sl ides to f i t  the variat ions in individual needs.
The other important but not so visible system capabil i t ies
are the 1.2M-byte f lexible discs, and the expandabil i ty of
the system to include a 12.8M-byte Winchester-type f ixed
disc, an HP 7906 2OM-byte cartr idge disc, a 180-character-
per-second printer, and a mult i-user terminal configura-
t ion. User memory is expandable from 32K bytes to 64K
bytes. The HP 250 also provides asynchronous data com-
munications capabil i ty to other HP computers.

HP 250 applications software avai lable at this t ime is

focused on the small  f i rst-t ime user, who wil l  most l ikely
acquire the HP 250 from an original equipment manufac-
turer (OEM) or a software f irm. However, larger companies
and experienced end users may acquire the system direct ly
and supply their own applications software in addit ion to

Fig. 1. Ihe HP 250 ls a /ow-cosl
entry level computer system fol
sma// business es. lt is shown here
with the optional printer noise-
reduction enclosure.
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Human-Engineering the
Small-Business Computer

by Barry Mathis

Traditionally, the user interface of computer products has
been designed by and oriented towards the programmer. As a
result, these devices have reflected the programmer's comput-
er expertise, making computers approachable by only a small
group of highly ski l led init iates. For those outside this inner
circle, computers have seemed forbidding, their keyboards
complex, their languages obscure, their displays baff l ing. Un-
fr iendly! What has been missing is human engineering for the
unitiated operator.

Because it rs a business computer, the HP 250 presented
some interesting human factors challenges. First, its operator is
likely to be a clerical person, not a computer professional or a
programmer. Familiar only with a typewriter, such an operator
may be intimidated by machine complexity. ConJusion, frustra-
tion and fatigue result from poor operator-machine mating. Sec-
ond, the tasks performed on a low-cost computer are primarily
business accounting procedures. An order processing or bi l l ing
clerk might spend an entire work day at the computer's console
using references, documents, and procedures unique to the job
and the operator's style. Third, this type of computer's home rs
the business off ice. Unlike the special-purpose computer room,
this is a people environment demanding quiet operation, eff i-
cient use of space, and lurniture-l ike aesthetics. Al l  of these
considerations int luenced the HP 250 product design.

Design Approach
Initially, we talked with people about how they liked to work.

People entering customer orders at a terminal told us that, along
with the keyboard and the display, the source document is an
important part of their work process. The need for an ample work
surface, well placed and within arm's reach, was emphastzed.
Computer and terminal keyboards were described as complex,
confusing, even int imidating. Many off ice machines are uncom-
fortable, lacking proper leg room and ample work area. They are
too noisy and often unattractive. Office workers are apt to feel
that they are the victims of their equipment, not its masters.

This information changed some of our basic assumptions
about computer design. Table-top component systems seemed
woefully inadequate. To evaluate design decisions, a series of
full-sized models was developed. These crude cardboard con-
structions helped determine electronics enclosure volumes,
cool ing techniques, mechantcal layouts, and service access.
More important, they gave us valuable ergonomic data on
heights, angles, work surface arrangements, and overal l  size. A
number of these constructions led us to a conf iguration we were
convinced was the optimum one.

Next we oroceeded to a simulator test. This involved a
plywood model, along with a terminal for its display and key-
board, and a software set to make it operational. A simulated
order processing routine provided the basis for our test. A
variety of people ( large, small ,  male, female, experienced and
not )  tes ted  the  des ign .  A f te r  a r rang ing  the  movab le
components - re fe rence ca ta logs ,  o rder  fo rms,  source
documents-to his or her liking, each worked ior several hours,
ga in ing  enough fami l ia r i t y  w i th  the  proposed sys tem to
be cri t ical.

Problems arose. No two people l iked the display in the same
place. We had assumed this to be a fixed element. Glare often
made the display diff icult to read. Some wanted it directly in f ront
of the keyboard instead of to the right where we had f ixed it. Our

proposed work surface was too constricted for comfort, and the
terminal keyboard was felt to be confusing,

Applying these inputs, we began to explore how a CRT as-
sembly might be made movable, a real technical problem.
Printer movement was also studied. The keyboard layout was
overhauled for increased simplicity, clarity, and "typewriter-
ness." One-quarter scale modeling was employed to facilitate
easy form variation. A variety of work surface shapes were
considered to f ind a solut ion balancing ample area against f  loor
space requtrements.

Aesthetics also were considered, in the hope of creating an
ergonomical ly correct design that would be welcomed into the
office. Manulacturing process considerations began in earnest,
and service concerns were evaluated and weighed. Finally, the
parallel electronics effort was merged with the physical product
design, a highly f inished wood modelwas made ior a f inal check
ol critical ergonomic and visual factors, and tooling and iabrica-
t ion detai l ing began.

The Right Tool for the Job
The HP 250 has been human engineered to fit the operatton

and be very approachable. Sorne o1 its significant design fea-
tures follow:
work Station. Since operators arrange their work areas to suit
the task and their oersonal oreferences, a total work station
concept has been developed. The placement of al l  the func-
t ional elements (e.9. work surfaces, keyboard, display, discs,
and printer) is based on human engineering research. Every-
thing is within arm's reach, Source documents, reference mate-
r ials, and so on may be arranged to suit  the individual, The
L-shaped table top is contoured for comfort and easy cleaning.
The unit f i ts handily into a corner and occupies very l i t t le f loor
space.
Movable Display. Perhaps the HP 250's most singular com-
mitment to human engineering is i ts adjustable CRT display
screen. l t  sl ides from side to side, swivels about a vert ical axis,
and tilts, This range of adjustment accommodates all prefer-
ences for screen posit ion, For example, people wearing bifocals
can t i l t  the screen just sl ightly downward to faci l i tate their view-
ing. Where there are l ighting variat ions, sl ight angular adjust-
ments can reduce distracting glare. Contrast can be varied to
individual preference with an easy{o-reach knob,
Soft Keys. Eight user-defined function keys are located along
the bottom edge of the display screen. A changeable function
message displayed above each soft key describes its present
function, This al lows ease of learning and convenience of opera-
t ion, and reduces the l ikel ihood of keystroke errors.
Keyboard. Posit ioned at a proper height and angle, the HP
250's data entry keyboard is generously spaced yet simple and
uncluttered. lt closely resembles a typewriter keyboard plus a
standard ten-key adding machine pad. Typing keys are con-
toured and the key shape helps the operator home in on the keys
by feel, The keyboard is free of complex nomenclature and is
avai lable in several foreign languages.
Aesthetics. The HP 250 is designed to fit into the office. lt has
clean, contemporary styl ing. Accent panels, avai lable in several
colors, help coordinate it with the office decor. The neutral light
gray is the optimum color for a working table top.
Ouiet Operation. Acoustical pollution is an increasing problem
in offices. The HP 250 does its part to keep this to a minimum.
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Mult iple-slow-speedJan cool ing and subsystem part i t ioning
al low quiet yet eff icient operation. An optional noise enclosure
for the printers reduces printer sound output to a respectable
51 dBA.
Serviceabil i ty. The HP 250 provides for fast, easy service. A
rol l-out card cage al lows access to most key components from
the operator 's seat. Ease of service helps customers minimize
down t ime,
Process Engineering. An anay o{ manufacturing technologies
and materials was used in this computer. Compression molding
provides a tough, durable f iberglass reinforced table top that is
mar-resistant and easi ly cleaned. The electronic enclosure is a
welded steel fabrication. RIM-reaction inject ion molding-
provides a printer noise enclosure that has superior sound
absorbing propert ies very much l ike wood. Inject ion molding
and vacuum forming are used extensively. Two-color inject ion
molding forms the keys

Addit ional features include a drawer for supplies, quick refer-
ence instruct ion cards, and a tambour door to cover the f lexible
d isc  d r ives .  Sys tem tu rn-on  is  accompl ished w i th  a  s ing le
key-simple and secure. A f lexible cable manager al lows free-
dom in posit ioning the printer. Businesses that use numerous
forms for bi l l ing, payrol l ,  and so on are accommodated by a
rol l ing printer stand designed for paper handling ease The
system itself  is on rol lers for easy instal lat ion and movement.

HP 's .  App l ica t ions  fo r  the  HP 250 in  la rger  compan ies  tend
to be departmental in scope and span a broad range of
functional tasks. The HP 250 supports this type of need with
powerful appl icat ion tools in the IMAGE/250 data base
m a n a g e r ,  F O R M S / 2 5 0  d a t a  e n t r y  f a c i l i t y ,  R E P O R T
WRITER/250 report production faci l i ty and QUERY/250 in-
quiry capabil i ty. These tools simpli fy the development of
specif ic appl icat ions for departments of larger companies.

Applications software for the HP 250 supports the order
management and material control requirements of com-
pan ies  w i th  $1  mi l l ion  to  $20 mi l l ion  in  sa les .  The app l ica-
t ions have been designed to provide signif icant f lexibi l i ty
in tai lor ing the software to the user's specif ic needs at
instal lat ion t ime. Parameters and capacit ies are adjusted
without custom programming. This tai lor ing faci l i ty al lows
individual business options, such as customer and product
d iscount  ca tegor ies ,  s ing le  o r  mu l t ip le  warehouse loca-
t ions, open-item or balance-forward invoicing, and several
other choices. These capabil i t ies, commonly referred to in
the industry as "parameterized applications," provide tai-
lored applications without custom programming in many
C A S E S .

The HP 250 is an entry level computer system in the HP
continuum of computer products, but i t  is a powerful data
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Cost-Effective Electronics for
the Small-Business Computer
by Gerald L. Meyer and V. Delloy Forbes

ESIGN CRITERIA for the HP 250 took into account
the interests and needs of buyers and users of small
business computers. The result was that major

emphas is  was p laced on  cos t -e f fec t i ve  per fo rmance,
reliability, and safety.

Fig. 1 is a block diagram of the HP 250 electronics. The
heart of the system is a r6-bit  NMOS processor manufac-
tured by the HP NMOS faci l i ty at Loveland, Colorado.l '2
This is a hybrid chip set which is also used in other HP
products, such as the desktop System 45.3 It  was chosen
because of i ts proven rel iabi l i ty and effect ive processing
power.

Because the 16-bit  address f ield of the processor can
directly access only 12BK bytes of memory, while the actual
memory requirement could be several t imes that, a method
of extending the memory address space had to be used. The
technique used is an expansion of the method used on the
System 45.3 Based upon dedicated processor register con-
tents and the present state of instruction cycles, the memory
block switch shown in Fig. 1 generates a four-bit digital
word that selects one of 16 possible 64K-byte blocks of
system memory for a memory cycle.

The processor board contains two 64K-bit  ROMs, also
fabricated with HP's NMOS process. These ROMs contain
the code for turn-on self-test and system diagnostics and the
code for loading the operating system from system mass
memory (f lexible or f ixed disc) into system read/write
memory. Loading occurs automatical ly at system turn-on i f

the self  test is successful ly passed.
The system read/write memory is composed of a number

of o+K-byte memory blocks, depending on the require-
ments of the user. The maximum number is l imited by the
number of available slots for memory boards in the card
cage. The memory ICs are commercial ly avai lable 16K-bit
dynamic  NMOS RAMs tha t  have been burned- in  and
screened to HP specif icat ions. For error detection, the
memory includes a parity bit  with each byte.

The processor uses the inpuUoutput bus to interface with
the  keyboard  log ic .  In  add i t ion  to  the  typewr i te r - l i ke
keyboard on the console, there are eight soft keys on the
CRT bezel under the display. The functions ofthese keys are
defined by the user or by programs and are displayed on the
CRT just above the keys.

A 1920-word segment of memory space is al located to a

Keyboard

Signals

Soft Key Signals

Peripheral Intertace Channel

Block Switch Control Input/Output Bus

Fig. 1. HP 250 block diagram. The processor is an HP 16-btt NMOS processor of proven
reliability and processing power. The memory block switch is part of a memory address extension

scheme for managing large memories.
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special static RAM block located on the display logic board
and dedicated to refreshing the CRT display. The raster
scan CRT displays a standard B0-column-by-24-line or-
ganization for a total of 1920 characters. There is a one-to-
one correspondence between a lircation on the CRT display
and a 14-bit word in the refresh RAM. Nine of these bits
select one of s's.z possible characters. The other five bits
describe enhancements or modifications to the selected
character. The possible enhancements are cursor (a blink-
ing underline that identifies where the next character will
be typed), inverse video (black on white), bl inking, under-
line, or half-bright. The characters available include the full
128-character ASCII set (upper-case Roman, lower-case
Roman, numerals, and control characters), 32 special HP
250 CRT editing characters, and an B8-character line draw-
ing set. An optional plug-in ROM expands the set to include
the characters needed for German, French, Bri t ish, Danish,
Norweg ian ,  Swed ish ,  F inn ish ,  Span ish ,  I ta l ian ,  and
Katakana (for Japan).
Display Logic

A block diagram of the display logic board is shown in

Fig. 2. It was designed to require no processor attention for a
static display. Besides the benefit of not slowing the system
down when the display is not changing, this architecture
permits the HP 250 to have an effective self-diagnostic
capability, which will be described later in this article.
Another advantage ofthis design is that the contents ofthe
refresh memory can be modified rapidly without causing
unpleasant pictures on the CRT.

The character fonts are defined by a I x 15 dot matrix. As a
result, it takes 1 5 CRT scan lines to paint one row of charac-
ters. The dot rate is 23.69 MHz and therefore the character
rate is 23.69+9:2.63 MHz, or 380 ns per character. The
refresh memory is separated into two sections. One section
contains the character information corresponding to the
even locations on the CRT and the other section contains
the character information corresponding to the odd loca-

t ions on the CRT. When the display is being refreshed these
two RAMs are accessed alternately at sequential addresses
at a 380-ns rate. Each of these RAM blocks consists of four
4x1K-bit NMOS ICs. Separating the RAMs in this manner
permits rapid update of the RAM contents. When a new

23.69 Mb/s

Video
23.69 Mb/s

HOR
Horizontal
Drive

Line Character
Counter Counter Counter Counter

Fig. 2, Display logic board requires no processor aftention for a static display. Separate
random-access display memories (RAMs), onefor even character locations and onefor odd,

make it possib/e to update the display without inbrtering with display refresh.

Sequential Address
LSB
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+ 1 V

- 1 V

+ 1 V

- l V

Full Bright Dot

l'+-44 ns-->1

character is to be written by the CRT, the CPU writes the
new character and its address into the two registers located
on the display logic board. The RAM write t iming logic

senses that a new CRT character is in the input registers and
determines the correct time to write this word into the
refresh RAM. It does this by comparing the least significant
(odd or even) address bits in the input address register with

the least signif icant bit  of the sequential address scan

counter. When i t  senses that they are the same, the write

wil l  be done on the fol lowing access, since at that t ime the
opposite RAM will be accessed for refresh purposes. The

effect is that the character is cleanly and rapidly changed
without interfering with the refresh function. It takes at
most three'character times to change a character (about 1.2
g.s), which is faster than the CPU will write back-to-back
character changes. During horizontal and vertical retrace
there is no holdoff of the write into RAM. The entire CRT
can be rewrit ten in three mil l iseconds.

Al l  enhancements are implemented with logic. This is
true even of half-bright. Fig. 3 shows the input and output of

the video amplifier with full and half-bright dot inputs. The
half-bright dots are approximately half  as wide as a dot cel l ,
but of the same amplitude. Because of the combined effects
of the r ise t ime of the video ampli f ier, the resolut ion of the
CRT tube, and the CRT-to-observer distance, the dot ap-
pears Iess bright rather than half as wide. This technique
avoids the cost and problems associated with driving two
six-foot video l ines (the distance from the display logic
board to the CRT) as would be required by a bi level current
video ampli f ier design.

Since the soft keys on the CRT bezel are very close to the
CRT traces that cal l  out their functions, i t  was considered
desirable that the horizontal posit ion of the CRT display be
very stable. The block diagram, Fig. a, i l lustrates how the
flyback pulse t ime is stabi l ized with respect to the horizon-
tal sync input from the display logic board. The f lyback
pulse circuit  input-to-output delay wil l  vary somewhat
with the environment. The f lyback pulse is l imited and
compared in phase with the horizontal sync pulse. This

8 tEwLerr pACKARD JoUFNAL ApRrL 1979
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Fig, 3. Video amplifier response
to full and half-bright dots. A com-
bination of visual effects makes
the shorter dot appear half-bright,
even though its amplitude is the
sarne as the full dot's.

phase comparator produces an output voltage proportional
to phase, which then is compared with the reference volt-
age. The error is ampli f ied and goes to a voltage-variable
delay, which delays the input horizontal sync by just the
right amount to place the flyback pulse at the proper time to
maintain a stable display.

Flexible Discs and Other Peripherals
The peripheral bus controller serves the function of inter-

facing between the internal processor I/O bus and the exter-
nal peripheral interface channel (PIC). The PIC has many
functional similari t ies to the IEEE-4BB bus (HP-IB) but is not
strictly hardware or software compatible with it. The pri-

mary work of the peripheral bus controller is handled by a
si l icon-on-sapphire ISOS) LSI circuit  bui l t  by HP's SOS IC
facility in Cupertino, California.a Peripherals that com-
municate with the HP 250 system processor via the PIC are

the external printers and magnetic disc memories (of which
various options are avai lable), and the f lexible disc memory
subsystem bui l t  into the HP 250 mainframe.

t61 f t62=T6q1s1561

Fig,4. Feedback loop stabilizes the horizontal sync pulse so
the soft key labels on the CRT remain stable over the keys.



The HP 250 requires a mass memory subsystem capable
of hosting the operating system and system uti l i t ies, a
number of discrete relocating option modules (DROMs), a
l ibrary of BASIC applications programs, the data base man-
agement system, a user's data base with enough capacity for
a wide range of appl icat ions, and user programs, while at
the same t ime providing data backup and operating system,
data, and program portabi l i ty. The various mass memory
options avai lable on the HP 250 satisfy these requirements
very nicely.

For a minimum-cost system, an added requirement of the
mass memory  subsys tem is  low cos t .  A  f lex ib le  d isc
("f loppy disc") memory was especial ly designed for the HP
250 to meet this requirement. The f lexible disc drives are
relat ively inexpensive and small  enough so that up to three
drives can be mounted in the HP 250 mainframe. The media
(f lexible discsJ are inexpensive and durable, and can be
stored eff iciently in a typical off ice environment. To pro-
vide the capacity needed by the HP 250, however, i t  was
concluded that each drive should have a minimum capacity
of one megabyte of on-l ine data storage, two to four t imes
that of typical f lexible disc drives.

The f lexible disc memory subsystem of the HP 250 con-
sists of one to three drives, a control ler printed circuit  board
mounted in the HP 250 rol l-out card cage, and cables that
connect the control ler board to the drives in a mult idrop
configuration (see Fig. 1). The control ler communicates
with the HP 250 system CPU (central processing unit) via
the peripheral interface channel (PIC), as do the various

other external system peripherals.

The heart of the controller is the MCC or MC2 (micro-

CPU-chip), a 16-bit  control-optimized CMOS/si l icon-on-
sapphire microprocessor.a The peripheral interface chan-
nel is serviced by another CMOS/SOS integrated circuit, the
processor-to-HP-IB interface (PHI),s which communicates
with the MC2 processor via the processor bus (see Fig. 5).
Most of the functions of the controller are carried out by
the MC2, executing ROM-based code. However, because
of the relat ively high data rate, some of the high-speed
serial data functions, such as data serialization/deserializa-
t ion, write data encoding and precompensation, read
cloclddata separation and decoding, and CRC code genera-
tion and error detection were implemented in hardware
external to the processor.

The flexible disc drive has two read/write heads and is
capable of writing and reading on both sides of the flexible
disc. The heads are mounted in a taut-band l inear actuator
mechanism driven by a two-phase step motor that steps the
heads to any of the 77 tracks. When a flexible disc is inserted
in the drive and the door closed, a clamp mechanism
clamps the flexible disc to the drive spindle, which rotates
the disc within i ts protective jacket at a constant 360 r/min.
An ac motor drives the spindle by a step-down belt-pulley
arrangement. The drive also has detectors for sensing
whether the drive door is closed, whether a flexible disc is
write-protected, and whether the heads are at track 0, and
for sensing the index holes in single- and double-sided
discs. An electromagnetic solenoid is used for loading the

To Drives

Fig. 5. Flexible disc controller
uses two HP silicon-on-sapphire
chips, the MCC processor and the
PHI HP-lB inbrtace chip.
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Capacity
- Unformatted
- Formatted
- No. of Sides
- Tracks/Side
- Sectors/Track
- Bytes/Sector

Maximum Recording
Density

HP Format-
Double Density

1 600 Kilobytes
1 182 Kilobytes
2
77
30
256

6560 Flux
Reversals/lnch

3 m s
91  ms

1 5  m s
35 ms

IBM Format-
Single Density

400 Kilobytes
256 Kilobytes
1
77
a o

128

6560 Flux
Beversals/lnch

360 r/min

250 Kilobits/s
(31.25 Ki lobytes/s)

3 m s
91  ms

15  ms
35 ms

specifications.

Data Stream

1 1

Data (Media Magnetization)

Read Transitions

Bit cell

D
Rotational Speed 360 r/min

Maximum Data Rale 500 Kilobits/s
(62.5 Kilobytes/s)

Access Time
- Track
- Average (lncluding

Settl ing)
- Settl ing Time
- Head Load Time

(a)

Fig. 6. HP 250 flexible dtsc drive

heads onto the disc, and another is used to lock the drive
door to prevent removal of the disc when the heads are
loaded. The door lock on each drive can also be control led
by the host system, which can issue door lock or unlock
commands to a given drive via the control ler. Fig. 6 pre-
sents some HP 250 f lexible disc drive specif icat ions.

Attached to each drive is a drive electronics board that
contains the head step-motor drivers, solenoid and front-
panel indicator drivers, drive- and head-select decoders,
write and read ampli f ier circuits, and control ler bus inter-
face receivers and drivers.

Flexible Disc Capacity
One of the most dif f icult  chal lenges in the design of the

HP 250 f lexible disc subsystem was achieving the required
data storage capacity. To store more than one megabyte of
formatted data on a single standard f lexible disc required
first that both sides of the media be recorded. Second, since
present-day f lexible disc and head technologies l imit re-
cording densit ies to a practical l imit of about 8,000-9,000
flux changes per inch, an eff icient double-density code
yielding a data bit  density equal to the recording density
was necessary. Since an eff icient double-density code,
"modif ied modif ied frequency modulat ion" or MMFM, had
previously been used in the HP sBB5A Flexible Disc Mem-
ory, i t  was decided to use not only the same encoding
scheme, but also the same sector and data formats, so that
discs recorded on the 9BB5A would be readable in an HP
250 drive and vice versa. Using double-density recording
on al l  77 tracks of both sides of the disc, the total usable
f lexible disc data capacity is a respectable 1.18 megabytes.

In addit ion to the HP double-density recording format,
the HP 250 f lexible disc drives are capable of reading and
writ ing the industry-standard IBM single-density format
(single-sided only), which provides a usable data-capacity
of zs6 ki lobytes per disc. Software drivers are being de-

veloped so the IBM format can be provided on the HP 250 as
a means of transferr ing data to or from non-HP systems
equipped with f lexible disc memories capable of reading

and writ ing the more common IBM single-density format.
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Effective Fesultant Distribution

Fig.7, Flexible disc drives divide each bit cell into a clock
window and a data window. Lower curves show probability
distributions for the locations of bit transittons within these
windows. Errors occur rf anv transition falls outside its tntended
wtndow.

In the MMFM recording format, a data one is represented
by a transit ion of the polari ty of magnetization on the sur-
face of the disc while a zero is represented by the lack of a

f lux transit ion in any given bit  location (bit  cel l)  on the disc.
In MMFM, the read clock is synchronized with the detected
transit ions of the data stream being read. Since the data
stream might be completely or part ial ly devoid of ones and
therefore of data transit ions, i t  becomes necessary to insert

clock transit ions in data str ings containing two or more

adiacent zeros. To dif ferentiate between data transit ions

and clock transit ions during a read, each bit  cel l  is divided
in to  a  c lock  w indow and a  da ta  w indow (see F ig .  7a) .

A phase-locked osci l lator (PLO) is used to generate the
read clock signal, which is synchronized with the read data
stream. The PLO is designed to track slow variat ions in the
frequency of the incoming data stream, such as those that
might be caused by mechanical wow and f lutter, ac l ine
frequency and voltage f luctuations, or other low-frequency
phenomena, but to reject rapid variat ions such as those

PLO-Generated Clock Phases

-oC I t  C  +aC



HP 250 Input/Output System
by Dennis L. Peery

The inpuVoutput system for the HP 250 is divided into local or
primary system l/O and remote or secondary system liO.

The local l /O system is a subset of the HP-lB. '  l t  operates the
system discs and printers in the local system in speci l ic config-
urations and is not intended as a general HP-lB control ler. The
hardware consists of one printed circuit  card. The software
drivers are part of the system software and are loaded when the
system rs turned on.

Providing the power of a general-purpose computer in a
turnkey computer system such as the HP 250 presents special
problems to the designer of the l iO system. To keep the system
small and uncomplicated, the scheduling algori thms that man-
age the l/O traffic over the system bus have to be straightfor-
ward and concise. Also, the system has to be smart enough to
power-up and start running with a minimum of user assistance.

So an experienced operator wouldn't  be required, some other
means of describing the l /O configuration had to be invented to
accomplish the operator 's task. This was done by requir ing that
devices on the system bus be capable of tel i lng the system what
they are and where they are. This self- identi fy feature al lows the
system to pol l  devices on the system bus at power-up and thus
gather al l  the information i t  needs about the l /O configuration.
This feature lets the user add devices or change their bus
addresses without having to know any special commands to get
them to work.

The convenience o{ automatic configuratton of the l /O system
comes at a cost of some f lexibi l i ty, because al l  devices on the
system bus are required to have the identi fy feature. This f lexibi l-
i ty is regained on the HP 250 by providing for nonstandard
devices on the system bus. A nonstandard device is a device
not supported by a system driver, or a device without the identi fy
feature. These types can be supported by a special driver
configured as a DROM (discrete relocating option module, an
optional system software module).

After the system has powered-up, al l  standard devices have
been identi f ied, and al l  nonstandard devices have been l inked
with their DROM drivers, the l /O system traff ic control ler takes
over. l t  is the traff ic control ler 's job to schedule al l  requested
operations on the system bus.

To optimize use of the system bus, l iO operations are
scheduled according to bus avai labi l i ty. This means that l iO
operations that do not confl ict may be interleaved i f  the bus
becomes avai lable. For example, output to a printer may take
place between the seek and read operal ions on a disc.

The l /O traff ic control ler also takes responsibi l i ty for guaran-
teeing that a user's l /O operation on a device is completed
before al lowing another user to have access to the device.
Confl ict ing requests for the same device are handled by queue-
ing the requests on a f irst-come-f irst-served basis. For simplic-
i ty, there is only one queue, and al l  tasks on the HP 250 operate
at the same priori ty.

Remote UO System
There is a need in a small  business system to provide a means

lor remote l /O devices, such as mult iple work stat ions for data
input and data base inquiry, and printers for output. In addit ion,
a departmental computer often needs a communications l ink to
other computers for batch data transfers. The asynchronous
serial interface (ASl) and support ing terminal input/output
DROM (TlO) an optional hardware and software extension of
'The HP Interface Bus (HP-lB) is HP s implementation of IEEE Standard 488 and identical ANSI
s tandard  MC1.1 .

the HP 250 l /O capabil i ty, provides these remote l iO functions.

Asynchronous Serial Interface
The asynchronous serial interface (ASl) provides an intel l i -

gent interface that controls the flow of data between the HP 250
and any one of the following types of devices: Remote/250
Console (HP 2649D), terminal, printer, or HP 3000 Computer.
Besides handling the transfer of data, this interface monitors the
data l ink to make sure that the channel is operational.

The asynchronous serial interface provides five ports. Each
port is independently configurable. l t  can be set to run at any
one of ten speeds between 1 10 and 9600 bits/second, to handle
even, odd, or no parity, to process characters with one or two
stop bits, and to provide the necessary RS-232C control signals
to talk to remote devices connected either direct ly or through
ful l-duplex modems. To al low transmissions over long distances
(up to 1 km at 9600 bitsis) on direct connections, a 20-mA
current loop option compatible with the HP 26454 Terminal
comes with the standard ASI hardware,

An 8-bit  microprocessor, along with 2K bytes of f i rmware
resident in the RAM (random-access memory) on the ASI board,
acts as a traffic manager for the data to and from each port. How
the data is handled depends on the type of remote device the
port is configured to support.  A memory location for each port,
ini t ial ized by the main system before start ing the ASI micro-
processor, sets the inpuVoutput protocols that the f irmware
must fol low in handling the data. This byte contains information
such as immediate input or deferred input, terminal or compu-
ter, ENo AcK or no ENe AcK, and echo or no echo.

In connections to auto-answer modems, the ASI f irmware
continual ly monitors the condit ion of the data channel. As long
as the connection is made, data is al lowed to f low out to the
remote device. l f ,  however, either of the RS-232C control l ines
indicating that the connection is good goes off ,  the ASlf irmware
automatical ly disconnects the phone and noti f  ies the main sys-
tem that a disconnection has occurred. As soon as the connec-
t ion is reestabl ished, the ASI f irmware informs the system that
the connection is again usable.

The ASI hardware has two addit ional features that enhance i ts
performance and f lexibi l i ty. The f irst feature simpli f ies the trans-
fer of data between the ASI hardware and the main system. A
cycle-steal technique al lows the main processor to direct ly ac-
cess the RAM on the ASI board without informing the ASI mi-
croprocessor. This technique frees the ASI microprocessor to
monitor the ports continual ly for input even while data transfers
to and from the main system are taking place. This feature also
el iminates the need for a complicated handshake between pro-
cessors.

The second feature enhances the ASI's f lexibi l i ty. There is no
ROM (read-only memory) on the ASI board; the memory is al l
RAM (random-access memory), half  of which can be memory-
protected. Al l  the ASI f irmware, including self  test, is down-
loaded from the main system before the ASI microprocessor is
started. Once the ASI microprocessor is started, the RAM con-
taining the ASI f irmware is automatical ly protected by prevenf
jng writes to that portion of the memory. This feature makes it
possible to modify the ASI f irmware without costly ROM turn-
arounds and hardware retrofits.

Software Support for ASI
An optional extension to the HP 250 operating system, the TIO
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(terminal inpuUoutput) DROM, provides a convenient interface
between the BAS|C-language applications programs and the
asynchronous serial interface (ASl). Using the BASIC-language
extensions implemented by TlO, appl icat ions programs can
support most of the features of the HP 264X-Series Terminals. In
addit ion, programs maycommunicatewith the HP3000 Compu-
ter System through that system's asynchronous terminal control-
ler. An HP software product, a program called LK 3000, pro-
vides terminal emulation and f i le transfer ut i l i t ies that temporari ly
turn the HP 250 into a very smart log-on terminal.

Remote l/O operations may execute concurrently with other
remote l/O operations and with processing. This characteristic
al lows the creation of appl icat ions programs support ing mult i-
ple users of remote terminals. The remote l/O scheme appears
to the applications program as a mult i level priori ty interrupt
system. The interrupts, which are emulated by the operating
system software, may occur at the completion of processing of
each BAS|C-language statement in the applications program.
Thus, the applications programmer does not have to consider
the possibi l i ty of interrupts within a BASIC-language statement.

Consider, for example, the remote terminal keyboard input
operation. The complete operation consists of the fol lowing
steps (assuming an appropriate prompt has been sent to the
terminal display medium):
'1 .  Enable the remote terminal keyboard. In the ful l-duplex op-

erations supported by the ASl, this means that subsequent
keystrokes will be stored in the ASI input buffer and echoed
back to the terminal.

2. Wait (or perform other processing) while the user enters the
input data, The ASI performs the minor edit ing operations of
backspace and cancel l ine.

3. The user terminates the input operation by str iking the car-
r iage return key, The ASldisables the keyboard (subsequent
keystrokes are ignored) and notif ies the operating system by
means of a hardware interrupt.

4. The system notifies the applications program by means of an
emulated interrupt that the input l ine is avai lable.

5. The applications program accepts and processes the input.
TIO implements a single BASIC statement, oN rNPUr, that in-

itiates this process. The statement not only enables the remote
terminal 's keyboard (step 1 above), but specif ies the applica-

caused by noise or recording nonlinearit ies. Thus the PLO
acts as a f lywheel to smooth out the higher-frequency phase
variat ions and provide a relat ively stable synchronized read
clock signal. The PLO output consists of two phases, one
representing the clock window and the other representing
the data window, and these read-clock phases are used to
clock the data-separator circuit ,  which sorts the incoming
data stream into ones (transit ions occurring in the data
window) and zeros (either no transit ions or transit ions oc-
curr ing in the clock window).

Ideal ly, the incoming transit ions occur in the centers of
their respective windows. In real i ty, phase noise caused by

the imperfect head-disc interface, electr ical and magnetic
noise, and the nonlinearit ies of magnetic recording dis-
perses the transit ions from the window centers and causes
them to be distr ibuted according to Gaussian or normal
probabil i ty distr ibutions centered within the clock and data
windows, as shown in Fig. 7b.

There is a f ini te probabil i ty that data bits can be shif ted
enough to fal l  within an adjacent clock window, or that
clock bits can be shif ted into a data window. Either wil l
result  in data errors. The data error rate is verv nearlv
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tions program's interrupt routine (information used by the sys-
tem in step 4), The program may then continue processtng or
may execute a wArr statement, which suspends processing until
the next interrupt. Once the input is avai lable (step 5), the
program invokes the intrrnsic str ing function eReeo$, which re-
turns the contents of the ASI input buffer.

Remote device output is accomplished by the same BASIC
statements used for local device output, such as the PBINTER ls,
pRrnr, and pBrNr usrNc statements. Only the logical device iden-
t i f ier changes. Whereas local HP-lB printers are associated with
identiliers in the range zero through seven, remote device iden-
tif iers are in the range 1 1 through 20, An important characteristtc
of remote output, in fact, is that applications programs require
no changes other than specifying the correct identiiier when the
print output device is changed from a local printer to a remote
RS-232C orinter.

The TIO DROM also implements the oN ourPur statement to
al low scheduling of concurrent output operations to several
remote terminals or printers. The oN aneaK statement enables the
applications program to detect breaks in the data link, and the
oN coNNEcr and oN DrscoNNEcr statements allow detection of the
physical condit ion ol the l ink in the case of RS-232C direct
connections, and the processing of incoming data phone cal ls
through an auto-answer modem.

There is a ut i l i ty program, an extension of corrrc (see art icle,
page 14), for conf iguring the remote devices to be serviced and
supported f rom the HP 250 via ASl. Ports can be assigned to the
type of device (remote console, terminal, printer, or computer)
with associated memory requirements, protocol, and identifier
specif icat ions where approprlate. This assigned configuration
is updated to the system disc and is loaded with the operating
system software at power-on. lt needs modification only when
the topology of the system is to be changed

Acknowledgments
I would l ike to extend appreciat ion and recognize the fol low-

ing individuals for their contr ibutions to the design and im-
plementatron of the products described as well  as their contr ibu-
t ions to this art icle: Vince Griesmer for the local l /O system, and
Chris Fugitt ,  Dave Uhlr ich, and Tom Meyer for the remote l /O
sysrem.

equivalent to the sum of these probabil i t ies. Since i t  makes

l i t t le dif ference whether an error was caused by a dislocated

clock bit  or a dislocated data bit ,  we can envision a compo-

site window encompassing a single probabil i ty distr ibution
(Fig. 7c). The data error probabil i ty is equivalent to the area
under the probabil i ty distr ibution outside of this composite
window.

Some factors that cause transit ions to be dispersed from

the centers of their windows are predictable, so their effects

can be minimized. One such factor is bit  spreading, which

occurs when the opposite-polari ty magnetic f ields of adja-

cent transit ions in the media subtract from each other. I f  two

transit ions are closely spaced on the disc but are more

widely separated from other transit ions, then, as i l lustrated

in Fig. Ba, the f ields of the two transit ions subtract from

each other on the neighboring sides so the resultant f ield (as

detected by the head during read) has peaks that have a

s l igh t ly  w ider  separa t ion  than do  the  cor respond ing

magnetic transit ions in the media. Since this phenomenon

is a function of the bit  pattern writ ten and is predictable, we

can precompensate for this peak shif t  phenomenon by de-

tect ing those patterns that would result in bit  spreading



before writ ing, and arbitrari ly writ ing those adjacent transi-
t ions closer together (Fig. Bb). Then, when the pattern is
read from the disc, the detected peaks ofthe transit ion f ields
occur with the correct spacing. The HP 250 control ler effec-
t ively precompensates al l  bi t  patterns that would otherwise
result in signif icant bit-spreading effects when read.

One of the primary objectives in the design of the f lexible
disc subsystem was to achieve high data rel iabi l i ty, and a
large share of the design effort went toward optimizing
system parameters to achieve that goal. One data rel iabi l i ty
design goal was to achieve a soft (correctable) error rate of
less than one error per 10e bits read. To measure error rates
of this magnitude with acceptable resolut ion requires that
great amounts of data (>>1010 bits) be read from the f lexible
disc. Since this is extremely t ime-consuming, an acceler-
ated error rate test was devised. During a read, programma-
ble delay l ines art i f ic ial ly advance or delay the bits (transi-
t ions) going to the data separator with respect to the PLO-
generated clock and data windows. By this means the tran-
sit ion probabil i ty distr ibutions are shif ted from the window
centers by an amount equal to the programmed delay, and
the probabil i ty of errors (and hence the error rate) is much
higher. Thus, relat ive quanti tat ive error rate measurements
can be made in a matter of minutes rather than days, and the
relat ive effects of various system parameters uuon error
rates can be easi ly determined so those parameters can be
optimized for minimum error rates. This technique was
used extensively during the development of the f lexible
d isc  memory  fo r  the  HP 250.

Recorded Track

One ofthe features designed into the f lexible disc subsys-
tem to insure high data rel iabi l i ty is the read-verify capabil-
i ty. A special margin-detect circuit  in the data separator,
enabled whenever the read-verify function is act ivated by

the host system, detects whether any transit ions occur
w i th in  100 nanoseconds o f  any  w indow boundary .  Th is
indicates a margin-error condit ion and implies that the

data, although presently readable, may not be recoverable
should the error margin deteriorate further because of
media/drive interchange, environmental variat ions, or wear

of the f lexible disc media. This usually indicates that the
disc is approaching wearout, or has otherwise been dam-
aged or contaminated, and that replacement of the disc is
desirable.

Another feature is track-sparing, in which disc tracks
conta in ing  de fec ts  a re  de tec ted  and marked de fec t ive
("spared"), and are thus prevented from being used for data
storage. When a new disc is formatted, four worst-case data
patterns are writ ten and read-tested using the read-verify
function. Should a margin error occur on any track, then
that track is spared. I f  more than four tracks of a disc are
spared during formatt ing, the system wil l  reject the disc
and abort the forrnatt ing routine. This assures that only
good f lexible discs wil l  be accepted by the system, insuring

the highest possible data rel iabi l i ty.

Reliabi l i ty and Service
The HP 250 does not require a special air-condit ioned or

humid i ty -cont ro l led  env i ronment .  In  add i t ion ,  i t  i s  no t  a
must to have a special ly f i l tered power l ine or antistat ic
carpeting. The HP 250 wil l  operate in 10"C to 40"C tempera-
tures with 30% to B0% relat ive humidity. I t  has been tested
wi th  15 ,000-vo l t  s ta t i c  d ischarge pu lses  and is  des igned to
meet worldwide safety requirements.

Easy and rapid service was considered a must in the
design of the I-{P 250. Each t ime the unit is turned on, i t
sequences through a diagnostic self  test to ensure proper
operation of the important subassemblies in the computer.
An indication on the CRT tel ls what is presently being
tested. I f the test is successful ly passed, this is noted on the
CRT and test ing of the next subassembly is begun. The
processor in the f lexible disc control ler independently runs
a self  test of the f lexible disc subsystem at power turn-on,
and returns the result of this test to the main processor when
requested during the main system self test. I f  al l  tests are
completed, the operating system is loaded into read/write
memory from the system mass memory. This procedure is
completed in less t ime than i t  takes the CRT to warm up and
is normally invisible to the user.

I f  a subassembly does not pass the test, one of two things
can happen. One is that the program recognizes this fai lure
and returns the word "fai l"  to the CRT next to the subas-
sembly name. The program then halts and the display is
held on the screen. This then gives the customer or servlce
person rapid information to identi fy the defective subas-
sembly. In some cases the program may get lost and never
return from the test of a defective subassembly. This also
gives good information since the name of the subassembly
under test is on the screen.

The service person also has other self-test diagnostic
capabil i ty avai lable. By modifying a rotary switch sett ing
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on the CPU board, the service person can run a more exten-
sive memory test, keyboard test, or CRT test to further verify
performance.
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HP 250 BASIC: A Friendly, Interactive,
Powerful System Language
by Dennis L. Peery

HE HP 250 IS A BASIC-LANGUAGE machine. Sys-
tem commands and BASICJanguage statements are
syntaxed and executed on the same level. Most

statements may be executed either from the keyboard or
from a program.

The HP 250's execution of user programs is interpretive,
in the sense that the form of the program in read-write
memory-the internal form-is not direct ly executable
machine code, and the program can be l isted essential ly as
the user typed i t  in. However, the internal form of a user's
program is not at al l  similar to that of most interpreters,
which retain the character form of the user's program and
check operator precedences and variable names each t ime a
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statement is executed. Instead, the program is stored as
pointers to the proper execution code for each language
operation (such as LET, *, or READ), as pointers to a symbol
table for variables and constants, and as pointers to a
scratchpad location for temporary results. Execution t ime is
reduced drastically by operating on the internal form rather
than on the character form of a user's program.

HP 250 BASIC has the standard features of HP Business
BASIC: mult i-character variable names and l ine labels (up

to f i f teen characters), numeric and str ing arrays (up to six
d imens ions) ,  independent  subprograms and mul t i l i ne
functions, and formatted output via the PRINT USING state-
ments. These features have alreadv been discussed in these



pages in the art icle on the HP System a5 (Apri l  1978).1 This

art icle wil l  discuss some of the special features of the HP

250.

CRT/Keyboard
The HP 250 CRT is entirely interactive. Data or program

lines from any l ine on the screen may be entered into the
system. When the ENTER key is pressed, the entire current
l ine (the l ine in which the cursor resides) is passed into the
system.

The CRT logical length is dynamic. As much memory
space is al located for use by the CRT as is currently avai la-
ble. In a 64K-byte user memory system, for example, there
might be more than 1000 l ines (20 characters per l ine)
avai lable for CRT display. A minimum size of 1000 bytes is
reserved for use by the CRT dynamic buffer.

Four video enhancements are easi ly accessible from the
keyboard: inverse video, half  bright, bl inking, and under-
l ine. Using the CONTROL key and one of four special func-
t ion keys, enhancements can be independently toggled on
or off at any t ime.

Video enhancements can be included in str inqs without
special escape sequences. The statement

1000 PRINT "q!de44ed_qq4c "

can be l isted, modif ied, and stored exactly as i t  appears,
Enhancements are automatical ly converted to the proper

escape sequences for printers and terminals.

The HP 250 has  27  spec ia l  charac ters  tha t  cor respond to
al l  of the display control keys on the keyboard. These keys
may be accessed in a display functions mode that al lows the
keys to be displayed and not executed. Like video en-
hancements, the special display control characters can be
stored in str ings l ike ordinary characters. A common state-
ment  i s :

1000 DISP ,, 'F, 
t  

" ,

This statement clears the CRT and leaves the cursor in the
upper left  hand corner

In te rna l l y , the  250 uses  an  e igh t -b i t  cod ing  scheme fo r the
charac ter  se t .  However ,  e igh t  b i ts  a re  no t  enough to  suppor t
the display control characters, l ine drawing characters, and
European characters along with the normal ASCII character
set. Therefore, some str ings contain characters indicating a
switch to a dif ferent character set. These extra control
charac ters  a re  t roub lesome fo r  European app l ica t ions .
Therefore, a European character set can be configured as the
default alternate character set in the operating system so
that European text has no extra control characters.

User-Definable Keys
Along the bottom of the CRT are eight unlabled keys

cal led soft keys. These eight keys, along with eight more
unlabeled keys in the top left  section of the keyboard, are
the HP 250 special function, or user-definable (UDF) keys.
There are separate definit ions in shif t  and unshift  modes for
the eight keys on the keyboard, so altogether there are 24
UDF keys. The UDF keys can be used for ON KEY program
branch ing  or  as  typ ing  a ids .

When the soft keys are defined (UDF keys 1-B), labels
appear on the CRT immediately above the defined keys.

Fig. 1. Eight keys under the HP 250 CRT display can be
defined differently in different applications programs to allow
the opetator to se/ect vanous functions. The f unctions appeal
on the CRT above the keys. Also shown here ts an example of a
form in whrch data entry and display are programmed using
s tandatd  tNput ,  LNt IR,  and D,s"  s ta lemen/s .

When soft key definit ion labels exist,  the bottom three I ines
of the CRT are reserved for these labels, reducing the effec-
t i ve  length  o f  the  d isp lay  screen to  21  l ines .

ON KEY
One of the must prominent features of HP 250 BASIC is

the implementation of the oN KEY statement. Like the HP

System 45,  the  HP 250 can in i t ia te  p rogram branches
(GOTO, GOSUB, CALL) via the UDF keys. An HP 250 exten-
sion to the ON KEY statement is programmatic label ing of
the soft keys. Since the keys are dynamical ly defined, they
can be used to guide a user through a set of soft key menus to
select the desired program operation. An example of a pro-
gram to use the soft keys is shown below and the result ing
display is shown at the bottom of the CRT in Fig. 1.

100 ON KEY#1: "EDIT STOCKROOM" GOTO Edirstockroom
110 ON KEY#2: "EDIT ACCOUNT'G" GOTO Edilaccountg

170 ON KEY#8:  "ENGRG MENU" GOTO End

When l ine 100 is executed, i t  defines the label of soft key t
and i ts program branch action. Similarly, l ines 110 through

1 70 define keys 2 through e. In this case, i f  the user presses

key 1, the current input state is terminated and the routine
EdiLstockroom is invoked.

Typing Aids
UDF keys can also be used as typing aids to reduce a

complex series of up to 160 keystrokes to one key. A set of

typing aid definit ions can be stored and loaded from mass

storage as a f i le, so that keys do not have to be continual ly
redefined. Typing aid definit ions may be l isted on the CRT
or a printer.

A useful UDF key feature is the abi l i ty to store action

keystroke sequences and delay their execution unti l  the
UDF key is pressed. Action keys include the ENTER and
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EXECUTE keys, the cursor control keys, and others. With a
combination of action keys and alphanumeric characters,
UDF key definitions can resemble small programs written
in the language of keystrokes.

A simple example of delayed execution of action keys is a
key that clears the CRT and lists the current program. The
key definit ion' is:

It1 tLrsT :{

The action keys SHIFT HOME (qr.) and SHrpT CLEAR ({) are
stored before the character LIST. This causes the entire CRT
display to be cleared and the sequence of characters LIST to
appear on the first line of the CRT. The action key EXECUTE
([) causes the current l ine to be executed. Thus, the screen
can be cleared and the program l isted simply by pushing
one key.

Mass Memory
The HP 250 supports a variety of devices and f i le types.

Three types of files can be created directly by the user.
These are program files (PROG), data files (DATA), and key
files (KEYS). Binary program files (BPRG) can also be created
(by combining exist ing BPRG fi les), but the user cannot
write binary programs. Fi le types used by the IMAGE/250
data base manager are backup f i les (BKUp), root f i les
(ROOT), and data set files (DSET). Form files (FORM) can be
created and purged only by running special ut i l i ty pro-
grams. DROM and SYST files are reserved for system use and
cannot be created by the user. DROM files are special system
files that contain DROMs, or discrete relocating option
modules. These consist of optional system software such as
the IMAGE/250 statements. DROM files are accessed on.ly
when the system is loaded. Files created by a system other
than the HP 250 are catalogued as OTHR and are not directly
usable without special system software.

The only type of file that can be used for general-purpose
storage by the user is the DATA file. This general-purpose
fi le can have a logical record size that is independent of the
physical record size, and can be read or written serially or
directly. The user can address the file word by word, if
necessary. DATA f i les can contain any combination of
numeric and string data. The system stores programs in text
format as strings in a DATA file.

Files may be protected to allow restricted access to DATA
fi les and prevent accidental purging. PROG fi les may be also
be RUN-ONLY. A RUN-ONLY program is simply a PROG file
stored with a special protect code. The special RUN-ONLY
protect code, which cannot be generated by the user di-
rect ly, means that RUN-ONLY program f i les cannot be
purged or copied without running a special ut i l i ty program.
A RUN-ONLY program also has special characteristics when
it is run by the user (see "System Uti l i t ies" below).

Printed Output
The HP 250 printer select statements PRINTER IS, SYSTEM

PRINTER IS, and PRINT ALL IS are used to direct all non-
mass-storage output. The select code values accepted by the
printer select statements are 0 to 20. Optional ly, each
printer select statement can specify a print f i le instead of a
print-only device.

The main operating system supports printers connected
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on select codes 0-7. Select code B is the CRT and select code
I is a "bit  bucket" or nul l  device (output is ignored by the
system). Output can be sent to a mass memory file instead of
a printer if the user specifies a file name instead of a select
code. Using the COPY statement, hard copy of stored output
is easily obtained.

The PRINTER IS statement applies only to output from the
PRINT and PRINI'USING statements. The SYSTEM PRINTER IS
statement applies to system output such as that generated
by CATALOG, TRACE, program stepping, and LIST. The
PRINT ALL IS statement applies to all CRT interaction. The
PRINT ALL printer wi l l  produce a hard copy of al l  input and
output that takes place on the CRT. The PRINT ALL IS state-
ment can be used to produce an audit trai l .

The ease of use of video enhancements and alternate
character sets forces the system software to deal with send-
ing many types of control characters to printers. Nonstan-
dard printer enhancements are masked off ( inverse video,
bl inking, etc.) .  The underl ine enhancement is treated
differently depending on the type ofprinter. For all system
supported printers, underl ining is automatical ly done by
system software. Alternate characters sets are also treated
differently depending on the type of printer. If the printer is
not standard and a DROM driver is not included with the
system to support it, all characters from alternate sets are
replaced with blanks.

Program DevelopmenUDebugging
The HP 250 has several features that aid in program

deve lopment  and debugg ing .
The TRACE features, accessed via the TRACE, TRACE VAR-

IABLES, TRACE PAUSE, and TRACN ALL statements, are iden-
t ical to those on the HP System 45.1 Messages given by the
TRACE features are directed to the device designated as the
system printer. This printer may be the CRT, a disc f i le, or a

l:ll*, 
and is specified by the SYSTEM PRINTER IS state-

Single-step capabil i ty is also bui l t  into the HP 250. The
HALT key doubles as the STEP key when a program is halted.
Each time the HALT/STEP key is pressed, one program line is
executed and the next program l ine is output to the system
printer.

Routing the TRACE and single-step output to the system
printer al lows the programmer to debug programs without
disturbing either the CRT, which may contain a form, or the
standard printer, which may be print ing a report.

The interpretive, on-l ine programming environment of
the HP 250 helps make program development a pleasure.
Changes may be made to the program in memory in the
middle of execution, and the program can be continued
from where i t  was suspended.

When the system detects an error (and no ON ERROR
condit ion was specif ied), i t  suspends the program at the
current l ine. The programmer has the option of making a
correction to the program and continuing the program at
the l ine that caused the error, start ing the program over at
the beginning, or just ignoring the error and continuing
execution of the program. Program malfunctions may also
be detected and corrected in this way.

To correct the program errol,  a programmer might take
advantage of the fol lowing features:



1. The HALT key may be pressed to suspend execution ofthe
program.

2. Program lines are directly accessible through the LIST or

FETCH commands, and can be displayed on the CRT for

examination.
3. Changes may be made in a program line displayed on the

CRT, and the line may be reentered into the program by
pressing the ENTER key.

4. The programmer may branch back to the statement that
caused the problem or to some previous statement and

reexecute that part of the program by single-stepping

through the questionable lines.
s. If the changes correct the problem, the program can be

RE-STOREd immediately, RE-STOREing the program can

be done without affecting the state of the program in

memory.
After taking any or none of the above actions, the pro-

grammer can continue from any location until another
problem is found.

System Utilities
The HP 250 operating system is supported and enhanced

with BASlC-language uti l i t ies supplied by HP. These

utilities are RUN-ONLY programs and may also include bi-

nary programs. A RUN-ONLY program cannot be listed or
modif ied in any way by the user. One of the ut i l i t ies,

ROUTIL, allows the user to produce RUN-ONLY programs

from ordinary programs. The procedure is not reversible.

Thus, software can be totally protected from tampering by

making it RUN-ONLY.
Some important utilities provided by HP are CONFIG

(system configuration), DUPL (disc dupl icat ion) ,  INIT (disc
init ial izat ion), EDITOR (a SCHEN{A text editor),  and two

FORMS uti l i t ies: CFORM and MFORM. These uti l i t ies and

many others are essential parts of the HP250 software sys-
tem.

System Loader
The HP 250 operating system is loaded into memory from

a SYSTEM file every time power is turned on. A ROM-based
routine loads the system from a flexible disc. Once the
system is loaded, the system disc is no longer needed, since

the operating system is completely memory-resident.
Before loading the system, the loader determines whether

enough memory is available for the system and the user.
There must be one full o+K-byte block and at least two
32K-byte upper half-blocks of memory present. Based on

the results of the self-test memory check, the loader decides
which blocks of memory wil l  be used for the system. In
many cases, dynamic loading al lows the system to be
loaded and run despite memory fai lures. I f  the system can-
not be loaded because of a lack of memory, the loader can
load a diagnostic program that requires only 32K bytes of
memory.

A directory search of available flexible discs locates the
system f i le. The directory search al lows this f i le to reside in
mass memory as an ordinary f i le. Thus, dedicated tracks are
not required for the system file and the mass memory
medium containing the system f i le may reside in any mass
memory drive.

After loading, the loader passes pert inent information
(such as avai lable user memory, software block numbers,

and the mass memory device containing the system file) to
the operating system and transfers control to the operating
system. The time for the system load is about ten seconds
from a flexible disc.

System Power-Up and Configuration Utility
After the system self-test and loading procedure has been

completed, the system power-up procedure is initiated. At
this point, the power-up code is present in memory along
with most of the resident operating system. After the
power-up code is executed, it is overwritten by a final
section of the resident operating system that is not needed
during the power-up procedure.

The power-up procedure involves the following:
1. Checking the current system configuration against the

configuration specified in the system file.
2. Init ial izing system and user memory areas.
3. Identi fying and init ial izing I/O devices.
4. Loading the configured DROMs and keyboard tables into

system memory.
A uti l i ty program cal led CONFIG al lows the user to

specify a number of system attributes. This utility provides
a means of DROM and foreign language selection, user
memory allocation, I/O device configuration, and auto-start
command se lec t ion .

Attr ibutes of devices connected to the HP 250 via the
asynchronous data communications ports are also specified
through this program. Any communications via these ports
will assume the device attributes given by the configuration
tables at power-up time.

During power-up, the information specified via CONFIG
is resident in memory along with the power-up code. This
information is checked against the actual attributes of the
system and any discrepancies are reported on the main
console CRT at the end of the power-up sequence.

After the system configuration is checked and the system
and user memory areas are initialized, the optional system
software modules (DROMs) are loaded into system mem-
ory. The user may specify via the CONFIG program which
DROMs are to be loaded. Examples of DROMs available
with the HP 250 are IMAGE. SORT. and FORMS. DROMs
are individual ly loaded to al low the HP 250 to be cus-
tomized for a part icular appl icat ion.

Unlike the resident language system, which must be
loaded into fixed addresses, DROMs are relocatable mod-
ules and may reside start ing at any address. Each DROM,
however, must reside in one contiguous block of memory.
DROMs are stored in individual disc files (of type DROM) on
the same medium as the system f i le.

Also loaded during power-up are the keyboard tables.
These may be standard U.S. ASCII, the l ine-drawing set, or
any of the foreign keyboards avai lable with the HP 250. Al l
avai lable keyboard tables are part of the system f i le so that
one operating system contains all ofthe information needed
to support any foreign language.

After the entire power-up procedure is completed, the
power-up code and its accompanying data areas are over-
written with the final section of the resident language sys-
tem and the system is brought to l i fe.

A feature added especial ly for business applications is
the auto-start capabil i ty. At the conclusion of power-up,
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any single command, specif ied via the CONFIG program,

may be executed. Typical ly, this command wil l  be a RUN
command that will start an applications program. This

capabil i ty means that al l  the user must do to bring up the
system and start the applications package is turn the key on
the HP 250. Everything else is automatic.

FORMS/250
FORMS/250 is a data entry and display package designed

to simpli fy appl icat ions programs that require data entry
and display, provide a convenient and fool-proof interface
to the user, and provide a degree of independence of the
CRT format from the applications programs. The form
package consists of a FORM DROM, which contains operat-
ing system and language extensions, and two BASIC uti l i ty
programs for the creation and modif icat ion of forms.

A form is just a CRT image combined with some informa-
t ion that gives the form special propert ies. The CRT image
consists of any number of protected l ines containing text
input f ields, or output f ields. The input and output f ields
are the only areas in the protected l ines that are accessible to
the user or program. The dist inct ion between input and
output f ields is made to al low forms to be used conveniently
for data display as well  as data entry.

The auxi l iary information consists of three order tables,
one each to define the input order, output order, and tab key
order. Since the f ields are referenced by f ield number in an
applications program, these tables isolate the program from
the physical location of the f ields on the display, and from
the order in which the user accesses them via the TAB key.

The form can exist on the disc as a special FORM-type f i le,
accessible only through the FORM DROM or the ut i l i ty
programs. The CRT image that makes up half of the form f i le
is l i teral ly that-a direct copy of a section of the HP 250
display buffer. The advantage of storing the form in internal
CRT format is that it is fast. The file is placed into the CRT
display buffer by direct memory access, el iminating word-
by-word processing when the form is fetched from the disc.

The GET FORM statement, which exists in the FORM
DROM, is used by a BASIC program to activate and display
a form on the CRT. Before the form image is loaded into the
display buffer, the f ield ordering tables are placed in a
dynamic buffer in user memory. Any access to fields on the
form is routed through a form handler routine. This routine
exists in the FORM DROM, and becomes the manager of the
ordering tables.

The usual approach to adding features to BASIC for input
and output is to add new statements with new keywords.
While FORMS/ZSO has a few new keywords for the activa-
tion and termination of forms, data entry from a form and
display to a form is done with the standard INPUT, ENTER,
and DISP statements. The attempt was made to make input
and output via f ields on a form a logical and consistent
extension of standard input and output via normal CRT
lines. For example, as shown in Fig. 1, the statements

1OO GET FORM "FORM2"
200 DISP A$,8$,. .  .
300 LDISP "Edit the data as desired."
400 Input: INPUT
500 IF TFNUM <>8 THEN Input
600 ENTER A$,8$,. .  .
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display the form on the screen, fill the form with data to be
edited, tel l  the user what to do, al low the user to edit  any
data in the form, and finally, enter data into the program
variables.

The CFORM and MFORM programs are special RUN-
ONLY BASIC utility programs for creating and modifying
form files. They both contain convenient facilities for edit-
ing text, input and output f ields, video enhancements, and
field ordering. MFORM is actual ly a subset of CFORM,
allowing only modifications that will not disturb the opera-
t ion of the form with exist ing programs that may use i t .  For
example, text can change, f ields can be moved, the tab key
order can be changed, and so on, but f ields cannot be added,
deleted, or changed in size, since this would affect how the
form operates with a program. This dist inct ion gives the
programmer complete control over form development with
CFORM, while also giving the less sophist icated user a
no-risk way to change the cosmetics of the forms with
MFORM.

REPORT WRITER/2so
One of the major areas of concern while developing the

HP 250 operating system was the problem of producing
reports. Since the HP 250 was designed to be a business
computer, i t  was estimated that well  over half  the applica-
t ion programs to be writ ten would produce some kind of a
report.

To address this problem it  was decided to provide a
unif ied set of BASIC-language commands in a DROM for-
mat known as REPORT WRITER/250. REPORT WRITER/
250 is designed to al leviate many of the programming bur-
dens of report production by providing special faci l i t ies for
page and l ine counting, break recognit ion and branching,
fo rm page s ize  de terminat ion ,  repor t  fo rmat t ing ,  and
printer independence. Among its capabil i t ies are the fol-
low ing :
Break recognit ion. A relat ively sophist icated BREAK WHEN
statement was developed to handle the problem of break
recognit ion. A TRIGGER BREAK statement is also provided to
handle cases where the break condit ion is too complex to be
described in the BREAK WHEN statement.
Hierarchical structure. Since most reports have a series of
subtotals, a feature cal led " levels" is provided so that a
programmer can describe the hierarchy of the breaks and
subtotals involved in the report.
Self-triggered blocks of codes. Along with breaks and
hierarchy came the necessity to al low the programmer to
insert as many l ines of BASIC program code as needed
w h e n  r e p o r t  c o n d i t i o n s  a r e  t r i g g e r e d .  T h i s  o u t p u t -
producing code is tr iggered automatical ly by REPORT
WRITER/250 once i t  recognizes the break.
Line and page counting and printer independence. RE-
PORT WRITER/2S0 provides comprehensive l ine and page
count ing  capab i l i t ies .  A l l  the  programmer  need do  is
document the page size and REPORT WRITER/250 does al l
the l ine and page counting. Thus reports are independent of
the vert ical page size. These counting routines are printer
independent: any REPORT WRITER/250 program wil l  op-
erate with any acceptable HP printer.
Other features. REPORT WRITER/250 automaticallv Dro-



vides the programmer with several other features, such as
restart,  summary report ing capabil i t ies, exception report-
ing  capab i l i t ies ,  au tomat ic  to ta l ing  and averag ing ,  and
moveable left  margin.
Consistent, self-documenting code. REPORT WRITER/250
provides a secondary although signif icant benefi t  in that
the programmer must define the report in a straightforward,
c o n s i s t e n t  m a n n e r .  T h i s  m a k e s  a l l  r e p o r t s  s e l f -
document ing  and eas ie r  to  ma in ta in .
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Table 1. IMAGE Feature Comparison

IMAGE/250 IMAGE/3OOO

Z J J  Z J J

50  s9

1 5  1 6
1 5  1 6
1 2 7  1 2 7

1018  by tes  4094  by tes

1022 bytes 4094 bytes

B  1 6
6 5 5 3 4  6 5 5 3 5

65334  B .3M by tes

3 1  6 3

set  set  and i tem

yes yes

no yes

entry entry or  i tem

yes no

3 8
4 B

yes yes

no yes

no yes

no yes

yes yes
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Low-Cost Data Base Management
by Michae l  V .  Het r i ck

, ' f l f  I U L Y  1 e 7 4  H E W L E T T - P A C K A R D  I O U R N A I .  a r l i c l e

f_.! enti t led "Powerful i lata Base Management Systems
i--- ",  for Small  Computers" introduced IMAGE, a sophis-

t icated data management system for the HP 3000 Com-
puter . l  The same t i t le  cou ld  be  used here ,  except  tha t  the
much smaller computer now offering a version of IMAGE
is  HP 's  smal l -bus iness  computer ,  the  HP 250.

IMAGE/250 is  a  co l lec t ion  o f  u t i l i t y  p rograms and BASIC
programming statements that may be used to define, man-
ipulate, and maintain a data base. In many ways, IMAGE/
250 is  iden t ica l  to  IMAGE/3000,  a l though cer ta in  spec i f i ca-
t ions  were  reduced and some opera t iona l  modes were
e l im ina ted  (see Tab le  1 ) .  IMAGE/250 is  no t  s t r i c t l y  a  subset
o f  IMAGE on HP's  la rger  computers .  However ,  a  des ign  goa l
was to offer a common method of data base management so
that the IMAGE/250 techniques apply to other computers
offering IMAGE.

This art icle brief ly compares IMAGE/250 and IMAGE/
3000,  and then concent ra tes  on  the  enhancements  added to

IMAGE/250 to improve i ts performance on a f lexible-disc-

based computer.

IMAG E/250-l MAG E/3000 Comparison
Data  base opera t ions  are  organ ized in to  th ree  maior

ca tegor ies :  de f in i t ion ,  man ipu la t ion ,  and main tenance.  The
methods used to perform these operations on the HP 250 are
s imi la r  to  those on  the  HP 3000,  as  ind ica ted  in  Tab le  2 .  The
computers '  da ta  base de f in i t ion  languages,  in  wh ich  in te r -

Data i tems per data base

Data sets per data base

Characters per i tem name
Characters per set  name
Data items per data set

Maximum data entry s ize (master)

Maximum data entry s ize (detai l )

Detail data sets per master data set

Entr ies per chain
Entr ies per data set

Secur i ty  passwords

Secur i ty  level

Compound data i tems

Sorted chains
Data transfer

Mul t i -volume data base

DBOPEN modes
DBGET modes
DBLOCK:

Data base
Record

DBERROR
DBEXPLA]N

Data base restructur ing
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DBOPEN
DBCLOSE
DBLOCK
DBUNLOCK
DBINFO
DBPUT
DBDELETE
DBUPDATE
DBGET
DBFIND

DBASE IS*
IN DATA SET-
WORKFILE IS"
F']ND*
SORT BY*

*No HP 3000 equivalent

relat ionships between data sets are establ ished, are practi-
cal ly identical.  The data base structure, already famil iar to
IMAGE/3000 users, is a network organization in which in-
dexes, known as master data sets, al low rapid access to data
stored in detai l  data sets.

Table 2. IMAGE/250 Data Base Management
Commands and Utilities

DATA BASE MANIPULATION: DATA BASE DEFINITION:

objective.
In achieving the f irst objective, concessions were made

by reducing data entry sizes, data set capacit ies, and other
specif icat ions. The number of ways to open and access a
data base was also reduced. Three of the eight DBOPEN
modes were implemented; this is suff icient to al low exclu-
sive or shared data base access. In implementing four of the
eight nncnf modes, the essential access methods (serial,
direct, chained, and calculated) are supported.

The abi l i ty to create sorted chains while adding records
was dropped. This is a disc-intensive activi ty that seriously
degrades throughput, especial ly on the low-speed f lexible
discs. Instead, innovative search and sort routines that
function eff iciently in the HP 250 memory configuration
were devised (see "Data Base Sort ing" below).

Two addit ional simpli f icat ions were to provide password
protection only at the data set level,  not the data i tem level,
and to transfer data to and from the data base only in the ful l
record mode. Data set password protection, in which a user
with read or write access to a data set has read or write
access to al l  information in the set, is not as versati le as
IMAGE/3000's i tem security scheme. However, in the HP
250 operating environment, where relat ively few users are
involved, security on the set level is adequate.

Support ing only the ful l  record mode of adding, updat-
ing, and retr ieving entr ies simpli f ied the implementation of
t h e  c o r r e s p o n d i n g  m a n i p u l a t i o n  s t a t e m e n t s :  D B P U T ,
DBUPDATE, and DBGET. In these statements, information is
transferred to and from the data base via a single str ing
variable known as the buffer. The buffer contains data
exactly as i t  is stored in the data base. I t  may contain any
combination of alphanumeric characters and HP internal ly
formatted numeric types ( integer, short precision, or real
precision). For example, to add a data set entry consist ing of
a ten-character name, an integer employee number, and a
real precision salary, the fol lowing buffer contents are re-
quired for DBPUT:

A n
d e
r s name (padded with blanks)
o n

2  5038
256

5 2 0 0
0 0 0 0
0 0 0 0

integer number (2 bytes)
8-byte representat ion of  $52,000 salary:
2 bytes of  s ign and exponent and 6 bytes of
binary-coded decimal  d ig i ts  [2 d ig i ts  per
byte)

Retrieving an entry from this set through DBGET results in
a similarly formatted buffer, that is, the f irst ten bytes repre-
sent a name, the next two bytes an integer, and the last eight
bytes a real precision number in an internal BCD (binary
coded decimal) format. I t  is the program's responsibi l i ty to
make sense out of the buffer contents by convert ing appro-
pr ia te  subs t r ings  to  va lues  in  p roper ly  d imens ioned
numeric or str ing variables.

Since this is a cumbersome task using conventional
BASIC s t r ing  man ipu la t ion  commands,  a  new BASIC
statement, IN DATA SET, was invented. This statement de-
f ines a relat ionship between the f ields of a data set entry and
the local program variables. I f  an IN DATA SET statement is

EDITOR
SCHEMA

DATA BASE MAINTENANCE:

DBCREATE
DBERASE
DBPURGE
DBSTORE
DBRESTORE
DBLOAD
DBUNLOAD

DATA BASE INQUIRY:

QLJERY

IMAGE/250's data base manipulat ion statements those
used to add, delete, modify, and retr ieve data entr ies-are
s imi la r  to  the  IMAGE/3000 in t r ins ics .  On the  HP 3000.  the
manipulat ion language is a set of procedures that are cal l-
able from several host languages. On the HP 250, i t  is a set of
BASIC statements. Therefore, the CALL prefix was dropped

::"#jn. 
statement syntax, but the parameters remain the

IMAGE/250 and IMAGE/3000 maintenance operations
are functional ly similar, although most IMAGE/250 opera-
t ions are performed through BASIC statements. The BASIC
languagb capabil i ty has many practical uses on a small
business computer. For example, data base backup opera-
t ions involving the DBSTORE and ogRnstORE statements
can be bui l t  into a BASIC program. The program can direct
the operator to insert and remove mass storage volumes,
prompt for information, and general ly lead the user through
the  en t i re  p rocedure .  Programs such as  th is  p rov ide  a
fr iendly and interactive environment for completing com.
plex tasks. Creating, purging, and erasing data bases may
also be done under program control.

IMAGE/250 Design Objectives
The IMAGE/250 design phi losophy was inf luenced by

the HP 250 architecture and the hardware design goals.
This resulted in two major design objectives:
1. Implement a simpli f ied version of IMAGE/3000 with as

many essential features as possible while providing en-
hancements for optimal performance in a business data
processing environment.

2. Extend the al lowable data base size beyond the on-l ine
mass memory storage capacity. Since the standard mass
memory configuration of two f lexible discs offers a total
storage capacity of 2.qM bytes, this was an important
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active for a particular set, the data set values retrieved via

DBGET are automatically transferred to the program vari-

ables declared in the IN DATA SET statement. Conversely,
program variable values are automatically transferred to the
data set record during DBPUT and DBUPDATE. The program

below illustrates how IN DATA SET facilitates data transfer
during DBGET:

ro  D im Name$[ ro ] ,  nu f fe r$ [zo ]
20 INTEGER Number
30 REAL Salary

:
(open data base)

:
100 IN DATA SET "PAYROLL" USE Name$, Number, Salary
1010 DBGET fBase$, "PAYROLL",4,51*),"@",Buffer$,500)
1020 PRINT Name$,Number,Salary

After line 1010 is executed, Bufferg contains the internal
image of the PAYROLL data set's 500th entry. At the same
time, the variables referenced in line 100 by IN DATA SET are
automatically updated with the appropriate Buffer$ sub-
str ings. Thus, when l ine 1020 is executed, the variables
Nameg, Number, and Salary already contain the field values
for the 500th record-in this case, Anderson, 25038, and
52000, respectively. Through IN DATA SET, the burden of
buffer unpacking (and packing) is removed from the pro-
gram and control led by IMAGE.

Extending Data Base Size
The second design objective was to extend the data base

size beyond the on-l ine mass memory capacity. This was

accomplished with these restr ict ions:
1. Individual data sets must reside completely on a single

volume; mult iple-volume data sets are prohibited. Al-
though the maximum al lowed data set size is over 16M
bytes, the actual size is l imited by the largest avai lable
space on the mass storage medium.

2. Up to 23 volumes may be al located for the data sets. Any
combination of f lexible discs and HP 7906 and HP 7910
hard discs are acceptable. However, no more than ten
data set volumes may be on-line at one time (per data
base) .

3. For a given data base operation, the ROOT file-the file
containing all the data base structural information-and
all  required data sets must be on-l ine simultaneously.
For example, to add detai l  data set entr ies, the mass
storage volumes containing the detai l  data set and al l
related master data sets (as well as the ROOT file) must be
on-l ine. This is an important consideration in the design
of a mult i-volume data base.

Data sets are assigned to volumes when the data base
structure is defined through the data base definit ion lan-
guage. As the schema processor compiles the data base
definit ion, the volume names become a permanent part of
the ROOT file.

When a data base is accessed through a program, only the
ROOT f i le location (volume) must be specif ied. Data set
volume names are not required, since IMAGE rel ies on the
ROOT f i le for this information. A 20-byte volume table
created when a data base is opened maintains a l ist of al l  the
resident volumes in a concise two-byte format. This l ist is

updated automatically as media are removed or inserted.

Before an operation on a data set can be executed, IMAGE

first determines which volumes are required and then

examines the volume table for their presence. The operation
proceeds only if all necessary volumes are on-line.

Midprogram volume replacements are acceptable, but

require special attention. To minimize disc activi ty, infor-

mation is transferred from an internal private buffer to the

appropriate data set on a "need to" basis. Although a data

base modif icat ion may be complete from a program's

standpoint ( i .e.,  the DBPUT, DBUPDATE, or DBDELETE state-

ment has been executed) it is not completed internally until
the private buffer is actually copied to the disc. Numerous

events tr igger this act ion. One is the need to transfer other

information into the buffer for an ensuing data base opera-

t ion; another is terminating data base access through the

DBCLOSE statement. A special DBCLOSE mode (mode 4) also

dumps the private buffer, i f  necessary, without terminating

data base access. A mode-4 DBCLOSE should be executed

before midprogram volume exchanges to ensure that the

latest data base modif icat ions are copied. Fai lure to do so

may result in a corrupt data base.
Mult ivolume data bases pose potential integri ty prob-

lems if a particular maintenance operation is not performed

on al l  required volumes. The maintenance procedures are

designed to function on a volume-by-volume (or set-by-set)

basis. Anomalous results are avoided i f  al l  pert inent vol-

umes are accessed while creating, purging, erasing, storing,

or restoring a data base.

Data Base Sorting
A frequently performed operation in the business data

processing environment is sort ing. HP business BASIC
does not support any direct construct for sort ing of data, so a

special DROM was developed to provide this faci l i ty on the
HP 250.

The sort is designed specif ical ly to process information
in an IMAGE/250 data base. I t  is important that sorts can be
performed not only on the entr ies in a single data set, but

also on a subset of those entr ies. I t  is also important that the
sort be able to extract information that might be scattered
across many data sets.

SORT/250 operations supply information that al lows the
programmer to access the desired port ions of the data base
in sorted order. This information is in the form of pointers to
the appropriate data base entr ies.

Subsets of the data set information are selected by the
FIND statement. This statenient has the syntactical form:

FIND (numeric expression),

where the numeric expression specif ies the condit ion each
record must meet to be retained for subsequent processing.

This expression may contain any operator or function al-
Iowed in standard HP BASIC. Thus, substr ing comparisons,
str ing searches, and even user-defined mult i l ine functions
may be used to select the appropriate set of records.

When a FIND statement is executed, pointers correspond-
ing to the selected records are put into a special f i le cal led
the workf i le. This f i le resembles a regular I IP BASIC data
fi le. The pointer values may be read from the f i le using the
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Vendor
(Manual Master Dala Set)

Fig. 1. A simple accounts payable system designed to use
the data base manaoement caDabilities of lMAGE1250.

BASIC READ # statement. Direct-mode DBGETs may then be
used to extract the actual data base information.

The SORT BY statement is used to sort information in the
data base. Records in a data set can be sorted on any f ield in
the set including subitems. I f  a FIND has previously been
executed, only the records with associated pointers in the
workfi le that meet the selection cri teria wil l  be sorted. I f  a
FIND has not been executed, al l  records wil l  be sorted. In
either case,.the result of the sort is a series of data base
record pointers stored in the workf i le.

Sorting across Multiple Sets
SORT/250 provides faci l i t ies for deal ing with structures

that are more complex than simple data sets. Hierarchical
structures consist ing of up to ten sets can be described and
manipulated. This kind of specif icat ion, known as a thread,
consists of a l ist of the sets involved in the hierarchy along
with information describing how they are interrelated.

A two-level hierarchy for a simple accounts payable sys-
tem is shown in Fig. 1. I t  consists of a single manual master

Fig.2. lnf ormation that might be contained in the data sets of
Fig. 1 . Pointers showing how the two sets are related are used
by SORT1250 to retileve information.
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data set containing the vendor information, and a detail
data set that contains the invoices associated with each
vendor.

Fig. 2 shows sample information that might be contained
in the data sets. If the master set were sorted by vendor
name, the pointers in the workf i le after the sort would be:

3 , 7 , 7 , 4

By retr ieving these pointers sequential ly and using them in
direct-mode DBGETs, i t  is possible to produce a l ist of al l
vendors sorted by vendor name.

However, to produce the same report subsorted by in-
voice number would require access to information in both
sets. I f  SORT/250 is given a thread structure that includes
these two sets and i t  is told to sort by vendor name with a
subsort on invoice number, i t  wi l l  obl ige by returning
pointer pairs. The first pointer will refer to a record in the
master data set and the second wil l  refer to a record in the
detail data set. Performing such a sort for this sample data
would yield the record pointer pairs:

Vendor Invoice
pointer  pointer

3 1
3 2
7 4
1 6
1 3
4 8

The Sort Algori thm
Two primary concerns when writing a disc sort are pro-

cessor t ime and the amount of disc I/O. SORT/250 works by
first loading as many records as possible into memory,
sort ing them, and writ ing the sorted results to a scratch area
(a workf i le) on the disc. This process is continued unti l  al l
records to be sorted have been put into one of these sorted
segments. The sorted segments are then merged to produce
the f inal sorted output. Using this method, the processor
t ime is consumed primari ly in sort ing the segments, while
reading records, writ ing segments, and merging segments
are I/O intensive.

For maximum speed, i t  is desirable to reduce the burden
on the I/O system and put as much work as possible on the
processor. This is part icularly true of f lexible-disc-based
sorts. One way to do this is to make the sorted segments
Iarge. This reduces the number of such segments, thus
reducing the t ime spent in the merge procedure. I t  also
means that larger sorts can be performed without a merge.

To give the internal portion of the sort as much memory
as possible, the contents of the sort ing user's memory are
written to the workfile. At the completion of the sort the
user's memory is restored to its original state. Regardless of
the amount of memory possessed by a given user, only 122
sectors (approximately 31K bytes) are written to the work-
file. This prevents the size of the workfile from increasing
when the amount of user memory is increased beyond 32K
bytes.

During the sort, the free memory is divided into areas for
buffer space, pointers to sorted segments in the workfile,
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pointers to records in memory, a table describing the thread
and the sort keys, and the records themselves. However,
since the ult imate output of the SORT BY statement is a set of
pointers to data base entr ies, the whole record being sorted
(or records for a mult iset thread) need not be retained. Only
the sort keys are kept, after being transformed into an alter-
nate representation that makes them easier for the record
compare routine to process. Specif ical ly, the transforma-
t ion is such that the keys can be compared as 16-bit  un-
signed integers. I t  is no longer necessary to know the type of
a part icular key during the compare. The compare does not
need to check for special cases, or perform f loating point
ari thmetic.

After a record is read (or group of records in the case of a
multiset thread), the sort keys are extracted, put into suit-
able form for comparison, and passed, along with the ap-
propriate record number(s), to the sort process. This con-
struct ion, consist ing of sort keys and record numbers, is
cal led a work record. The sorted segments, which are writ-
ten to the workf i le preparatory to a merge, consist solely of
sorted work records.

The sort process was developed for optimal use of the
processor hardware. The internal sort algori thm is cal led
"modif ied binary search and insert",  or MBSI. Most of the
processor t ime in a sort is spent moving memory or per-
forming comparisons. The HP 250 processor has a l imited
form of mult iword move instruct ion that al lows a f ixed
number of words (from 1 to 16) to be moved. However, i t  has
no mult iword compare instruct ion. MBSI takes advantage
of this by reducing the number of compares to a minimum at
the expense of a greater number of moves.

For a normal binary search and insert ion sort,  the number
of compares required is approximately:

N(logrN - logre) +logre,

where N is the number of records to sort.  The compare t ime
is also direct ly proport ional to the length of the work re-
cords being compared ( in the worst case). Here Nrepresents
the number of records that can be sorted in memory, not the
total number of records that are sorted after any merges are
done.  For  SORT/250,  101<N<4459,  bu t  the  max imum
number of records that can be sorted is 65534.

The worst case number of moves is about [N2-Nl/2. To
keep the move time down, the actual records are not moved.
A vector of pointers to the work records specif ies the sorted
ordering. When a new record is added to the l ist,  i ts posit ion
is establ ished by insert ing a pointer into the vector at the
appropriate place.

One of the advantages of a binary search and insert ion
sort is that i t  does not require the simultaneous presence of
al l  N records before the sort can begin. To sort record i
requires that records 1 through i  -  1 be present and in sorted
order. This corresponds nicely to the way the records are
read off the disc. After record i  has been read, a request can
be made to read record i+1, and while wait ing for the disc
I/O to complete, the processor can be sort ing the pointer to
record i  into i ts posit ion in the pointer vector.

On fast discs, however, the read may be completed before
the insert ion is complete. AIso, more than one record is
often read in a single disc read request. Thus, there may be

several records queued for handling by the sort process.
Despite the overlapping of sorting and I/O, the N2 factor of
the sort process "shows through" in the sort t imes. To
reduce this show-through to a minimum, the algori thm was
modif ied somewhat. The N i tems in memory are broken up
into K subsorts of N/K items each. The resulting K sorted
groups of records are then merged to produce the same
effect as sorting all N items. As a function of N and K, the
number of compares remains the same as before, namely:

N(IogrN- logre) +Iogre,

which is independent of K. The worst-case number of
moves becomes:

(Nr/K- 3N- K2+K+zNK)/2.

The solut ion for the best K is relat ively dif f icult .  Solving a
sl ightly dif ferent problem that does not use worst-case as-
sumptions about moves required during the K-way merge
yields a best value of K : \Al.  When substi tuted into the
above equation this gives a number of moves corresponding
I O :

1.sNl  s -2N+o.bv l [

Actual ly, K should be chosen as the integer part of (f ,r i [  +
1i2), since the square root general ly yields a nonintegral
number. This improves the number of moves over simple
binary search and insert for al l  N greater than 2. However,
because of the form of the mult iword move in the BPC,
K:16 was chosen experimental ly as near optimal.

This change, along with the overlapped I/O, virtual ly
el iminates nonlinearit ies in the internal sort t imes. The
remaining nonlinearit ies are caused by the f inal merge of
the sorted segments on the disc.

If  al l  the records to be sorted f i t  into memory simultane-
ously, the pointers can be extracted direct ly from the work
records in memory and put into the workf i le to complete the
sort.  This avoids a t ime-consuming disc merge operation. I f
more records must be sorted than can f i t  in memory simul-
taneously, the current contents of memory must be put into
physical ly sorted order and writ ten to a scratch area of the
wofkf i le. Then a new group of records can be sorted.

In certain cases, a single-pass merge is not suff icient to
merge al l  sorted segments on the disc. When SORT/250
determines that an intermediate merge is required, i t  wi l l
perform one. A two-pass merge is rarely required. In any
case, no segment that was the result of an intermediate
merge is ever used in a subsequent intermediate merge.
Such a merged segment is only read by the f inal merge.

Data Base Inquiry Faci l i ty
An inquiry faci l i ty is a computer program that al lows

data base access in an ad-hoc manner. I t  provides an attrac-
t ive alternative to writ ing special-purpose programs to pro-
duce a one-t ime report or data modif icat ion. A good inquiry
faci l i ty lets the user interact with the data base in a simple,
natural fashion, and requires minimal knowledge of the
data base structure and format. For example, the question,
"What are the names and addresses of al l  customers in

ApBrL r 979 HEWLETT-pAcKARD JouRNAt 23



Colorado?" should be answered simply and quickly.
The primitive operations that need to be performed on a

data base are:
1. Select a subset of the data in the data base.
2. Print the selected subset.
3. Update the data base (addit ions, delet ions, and modif i-

cations).
A realistic inquiry facility will, of course, offer extensions of
these primit ives to enhance i ts usefulness.

An inquiry faci l i ty is an example of a data-independent,
data-driven program. It  is data-independent in the sense
that its functions (search for data, report data, modify data)
are appl icable to any data base. I t  is data-driven in the sense
that the specif ic commands that are meaningful depend
upon the data base (e.g., the command "l ist al l  employee
names" is meaningless for an accounts receivable data
base.) Custom (application) programs, on the other hand,
are of the class of data-dependent programs, since they are
designed to function with only one specif ic data base.ln the
design of computer systems, data-independent, data-driven
programs are desirable because of their f lexibi l i ty and uni-
versality. They offer the potential for a significant reduction
in programming effort over custom programs, since their
functions may be applied to any set of data. Some specif ic
extensions that were implemented to al low an inquiry faci l-
i ty to replace simple custom programs are discussed below.

Query/250
QUERY/250 is an inquiry faci l i ty for IMAGE/250 data

bases. I t  consists of 4500 BASIC program l ines and uses the
data base management functions of IMAGE/250 and SORT/
250 to access the data base. The operation of QUERY/250 is
based upon QUERY/3000, the IMAGE inquiry faci l i ty on the
HP 3000. There are seventeen QUERY commands, which
may be divided into four functional groups (Fig. 3). The
selection commands are used for data modif icat ion as well
as data reporting. The target users of QUERY were defined
to be casual computer users2 as well  as computer program-
mers.

To accommodate both casual and expert users, a two-
level command input structure was designed. A user who is
familiar with the QUERY commands may type and execute
command l ines direct ly. For the user who is unsure of the
command functions or syntax, QUERY labels the HP 250
softkeys with the QUERY commands. Pushing a softkey
brings a form to the CRT containing a brief explanation of
the action to be performed and a set of blanks to be filled in.
As the blanks are filled in, QUERY composes the command
at the bottom of the CRT. This use of the softkeys has two
secondary effects. The keys are ordered to lead the user
through the proper command sequence for reports and they
also unobstrusively remind the user of the functions availa-
ble in QUERY.

In the interest of a simple command set, the l ist com-
mands contain no provision for user-specified formatting of
reports. Reports may be formatted, however, by calling a
report writer program from QUERY. The data base designer
may also exercise limited control over QUERY report for-
mats by using IMAGE/250 control numbers. A control
number format specification is associated with an item in
the data base schema. It allows control of the decimal point
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Selection Reporting Moditication Utility

THREAD SORT ADD DATA BASE
FIND BREAK...TOTAL DELETE PASSWORD

OUTPUT TO REPLACE INFO
LIST WORKFILE
LINEAR LIST DO

RUN
EXIT

Fig. 3. QUERY251 provides access to IMAGE|2\) data
bases wlthout special programming. These are the QUERY
command keywords.

placement, the currency sign, commas every three digits,
and the date format. Control numbers also contain a QUERY
write-inhibit flag that prevents the QUERY user from mod-
ifying values of a particular item. The write-inhibit flag is
extremely useful in preserving audit path integrity, since

QUERY cannot automatical ly maintain audit paths.
The THREAD command al lows a search path (defined in

the schema) to be specif ied for a mult iple-set access. The
abil i ty to perform a search across data sets signif icantly
expands the range of problems QUERY can solve. This
mult iple-set access is possible because of the SORT/250
IMAGE enhancements.

Custom Program Replacement
Three functions were added specif ical ly to make QUERY

an attract ive alternative to custom programs. They are: the
ability to enter data from a CRT form, the ability to define
and execute procedures, and the abi l i ty to load and cal l  a
BASIC subprogram.

The ADD command al lows the QUERY user to input data
via a CRT form that has been defined using FORMS/250. For
repeated data entry this al lows a cleaner and more intel l igi-
ble CRT format than the set-and-item-name prompt QUERY
uses when a form is not specif ied.

The DO command executes a previously defined se-
quence of QUERY commands. The HP 250 text editor is
used to write the l ist of commands and store them in a DATA
fi le. This function al lows often-used procedures to be exe-
cuted with a single command. The contents of a typical

QUERY procedure are shown in Fig. 4.
The RUN command loads and cal ls a BASIC subprogram.

This function was designed to allow the user to format
output with REPORT WRITER/2s0 while st i l l  taking advan-
tage of the simple, f lexible QUERY data selection com-
mands. The RUN command may also be used to execute a
program that manipulates the data in the data base.

User Reaction
Ini t ial  user reaction indicates that QUERY is a useful

programmer's tool.  Applications cited include: veri fying

DATA BASE ARBASE, ABDISC
PASSWORD CLERK
FIND CUSTOMER FOR STATE:"CO' '
SORT BY CITY, NAME
BREAK ON CITY
LIST NAME, ADDRESS, ZIP

Fig. 4. A QUERY 1250 procedure to list names andaddresses

of cuslorners in Colorado from the accounts receivable data

base.



custom program correctness by examining the data base,
checking the state of a data base, and correcting a data base

that has been scrambled. QUERY may be used by casual
computer users, depending upon their level of sophist ica-
tion. The largest drawback of QUERY for the casual com-
puter user is the necessity of understanding the data set and
item names and the data base structure. The casual comput-
er user expects to use QUERY mainly for ad-hoc report ing.

It  appears the user-customization features added to

QUERY to allow replacement of custom programs will not

be often used. User comments indicate the features offered
are too l imited to be of much use in solving most problems.
These features wil l  f ind their major use in providing a
quick, minimum-effort solut ion to simple problems that
require mainly data storage and retr ieval.
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f igure to indicate i ts appl icabi l i ty to al l  businesses. The
distr ibution industry's l i fe stream is to provide t imely de-

l ivery of f inished goods and eff icient col lect ion of customer
payments. Finished goods inventory data and accounts re-
ceivable along with the attendant appl icat ions of order
entry and sales analysis can contr ibute signif icantly to the

operational eff iciency and profi tabi l i ty ofthis type ofbusi-

ness. The manufacturing industry's l i fe stream is to define

and have avai lable the material required to bui ld f inished
products and to determine where the costs are in the pro-

ducts. Applications that provide bi l l -of-material mainte-

nance and methods to track inventory can minimize parts

shortages, reduce obsolete inventory, and point the way to

improved al location of manufacturing resources. The ser-

vice professional 's l i fe stream (e.g., law f irms, accounting,
and medical groups) is effect ive cl ient bi l l ing and tracking
of job costs. These industr ies have also shown interest in

text processing.
An evaluation of the functions associated with the l i fe

streams of these three industr ies and the development re-

Applications Software for the
Small-Busi ness Computer
by Scott W. Y. Wang and Loyd F. Nelson

O SOLVE USER PROBLEMS, a computer system re-
quires not only hardware and system software, but
also applications software. But what applications

should be provided? For the HP 250, a small  business com-
puter, the goal is to improve the user's knowledge of the

business. Each business. of course. has i ts own set of char-
acterist ics and requirements, so the f irst step in appl ica-

t ions development is to categorize the businesses and iden-

t i fy the functions that are common to enough businesses so
that i t  makes sense to provide applications for them.

The applications developed for the HP 250 cover those
functions that are cri t ical to the l i fe, growth, and profi tabi l-
i ty of the business. We cal l  these l i fe-stream applications to
characterize the favorable impact that comprehensive man-
agement information can have on asset management.

The design model for the l i fe-stream applications is
graphical ly represented by Fig. 1. This model shows that
businesses can be divided into three broad categories: the
distr ibution, manufacturing, and service industr ies. The
general accounting function is placed in the center of the
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Fig. 1. Deslgn model for the development of applications
programs for the HP 250 covers f unctions that are critical to the
life, growth, and profitability of various buslnesses. Currently
available software addresses the needs of the distribution and
manuf actu ri ng industri es.

sources available resulted in two applications software
products for the HP 250: OM/250 and MFG/2s0.* OlW250 is

an order management system designed for the distribution
function of distributors and manufacturers. The software
modules in this system include accounts receivable (AR),

order entry (OE), inventory control (IC), and sales analysis
(SA). MFG/250 is a materials management system designed

to control material and provide manufacturing bills of

material and product costings for the discrete manufac-

turer. Fig. 2 lists the features of the OlWzs0 and MFG/250
applications software products.

Designing the Applications Data Base Organization
Once the general makeup of the applications packages

was determined, the next step was to determine the primary
features of each application and develop the data base or-
ganization. The design objective was to provide viable ap-
plications capabilities and performance using dual flexible
discs while at the same time providing expandability to
larger mass memories without software modification. This
affected the HP 250 in two ways. First, an initial investiga-
tion into small business inventory sizes showed that it was

doubtful that a viable application would fit on a dual

/z-megabyte flexible disc system. The decision was made

that the HP 250 would have a dual one-megabyte flexible

disc system as a starting point. Second, it was decided that
IMAGE/250 would have to have multivolume capability
(see art icle, page 19). Thus IMAGE/250 was designed to
determine automatically which mass memory device con-
tains the data desired and to handle data base storing/
restoring and unloading/loading under multivolume condi-
t ions.

Certain IMAGE/250 capabilities contributed greatly to

*These application software packages are desiOned torbusinesses in the U.S.A. and Canada. We expect
to modity some modules for some European countries at a later date.
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meeting the expandability requirement without having to
make applications software changes. For instance, in mov-
ing to a larger mass memory system, the application must be
able to handle larger amounts of data, and IMAGE/250 pro-
vides the DBINFO statement, which a program can use to
determine the current size of a data set. Also, the number of
data elements in a data set can be changed without changes
to the program accessing that data set. A related technique
involved designing the optional features supported by the
various modules so that the data associated with these fea-
tures is located in one data set. For the smaller mass mem-
ory configurations, the size of this data can be set to one,
thereby allowing the feature to be available on the larger
configurations but not on the smaller. The multivolume
design of IMAGE/z50 makes it unnecessary for all data sets
in a data base to be on-line at the same time. This is ex-
tremely important for the OM/z50 package, because it al-
lows the data bases to be organized so that a viable interac-
tive solution for order entry can be achieved in a dual
flexible disc system.

Another benefit of IMAGE/250 was that the data base
definition language made it mandatory to consider the data
organization and data relationships before developing the
applications software. Thus, as a consequence of defining
the features that the applications modules would have, the
data base requirements were also defined.

IMAGE/250 provides a consistent way of accessing the
data in the data base from all applications software mod-
ules. However, the init ial  design of IMAGE/250 provided
for data entry only in string form. The applications de-
velopment effort showed that a more effective way of break-
ing string into its data elements was needed. The IN DATA
SET statement was invented to fill this need fsee article.
page 19) .

Designing the CRT/User Interface
The next problem that had to be solved was providing a

consistent and easy-to-learn user interface. The guiding
principles were:
1. I t  should be quick and easy for the user to get to any
part icular task.
2. The user interface should be as fr iendly (that is, informa-
tive and forgiving) and as devoid of computer command
jargon as possible.
3. There should be standard methods and procedures for
handling common operations regardless of which applica-
t ions function or program is running.

To meet these objectives several decisions were made.

For example, the modules provide for reports that can be
printed on request, at the end of the next batch update, or on

a periodic basis (daily, weekly by day of week, or monthly)

after each update. HP 250 CRT soft keys were used exten-

sively to provide easy communication with the user. Stan-
dards were established for the use of the soft keys. For

example, the rightmost CRT key always provides a means
for the user to leave the current applications environment.
Pressing a soft key terminates the current data input; this is

a powerful programming feature, The keys are used in
menu trees for selecting a desired function and within func-

t ions to select the options avai lable. Another standard that
was established is a three-line message area directly above



Inventory (lC)

LIFO or FIFO or Weighted Average Costing Method
99 Product Classes
5 Discounts, 5 Markups, 5 Price Breaks Per Part
Calculated EOQ
Calculated Reorder Point
ABC Analysis
Cycle Counting
Multiple Warehouse Reporting
Multiple ComPanY Reporting

Accounts Receivable (AR)
Balance Forward or Ooen ltem Statemenls for Each Customer
Variable Aging into Five Periods
Sales Dollars Reported to General Ledger by Order Line ltem
Full Trulh in Lending Compliance
Over-the-Counter Cash Sales Journal
Credit Card Sales Journal
Past Due Letters
15 Cash Discounts
11 Customer Classes
Multiple Company Beporting

Order Entry (OE)

PostBilling and Pre-Billing Operalion
Picking Lists (by Warehouse or Order)
Acknowledgment Letters
Credit Limit and Post Due Checks at Entry of Order
Cash Sales/Credit Card Sales/Prepayments
Automatic Backordering with Customer Option
Automatic Backorder Filling
Slock Reservation
Aulomatic Price Exlension
3 Tax Categories
Surcharge Capability by Line ltem
2 Other UserDefined Optional Charges
Container Charge Credits

Sales Analysis (SA)

Salesperson Pro{itability Reporting
Customer Profitability Beporting
Product Prolitability Reporting
Bar Graph Reporting
Quota Reporting
Commission Calculation by Product Class for Each Salesperson
Mulliole Commission Calculation Methods
Regional Reporting
Split Sales Reporting
s-Year History on Salespersons, Customers, and Products
Multiple Company Reporting

Manufacturing (MFG/250)

Bill of Material Processor (30 Levels)
Where-Used Beporting
Product Cost Reporting (lmplosions with "What-lf" Costs Change Option)
Reorder Reports (5 Computation lvlethods)
Cycle Counting Subsystem
Stock Status Reports (Excess Inventory, Data, History Activity)
ABC Analysis (Simulated Also)
Stock Picking Lists (lncluding Slmulation Preview)
Engineering Change Control
User-Defined Validation Tables

Fig.2. Features and capabtlitres of the OM1250 and MFG1250

applications software packages.

the CRT sof t  keys for  g iv ing the user d i rect ions,  receiv ing

user responses,  and displaying error ,  warning,  or  status

messages.

The FORMS/250 features were used extensively to pro-

v ide a consistent ,  easi ly  developed and maintained method

of handl ing user input  and data display.  The CURSoR

statement for  p lacing the cursor in the appropr iate f ie ld

regardless of  i ts  previous posi t ion on the CRT was of  con-

s iderable help as the data input /output  forms were being

developed. Another feature that  proved to be of  help to the

user in segment ing the display into funct ional  areas is  the

HP 250 l ine drawing set. By using the l ines to box in areas or
to connect related data, the user can quickly see which data
makes a functional group.

To tie the modules together into a consistent operating
unit from the user's point of view, al l  modules are accessed
through a single appl icat ions supervisor program cal led HP
250. I t  and i ts related programs consti tute the control mod-
ule. The control module acts as a supervisor; it maintains
the system date and passwords and controls access to the
applications software modules. It also maintains other sys-
tem parameters such as the applications integration status
ar ray ,  hardware /so f tware  conf igura t ion  s ta tus  ar ray ,
hol iday/calendar, and so on. This information is kept in a
control data file for use bv all modules as reouired.

Designing the Memory and Mass Storage Organization
As the programs for the modules were developed, i t  be-

came clear that many of the routines for handling various
operations, such as the displaying of messages on the CRT,
could be gathered together into a system uti l i t ies f i le for use
by al l  programs. To provide rapid, select ive access to these
routines, the LOAD SUB capabil i ty was developed. Subpro-
grams in the ut i l i t ies f i le can now be selected and loaded
programmatical ly with a signif icant increase in speed over
the LINK statement, which was init ial ly the only way of
accessing the ut i l i t ies f i le. Another fal lout of this develop-
ment is the DEL SUB capabil i ty. The applications program-

mer now can also programmatical ly manage the user mem-
ory and delete ut i l i t ies as needed to make room for other

applications programs.
As the number of programs increased, the problems of

distr ibuting the programs among the avai lable mass mem-

ory devices and handling dif ferent mass memory configura-
t ions had to be solved. AII f i les are divided into groups and
each group is associated with a mass memory label, so that
within l imits, the groups can be migrated to dif ferent labels

for dif ferent mass memory configurations. However, the

tasks of spreading programs and data bases among mult iple
f lexible discs and customizing data base capabil i t ies are
diff icult  to do manually, so ut i l i ty programs were de-
ve loped to  so lve  these prob lems.  For  example ,  w i th
OM/250, a program manages a data base on al l  appl icat ions
program and nonprogram f i les, keeping track of their

capacit ies, update date, target disc volume labels, and other
information. This program is also used to generate masters
for various mass storage configurations.

Another ut i l i ty program is used to take advantage of the
flexibi l i ty in IMAGE/250 to customize data base capacit ies
according to user needs. The most dif f icult  problem, how-
ever, is not sett ing the capacity but dynamical ly managing
data bases and work f i les on mult iple volumes. For exam-
ple, more than ten data bases are used in the ON{/250 appli-

cations software, and these are spread over eight f lexible
disc volumes. Changing the capacity of one data base on
one volume can affect another related data base on another
volume that may have l imited space for expansion. In addi-
t ion, the work f i le space requirement for FIND/SORT varies
according to data set capacit ies. This ut i l i ty program al lows

the software designer to set these data base and work f i le
condit ions and then computes to see whether the user
capacit ies wil l  f i t  in a given mass storage configuration. The
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program can also optimize disc volume use by increasing
capacit ies to take up the space not used according to the
priori ty set by the user.

Designing a Flexible Data Reporting Scheme
In designing a flexible method for generating reports, the

objective was to provide as much user lat i tude as possible.
Al l  appl icat ion reports are produced by the REPORT WRI-
TER system uti l i ty. REPORT WRITER provides basic tools
such as totals, page breaks, and so on. In conjunction with
the FIND/SORT capabil i ty, i t  provides considerable f lexibi l-
i ty for report specif icat ion. A report setup program is used
to select FIND and SORT cri teria. The user can also specify
which printer should be used for the report.

Insuring Data Integri ty and a Quali ty Application Package
Throughout the development of the applications mod-

ules, an objective was to make sure that their operation was
clearly evident to the user. I t  is very important to give the
first-t ime user the feel ing that the computer is just a tool and
that people can only change the data base in a clear and
concise way as opposed to the feel ing that the computer
somehow "gobbled up" data input and decided on i ts own
what changes should be made to the data base. To achieve
this goal al l  appl icat ions are transaction-oriented. Most
data bases are updated in a batch mode. A transaction is
generated whenever the data base needs to be updated,
except for some special cases in OM/250 where data bases
are updated direct ly. OM/250 software modules are highly
integrated. Communication between modules is also car-
r ied out by transaction data f i les. Each module requires a
dai ly update to the data base from these transactions.
OM/250 does provide on-l ine capabil i ty for updating in-
formation that requires i t .  For example, OE knows how
much is in inventory even though the inventory transac-
t ions have not been processed. This is done by checking not
only the data base but also the transaction data f i le to come
up with the latest information. A batch-updated trans-
action-oriented system offers advantages in data base integ-
r i ty and ease of backup and recovery, since data bases are
not constantly being updated. In addit ion, MFG/250 pro-
vides a means of going direct ly from the transaction bui ld-
ing program to a transaction review/edit program with
which the user can review, l ist,  edit ,  or f ind transactions
that have been entered already. An audit trai l  is produced
whenever a data base is being modif ied either by direct
input or by transaction. An audit trai l  provides a printed
record of what has happened to the data base.

A daily backup and/or a backup before posting is required
by the system. The backup/recovery function i's monitored
and executed by the control module. I t  involves making
backup copies of all data bases and control data files. In

addit ion, MFG/250 provides a special backup/recovery pro-

cedure that enables the user to recover without reentering
transactions, using the backup transaction data base.

Quali ty assurance and rel iabi l i ty tests on the HP 250
applications software are done in three stages: designer's

QA, integration test, and test si tes. Designer's QA is done by
the software module designers, who are expected to stress
the module as much as possible. Integration test veri f ies the
interactions among the software modules. This is crucial in
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the case of OM/250, where accounting information is
passed between various modules. The test sites are actual
user businesses. Checked there are instal labi l i ty, user
documentation, and the user data conversion process.
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Capacitance and Gonductance Deep-Level
Transient Spectroscopy Using HP-IB
Instruments and a Desktop Gomputer
A low-cosf sysfem of standard componenfs is a useful
engineeilng tool for checking new semiconductor
processes and devices during their development.

by Leonard Forbes and Ulrich Kaempf

BSERVING TRANSIENTS in the capacitance and
current of the depletion region or space charge
layer near PN junctions in semiconductor devices

has been demonstrated to be a powerful technique for
characterizing deep-level imperfection center concen-
trations, energy levels, thermal and optical emission rates,
and thermal capture cross-sections.l'2 The original tech-
niques developed at the University of Illinois were sub-
sequently automated at Bell Telephone Laboratories to
analyze exponential capacitance transients in the so-called
deep-level transient spectroscopy system, or DLTS sys-

Liquid
Nitrogen
Dewar

Thermal
Resistor

(Platinum)

Fig. 1, Capacitance and Conductance deep-level transient
spectroscopy (DLTS) system based on the HP 42718 LCR
Meter and an HP Desktop Computer.

tem.3 More recently, these techniques have been expanded
to include the use of current transients on FET devices to
measure deep-level imperfections in materials and situa-
t ions where capacitance transient techniques are not
feasible.a

This art icle describes the use of the HP 4271,8 LCR
Meter,s which measures both capacitance and conduc-
tance, and the HP 9825,{ Desktop Computer for gating and
control in an automated DLTS system for both conductance
and capacitance transients. These components interface di-
rect ly through the HP Interface Bus (HP-IB)..  The 42718 is a
very-high-resolut ion capacitance meter. I t  can resolve
-f 0.001 pF and 0.01/o capacitance changes, small  enough to
detect defect concentrations four orders of magnitude
below the background concentration of usual shallow-level
donor or acceptor impurit ies.

The 4271,8 can also measure conductance, which makes
possible a conductance DLTS system. This is difficult or
impossible with otherDLTS systems. Conductance DLTS is
particularly applicable to the determination of oxide or
bulk trapping in very small FET devices, such as those
employed in most modern circuits, which have junction or
gate capacitances much too small for capacitance DLTS
techniques.

Both capacitance and conductance DLTS techniques
have been employed at HP Laboratories in the evaluation of
bulk and oxide trapping in a wide range of technologies
including standard MOSFET, si l icon-on-sapphire, l ight-
emitt ing diodes, and GaAs FETs. Despite the highly ad-
vanced state of technology, capacitance or conductance
transients or changes, indicating various defects, have been
found on al l  of these. An understanding of the nature and
cause ofthese changes or transients is an important consid-
eration in process design and in the reliability of integrated
circuits and other devices.

DLTS System
Fig. 1 is a block diagram of the basic DLTS system. One

HP 59313,A. Analog-to-Digital Converter is used to convert
the analog temperature output from the HP 2802,{ Ther-
mometer to an HP-IB format. The 593134 also has three
extra A/D channels and a simple open-collector transistor in
a reverse D/A channel. This reverse channel can be used to

'Hewlett-Packard's imDlementation 0t IEEE 488 and ANSI MC1.1.

To Vacuum Pump
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drive an infrared emitter for minority carrier capacitance
DLTS scans, or to control the gate voltage of FETs in con-
ductance DLTS scans. The HP 4271.8 has an internal
bias supply (Option 001) that can be controlled by the
computer through the HP-IB.

The low-temperature portion of the system consists of an
Air Products liquid nitrogen insert, or simple low-cost de-
war. This has been modified by attaching a four-inch cop-
per rod for thermal resistance, a heater spool, and a sample
mount. Devices under test are mounted in either T046 or
22-pin DIP packages. Temperature is measured using the
platinum probe for the HP 28O2A Thermometer. To in-
crease temperature resolution, the analog output of the
2BO2A is run through a simple operational amplifier with
a gain of five before going to the A/D converter.

Capacitance DLTS
The capacitance transient technique for the identification

of imperfection centers in semiconductorsl is based upon
the observation of the thermal emission of carriers from the
imperfection level in a reverse-biased PN junction. The
centers can be filled either with majority carriers by first
zero-biasing the junction or with both types of carriers by
illumination with infrared radiation, which generates a
large number of electron-hole pairs. The rate of emission of
these carriers to the closest band edge is an exponential
function of temperature;

e : A (T/300)n exp (-AE/kT) ( 1 )

where A is the emission coeff icient or constant, T is the
temperature in K, k is Boltzman's constant, and AE is the
energy difference between the Ievel and the bandgap edge.
This emission of carr iers results in a modulat ion of the
space charge density in the reverse-biased junction and a
transient in the high-frequency small-signal capacitance as
i l lustrated in Fig. 2. The t ime constant of this changel is:

r  :  l l (e ) . (2 )

As original ly appl ied, the DLTS technique3 consisted of a
dual-gating technique to analyze capacitance transients.
Fig. 2 i l lustrates an exponential capacitance decay for
which the capacitance value is measured at two t ime
periods, t1 and t2. These t imes are determined by, in this

case, the internal operation of the LCR meter and the WAIT
statements in the computer program. The LCR meter inte-
grates the capacitance value over the first 20 milliseconds
following address and instruction to read the capacitance
value. The remaining t ime, a worst-case 500 mil l iseconds,
is used in encoding the data. For the exponential decay
illustrated, a maximum difference AC in the capacitance
values at times t, and t2 is obtained if the time constant
of this decay is

t-a" :  ( t2 - t1)/ ln(t2ltr).  (3)

For the other cases illustrated, where the time constant of
the decay is either too slow or too fast, the difference in
capacitance value between t imes t,  and t,  is smaller. The
time constants of interest are exponential functions of
temperature, so if the temperature is scanned, the difference
will be maximized at the temperature where the time con-
stant is t-"*,  and a peak wil l  be produced in the output plot.

Capacitance DLTS has become a widely employed tech-
nique and excellent summaries have been written on the
characterist ics of implantat ion defects in si l icon,6 im-
purit ies in si l icon,T hole traps in GaAs,8 and electron traps
in GaAs.e These review art icles give plots of t ime constant
or  T2  t imes t ime cons tan t  versus  1000/T ,  and can be
employed to predict the temperature at which each of these
impurities or defects will produce a peak in the DLTS scan.

As an i l lustrat ion of this technique, Fig. 3 shows the
result ofa capacitance DLTS scan using the HP system on an
arsenic-implant-damaged si l icon N+P diode, using zero
bias as the init ial  condit ion. Two peaks are evident in this
scan, one at -92"C and one at -117"C. The t ime constant
that produces a peak for this case is around 0.35 second. By
using this t ime constant and the appropriate value of 1000/
T, these levels can be plotted as two points on Sah's curve6
and shown to correspond to the 0.40 and 0.48 eV levels. The
Ievels at higher temperature in Fig. 3, and consequently
deeper energy, are so numerous in this case of implantat ion
damage that has not been annealed that they run together
and cannot be resolved using the DLTS technique. A sub-
sequent thermal anneal, however, wi l l  result in a DLTS scan
with no structure on the highest gain scale, showing that
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Fig.2. Principles of capacitance DLTS. (a) Emission of carriers in N+P junction is stimulated
by applying bias or infrared radiation, (b) Capacitance transient results when junction ls reverse
biased. LCR meter measures junction capacitance at two gated time periods. Maximum capaci-
tancechange ACoccurs atatemperature(i .e., t imeconstant)thatischaracterist icof thetypeof

defect. (c) Temperature dependence of capacitance time constant.
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Fig. 3. Capacitance DLTS scan on arsenic-tmplantdamaged diode. (a) Measured data has
peaks at two temperatures. Uslng published data, these can be related to energy levels and

particular defects. (b) Device cross-sectlon.

(b)

the concentrat ion of any and al l  of these defects has been
reduced to  less  than 5x1011/cm3.

Conductance DLTS
While capacitance DLTS is a powerful technique, i t  is

l imited in the case of small  FET devices, which have only
very small  capacitances, and on high-resist ivi ty substrates,
which l imit the abi l i ty to measure and resolve capacitance
values. In these cases what is referred to here as conduc-
tance DLTS consti tutes a technique that can be used not
only for bulk trappinga but also for oxide or insulator trap-
ping. The concepts involved are much the same as in the
case of capacitance DLTS and wil l  be i l lustrated here by the
observation of electron trapping at the chromium level in
the gate junction of GaAs FETs.

Fig. 4 i l lustrates the electron emission in a GaAs FET
fol lowing application of operating gate and drain voltages.
In this case modulat ion of the space charge in the gate

iunction results in an increase in conductance of the FET.
The LCR meter can be used direct ly to measure small-signal
drain conductance. The t ime constant associated with this
conductance change is again simply the reciprocal of the
emission rate and results in a conductance DLTS peak as
shown in Fig. 4 at about +32"C. This can be shown to

10P/"

Semi-
Insulat ing
Subslrate

correspond to the very recently measured emission rate and

characterist ics of chromium in GaAs.10'11
In the conductance DLTS technique presented here a

large-signal pulsed bias is appl ied and the emission of

carr iers from impurity centers in a deplet ion region is used
for indirect modulat ion of the FET's conductance.a Since
the centers being observed are in a deplet ion region, the

technique is very similar to capacitance DLTS and not at al l

similar to small-signal conductance techniques.l2
Conductance DLTS has also been found to be most useful

in the characterization of oxide trapping. In this case car-

r iers are iniected into the oxide gate insulator in FETs and
the subsequent transients in conductance are observed as

these carr iers are re-emitted by the oxide traps.

Summary
The laboratory-assembled system described here based

on the HP 4271.8 and 9825A is an engineering tool that can

be put together quickly using standard components at a
nominal cost and used to check new processes and devices
during their development. Defect levels are obtained using
previously publ ished data on impurit ies and defects in
semiconductors. Capacitance DLTS can resolve defect con-
centrat ions as low as 5x1011/cm3 and conductance DLTS

Fig .  4 ,  Conductance DLfS
example. (a) GaAs FEI cross-
sectlon, showing electron emis-
sion from chromrum center. (b)
Transient in measured dratn con-
ductance following application of
operating gate and drain voltages.
(c) DLTS scan.
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resolves changes of a few hundred trapped electrons. Ap-
plication during the development of new semiconductor
processes and devices to detect such trapping problems as
early as possible might well avoid considerable delays and
expense in the overall development cycle.

Acknowledgments
The author expresses his appreciation to fohn Moll and

Conrad Dell'Oca of HP ICL and Steve Joiner of Optoelec-
tronics for making this project possible and a success.

References
1. C.T. Sah, L. Forbes, L.L. Rosier, and A.F. Tasch, Solid-
State Electronics, Vol. '13, 759 (1S70).
2. C.T. Sah, Solid-State Electronics, Vol. 19, 975 (1976).
3. D.V. Lang, Journal of Applied Physics, Vol. 4b(7), 3023
('ts74).
4. L. Forbes, R. Brown, M. Shiekholeslam, and K.W. Cur-

Hewlett-Packard Company, 1501 Page Mrll
Boad, Palo Alto, Californra 943M

Leonard Forbes
'. Len Forbes is an associate professor of

electrical engineering at the University
of California at Davis and aconsultant to
HP. A native of the province of Alberta,
Canada, he received his BSc degree in
engineering physics in 1962 from the
University of Alberta at Edmonton and
his MS and PhD degrees in electrical
engineering in 1963 and 1970 from the

. University of lllinois at Urbana. He has

! netO faculty positions at Howard Uni-
: versity and the University of Arkansas
, and was with IBM Corporation for two

: y€€lrs, A member of IEEE and the' 
American Association of Universitv Pro-

fessors, he is author or co-author of nearly 50 papers, articles, and
reports. His research at UC is in GaAs materials, devices, and circuits

rent, Solid-State Electronics, to be published.
5. K. Maeda, "An Automatic Precision 1-MHz Digital LCR
Meter," Hewlett-Packard lournal, March 1974.
6. C.T. Sah, Proceedings 3rd International Conference on
Silicon, Semiconductor Sil icon, Vol.7z-2, pp 868-893, The
Electrochemical Society, 1977.
7 . I.W . Chen and A.G. Milnes, Solid-State Electronics, to be
published.
B. G.M. Martin, A. Mitonneau and A. Mircea, Electronics
Letters, Vol. 13(z), 1.s1. (7szz).
9. A. Mitonneau, G.M. Martin and A. Mircea, Electronics
Letters, VoI. 13(22), 667 (1.977).
10. P.K. Vasudev and R.H. Bube, Solid-State Electronics.
Vol .  21(9) ,  10e5 (1978).
11. A. Damestani, C.D. Chang and L. Forbes, Solid-State
Electronics, to be published.
12. S. Sato and C.T. Sah, lournal of Applied Physics, Vol.
41. ,4775 [1970).

Bulk  Rate
U.S.  Pos tage

Paid
Hewlett-Packard

Company

* t
T
I

8[:$giEis;$:$riEtgilr
FEtiil;:l6's$t*DEEE 32'03

CHANGE OF ADDRESS: J3"ii'ill:JJJii'"*';$::-"i,".:"""J,:1":;11:::'T il'":'i1:t"^i:"'.:,::;:1i#i';'; f T :;H::J:




