W Catoc!

5

2 3: e

R

© JANUARY 1981 Vi

D

L

: @ S
® A McGray-Hjll Pubffcatip

$2.50.in USA/3.9

small systems journal

the <

%

_ HAND-HELD COMPUTERS

A






































































































































































































































































































































































The HP-41C:
A Literate Calculator?

Brian P Hayes
Scientific American
415 Madison Ave
New York NY 10017

Calculator vs Computer

The computer and the programmable calculator seem
to be following paths of convergent evolution. As the one
is made smaller while the other gains in capability, the
line of demarcation between them becomes more and
more arbitrary. For now at least, the programmable
calculator remains a distinct and lesser species, but it
shares many of the attributes of the computer. Moreover,
the shared attributes are chiefly the ones that make the
computer an interesting machine. Both devices offer an
intimate acquaintance with the powers and pleasures of
algorithms. Both exhibit an enigmatic unpredictability:
the response of the machine to any given stimulus is
wholly deterministic, yet the behavior of a large program
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Photo 1: Components of the Hewlett-Packard HP-41C
calculator system. Shown here are the calculator itself and three
peripheral devices: a magnetic-card reader, a wand for reading
printed bar codes, and a thermal dot-matrix printer. The
peripheral units plug into four ports at the top of the calculator,
which can also receive modules containing additional memory
or precoded applications programs. The HP-41C alone costs
about $300; a system including all three peripheral devices and
two memory or applications modules is about $1000. (Photo by
Ed Crabtree.)
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can be full of surprises, often to the frustration of the pro-
grammer,

The HP-41C, which was introduced by the Hewlett-
Packard Company about a year ago, is among the pro-
grammable calculators that lie closest to the computer
borderline. It comes close enough for the jargon of com-
puters to be useful in describing it. At the Corvallis Divi-
sion of Hewlett-Packard, where the HP-41C is made,
they refer to the calculator itself as the “mainframe” and
to its accessory devices as the “peripherals.” The
calculator comes equipped with four input/output (I/0)
ports, through which the various elements of the system
are interconnected. Because the peripherals do some data
processing internally, the system might even be said to
have “distributed intelligence.”

When compared with a computer, most programmable
calculators have a rich instruction set, but they are defi-
cient in memory capacity and in facilities for communica-
tion with the user. A calculator comes with such
amenities as trigonometric, logarithmic, and statistical
functions built in; with a computer, even floating-point
arithmetic must usually be constructed out of software.
On the other hand, no calculator has the memory needed
to store large tables or other data structures. And it is the
communication problem that most seriously limits the
utility of the calculator. A display that can represent only
the 10 digits, a decimal point, and a minus sign does not
have much range of expression. Even for problems that
have entirely numerical results, such a display is not
always adequate, since without labeling of any kind it is
easy to become confused about what a number means.

The HP-41C

In the HP-41C, the instruction set is at least the equal
of that in any other calculator and the potential memory
space is large (although it can never be large enough).
The most conspicuous distinguishing features, however,
have to do with communications and “human factors ”
(or, in other words, those things that aid in writing pro-
grams and in interpreting their results).

All three of the peripheral units now available serve to
get information into or out of the HP-41C; they are a
printer, a magnetic-card reader, and a wand for reading
bar codes. But perhaps the most significant innovation of
all is in the calculator itself: a liquid-crystal display that
can represent not only numerals but also the complete
uppercase alphabet and a few lowercase letters and other



The first personal
$200.

for under

The Sinclair ZX80.

A complete computer—
only $199.95 pius $5.00 shipping.

Now, for just $199.95, you can get a
complete, powerful, full-function computer,
matching or surpassing other personal
computers costing several times more.

It’s the Sinclair ZX80. The computer that
“Personal Computer World” gave 5 stars
for ‘excellent value.

The ZX80 cuts away computer jargon
and mystique. It takes you straight into
BASIC, the most common, easy-to-use
computer language.

You simply take it out of the box, con-
nect it to your TV, and turn it on. And if
you want, you can use an ordinary cassette
recorder to store programs. With the man-
ual in your hand, you'll be running programs
in an hour. Within a week, you’ll be writing
complex programs with confidence.

All for under $200.

Sophisticated design makes the
ZX80 easy to learn, easy to use.

We've packed the conventional computer
onto fewer, more powerful LSI chips—
including the Z80A microprocessor, the
faster version of the famous Z80. This
makes the ZX80 the world’s first truly port-
able computer (6%2" x 8%2" x 1%2"” and a mere
12 0z.). The ZX80 also features a touch
sensitive, wipe-clean keyboard and a
32-character by 24-line display.

Yet, with all this power, the ZX80 is easy
to use, even for beginners.

The ZX80 comes complete with its own
128-page guide to computing. The manual
is perfect for both novice and expert. For
every chapter of theory, there’s a chapter
of practice. So you learn by doing—not just
by reading. It makes learning easy, exciting
and enjoyable.

You'll also receive a catalog packed with
items that can make your ZX80 even more
useful. Including 27 program cassettes,
from games and home budgeting for just
$6.95, to Sinclair’s unique Computer Learning
Lab. And books, hardware options and
other accessories.

7X80’s advanced design features.
Sinclair’s 4K integer BASIC has perfor-

mance features you'd expect only on much

larger and more expensive computers.

= Unique ‘one touch’ entry. Key words
(RUN, PRINT, LIST, etc.) have their
own single-key entry to reduce typing
and save memory space.

B Automatic
error detection.

A cursor identifies errors

immediately to prevent entering

programs with faults.

B Powerful text editing facilities.

B Also programmable in machine code.

B Excellent string handling capability—up
to 26 string variables of any length.

B Graphics, with 22 standard symbols.

® Built-in random number generator for
games and simulations.

Sinclair's BASIC places no arbitrary re-
strictions on you—with many other flexible
features, such as variable names of any
length.

And the computer that can do so much
for you now will do even more in the fu-
ture. Options will include expansion of 1K
user memory to 16K, a plug-in 8K floating-
point BASIC chip, applications software,
and other peripherals.

Order your ZX80 now!

The ZX80 is available only by mail from
Sinclair, a leading manufacturer of con-
sumer electronics worldwide.

To order by mail, use the coupon below.
But for fastest delivery, order by phone
and charge to your Master Charge or VISA.
The ZX80 is backed by a 30-day money-
back guarantee, a 90-day limited warranty
with a national service-by-mail facility, and
extended service contracts are available for
a minimal charge.

computer

Price includes TV and cassette connectors,
AC adaptor, and 128-page manual.

All you need to use your ZX80 is a standard TV
(color or black and white). The ZX80 comes complete
with connectors that easily hook up to the antenna
terminals of your TV. Also included is a connector for
a portable cassette recorder, if you choose to store
programs. (You use an ordinary blank cassette.)

The ZX80 is a family learning aid. Children 10 and
above will quickly understand the principles of
computing—and have fun learning.

Master Charge or VISA orders call:
(203) 265-9171. We'll refund the cost of your call.
Information: General and technical —(617)
367-1988, 367-1909, 367-1898, 367-2555.
Phones open Monday-Friday from 8 AM to

8 PM EST.

[ ] ]
Ell II IEII Sinclair Research Ltd., 475 Main St.,
P.O. Box 3027, Wallingford, CT 06492,

rM——————
To: Sinclair Research Ltd., 475 Main St., P.O. Box 3027, Wallingford, CT 06492.

ZX80 personal computer(s) at $199.95* each (US dollars), plus $5

Please'sendme™  * &
shipping. (Your ZX80 may be tax deductible.)

Name

I enclose a check/money order payable to Sinclair Research Ltd. for $

Address

City State

Zip

Occupation:

Intended use of ZX80:

Age:

Have you ever used a computer? [J] Yes [ No.

Do you own another personal computer? [ Yes [ No.

*For Conn. deliveries, add sales tax.

BY-1-1



symbols. The letterforms are crude but perfectly legible;
what they bring to the calculator is literacy, and it makes
all the difference in man-machine relations.

The architecture of the HP-41C is not fundamentally

different from that of its predecessors in the Hewlett--

Packard line. There is a four-level stack of registers where
pending operands are generally held; other registers are
identified by a 2- or 3-digit address. The internal memory
consists of 63 registers, but this number can be increased
by plugging memory modules into the ports. Each
module adds 64 registers, so that a full complement of
four modules yields a total capacity of 319 registers; with
all the ports occupied, however, no peripheral devices
can be connected.

The memory available can be divided in any way
desired between data storage and program storage. When
allocated to data memory, a register holds a single
floating-point number (10-digit mantissa and 2-digit ex-
ponent). Program capacity is more difficult to measure
because instructions have varying space requirements.
Without extra memory and with a reasonable allowance
for data storage, the maximum for an unassisted HP-41C
usually falls between 150 and 200 program lines. By add-
ing three modules and keeping the same data space, the
program capacity is expanded to about 1200 lines.

An additional wider register is dedicated to alphabetic
operations. Up to 24 characters can be accumulated in the
alpha register, although only 12 at a time fit in the liquid-
crystal display; the extra characters scroll in to the left,
marquee-style. The alphabetic capability is not a mere
frill. The extent to which it is called upon in the everyday

REMOTE I/0

Control AND monitor remote devices
Real time clock/calendarincluded

® An ACcarrier communications I/O interface for the APPLE II*
computer. Output communications operate up to 256 BSR System
X-10* control modules. Input communications come from the X-10
command console, and temperature and security input modules,
soon to be available from Intelligent Control Systems, Inc.
® Software routines are provided to handle the AC I/0, to set,
read, and display the real time clock, and a background schedule
control program. 4 selectable interrupt rates allow machine
language programs to run simultaneously with other programs.
® Real time clock provides sec, min, hour, date, day of week, mo,
and year. Rechargable battery runs clock when APPLE is off.
* Trademarks-APPLE II:Apple Computer Inc.,System X-10:BSR Ltd.
SEE YOUR APPLE DEALER FOR A DEMONSTRATION...$185 sugg. retail

Intelligent Control Systems, Inc.
POBOX 14571eMPLS,MN 55414@(612) 699-4342
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operation of the calculator can be illustrated by consider-
ing one of the curious challenges of calculator design.

Mnemonic Functions

The problem is that most scientific calculators have
more instructions than they have keys; in the case of the
HP-41C, there are more than 130 instructions and only
thirty-five keys. A shift function doubles the number of
distinguishable key sequences, but that still leaves almost
half the instruction set without a home on the keyboard.
Rather than further increase the number of keys or the
number of shifted modes, Hewlett-Packard has adopted a
solution familiar in larger systems: all instructions,
whether or not they appear on the keyboard, can be ex-
ecuted by spelling out their mnemonic in the display.
Programs resident in memory and instructions associated
with peripheral devices can be executed in the same way.

Execution of a mnemonic label has the significant ad-
vantage of eliminating all dependence of the instruction
set on the layout of the keyboard. It also has certain
potential drawbacks that the designers of the HP-41C
have gone to some lengths to remedy, largely by ex-
ploiting the alphabetic display. For example, if the spell-
ing of a mnemonic is forgotten, a complete listing of the
instruction set can be called up by the CATALOG func-
tion.

Another objection is that repeatedly spelling out a
function can be tiresome on a keyboard smaller than the
human hand. This burden has been relieved by the
radical strategy of allowing all the keys to be redefined by
the user. Any instruction (with the exception of a few
program-editing pseudoinstructions) and any program
can be assigned to any key.

The fluid indeterminacy of the keyboard leads to a fur-
ther possible complaint: the user may lose track of what
function has been assigned to a particular key. Two
devices come to the aid of the forgetful. A keyboard
overlay slides into place to relabel the keys according to
the chosen assignments; if several programs require dif-
ferent key assignments, a separate overlay can be made
up for each one. The second aid is more elegant: the cur-
rent function of any key can be verified merely by press-
ing the key and holding it down a moment. The
mnemonic of the function appears in the display. If the
key is released, the function is executed; otherwise, the
word “null” appears and the command is canceled.

[A third aid to the use of the HP-41C keyboard is the
selection of the user/standard mode. The key redefini-
tions are valid only when the calculator is in the user
mode. To use a key that has been redefined for its
original function, the user has only to press the USER key
to toggle the calculator back to its standard mode. In the
standard mode, the HP-41C behaves as it would before
any keys were assigned, thus giving the user the best of

both worlds. . . . GW]

Further Features for the Programmer

The versatility of the liquid-crystal display is exploited
in several other ways to make the HP-41C friendly and
fool-resistant. A row of indicators below the main
display provides various indications of mode and status.
Error messages can be reasonably explicit: an attempt to
divide by O elicits “data error,” and a number greater
than 10% is flagged as “out of range.” When a conditional
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Micro-Sci's new disk drive family
really makes your Apple shine.

Both the A-40 and A-70 offer
extra performance plus the ability
to read existing diskettes written
on Apple Disk Il systems.

And a jumper selectable boot
prom for 13 and 16 sector interger
Basic or 8 sector Pascal comes
standard.

The Model A-40 actually costs
a lot less than Apple Disk II drives.
Yet it provides 40 tracks instead of

NEW DISK SYSTEM
POLISHES APPLE’

35, along with up to 20K increase

in capacity. Maybe an extra 20K isn't
anything to write home about, but
the speed sure is—5 ms track to
track vs. Apple’s 15 ms.

The Model A-70, on the other
hand, features twice the tracks and
capacity of the Apple Disk II, but
it costs only a few dollars more.

The secret of outstanding per-
formance and reliability is a state-
of-the-art design incorporating a
band positioner, instead of a plastic

MICRO-SCI

| cam. Plus an ithproVéé! media

centering system. :
SPECIALDISCOUNT.
One A-40 plus controller is priced
at only $495 and the second drive
is just $395. You can save
up to $200 per system over Apple II
drive prices. ;
And you can save even more if
you act now. Contact us today for
a special $50 introductory discount
on your Micro-Sci A-40 or A-70
system order.

1405 E. CHAPMAN AVENUE - SUITE E - ORANGE, CALIFORNIA 92666 - 714/997-9260

MICRO-SCI IS A DIVISION OF STANDUN CONTROLS, INC.

Apple and Apple Il are registered trademarks of APPLE COMPUTERS INC., SAN JOSE, CALIFORNIA




test, such as “X = 07", is executed from the keyboard,
the display answers the question “yes” or “no.”

Alphabetic text can also have a valuable role within a
program. How it is employed is largely up to the pro-
grammer, but two obvious uses are prompting for inputs
and labeling outputs.

Even with the best of keyboard technologies, entering a
long program is inevitably tedious. A feature of the HP-
41C that helps in avoiding needless repetition of effort is
a continuous memory, which maintains all data and pro-
grams even when the calculator is turned off. Key
assignments, the settings of flags, and other status infor-
mation (such as the angular mode) are also preserved. A
program that is run frequently can be kept in the
calculator. Memory resources are finite, however, and on
occasion a program must be cleared to make room for
another and later reloaded. It is for such purposes that
the magnetic-card reader and the bar-code reader are in-

tended.

Using Cards

The magnetic-card reader, which occupies one port, is
a small unit that clips onto the top of the calculator and
can be left in place. The cards are the standard 1 by
7 cm magnetic strips (slightly smaller than a stick of
chewing gum) that are also employed by the HP-67 and
HP-97 and by some Texas Instruments calculators. They
are inserted in a slot at the side of the reader and pulled
through by a motor for retrieval on the other side. Each
card has two tracks and each track holds the contents of
16 registers, which can be either data or programs. A
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long program requires several cards, and a routine that
saves the state of the entire machine sometimes calls for a
whole deck of them.

Cues provided by the calculator make operations with
the cards almost mindless. When writing a program onto
cards, a message in the display indicates how many
tracks will be needed; when reading a program, the same
message gives the lowest-numbered track that has yet to
be read. The cards can be inserted in any sequence, and
the information is sorted out internally. A defective card
or an unsuccessful pass through the slot generates an ap-
propriate error message.

Cards can be both written and read at the command of
a running program. For example, a data card might be re-
quested during an initialization routine, and new values
might be written onto the card at the end of a calculation.
Or one of several possible subroutines might be appended
to a running program once the program had determined
which subroutine was needed. Unfortunately, all these
procedures still require human intervention for the actual
insertion of the card. Thus, the user must attend the
machine and feed it by spoonfuls on demand.

An amusing feature of the card reader is its ability to
create “private” program cards. When such a card is read
back into the calculator, the program appears in the
catalog and becomes available for execution, but it can-
not be examined, modified, or copied onto another card.
Any attempt to do so is blocked by the imperious
message “private.” The security measures seem to be ef-
fective (although I have not worked seriously at
penetrating them); how often they will be needed is
another question. In the realm of very-small-scale
systems, the major worry is theft of hardware, not soft-
ware.

Software Compatibility

The introduction of a new model computer often raises
questions of software compatibility. In this case,
Hewlett-Packard has made the new machine compatible
with the old software by including a translator routine in
the card reader. Magnetic cards written on the HP-67 or
HP-97 can be entered into the HP-41C and, with no in-
tervention by the user, will be converted into HP-41C
programs. Thus, the machine has access to the large body
of software written for the earlier calculators, including
more than 3000 programs in a users’ library administered
by Hewlett-Packard.

An incidental benefit is the addition of more than a
dozen instructions peculiar to the HP-67 and HP-97 that
become available on the HP-41C whenever the card
reader is plugged in, even though most of those instruc-
tions have nothing directly to do with card operations.
For example, there is a block-memory swap that comes in
handy occasionally.

Bar-Code Wand

One drawback of magnetic-card recording is the cost
of the medium: roughly fifty cents a card, plus the con-
siderable expense of the card reader itself. There is also
the delicacy of the iron-oxide surface, which necessitates
careful storage and the maintenance of duplicate copies
for backup. A second input device for the HP-41C, the
bar-code reader, relies on the most inexpensive of all
known storage media, ink on paper. The reader is a

Circle 74 on inquiry card. s



INTERFACE PRODUCTS FOR THE 80’s

Multiport Serial Card

® Two or Four RS-232 serial ports with full handshaking.

® /ndependent baud rate generator for each port, with 16
software selectable rates from 50 to 19200 baud.

® Handshake lines include hardware start/stop control for
each port to interface with serial printers without additional
software.

® Fach port can be configured as a “data set”, for direct
connection to a terminal, or a “data terminal”, for direct
connection to a modem.

® 8-level vectored interrupt controller handles receive and
transmit interrupt requests from each port.

® nterrupt controller may be slaved to our CPU Support Card
for fully vectored operation or it may be used in the “polled
mode” while retaining the interrupt masking and prioritiza-
tion features.

CPU Support Card

® RS-232 serial port with full handshaking. Software-
controlled baud rate generator allows almostany conceiva-
ble data rate.

® Socket for 2716 or 2732 EPROM. The EPROM can drive
PHANTOM to allow a memory board to overlap, and it can
be disabled with an output command.

® g8-bit parallel input and output ports, each latched and with
full handshaking.

® V/ectored interrupt controller. Provides 15 levels of vectored
interrupts, expandable to 64 through “slave” controllers on
other cards (such as our Multiport Serial). Includes
complete interrupts support for 8080, 8085, Z80, and 8086
microprocessors.

® Two general-purpose timer/counters, Each is 16 bits wide.
One may be combined with the time-of-day clock to count
days.

From Seattle Computer, the System Design Experts

While each of these cards is a great individual
performer, together they form an unequalled interrupt
system. Up to seven Serial cards may have their on-
board interrupt controllers slaved to the master control-
ler on the Support Card for a maximum of 64 different
interrupt sources. Only SCP provides this kind of

® Both of these cards are IEEE 696 (S-100) compatible. They
have DIP switches for I/O port address and all options are
set with switches or easy-to-use pin shunts.

Price: 2-port, $250; 4-port, $350. Manual only, $3. Cables
$15 each in 14, 18, or 28 inch lengths.

® Time-of-day clock. Time of day is keptin 24-hour format to
0.01 second. Power to run the clock may be provided from
an external source, such as a battery, to keep the clock
running when the computer is off. If time of day is not
needed, the clock may be used as two general-purpose 16-
bit timers.

Price: Card, $370. Manual only, $4. Cables, one 28" cable
provided. Additional cables, see above. 2716 EPROM
(single supply), $15 each or $13 in 10s.

expandability required for the multi-user systems of the
80’s.

To help you tap the power of this system, each CPU
support card includes source code on diskette of a
complete, fully interrupt-driven I/O system for MP/M.
(MP/M is a trademark of Digital Research Corporation.)

These products may be purchased from your local computer store.
Products are guaranteed one year — both parts and labor. Factory orders
shipped prepald in US and Canada. Forelgn purchases must be prepald in
US funds. Also add $10 per board for overseas air shipment.

Seattle Computer Products, Inc.

1114 Industry Drive, Seattle, WA. 98188
(206) 575-1830
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