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Manual Summary

Introduction (page ix)

Briefly introduces the calculator, peripherals, interfaces, and other calculator accessories.

Section 1: KEYBOARD OPERATIONS (page 1)

Describes the HP 9815A strictly as a calculator: Simple and complex arithmetic, number
formats, scientific functions, storage registers, etc

Section 2: PRINTER CONTROL (page 27)

Lists all printer functions and describes how to print formatted alphanumeric messages

Section 3: PROGRAMMING (page 33)

Shows how to enter and run programs, and describes ail programming functions.

Section 4: TAPE CARTRIDGE (page 75)

Discusses the tape cartridge and the tape control keys.

Section 5: SPECIAL FUNCTIONS (page 97)

Shows how to define, run, and record your own functions using the special function keys.

Appendix 1: INSTALLATION PROCEDURE (page 103)

Lists initial turn-on and inspection procedures which should be done immediately after you
receive the calculator.

Appendix 2: 9815S SUPPLEMENTAL INFORMATION (page 107)

Explains the minor operating differences between the 9815S and the 9815A.

Appendix 3: SERVICE (page 111)

Describes how to test the caiculator and lists periodic maintenance procedures.

Appendix 4: OPERATING LIMITS (page 121)

~ Lists the calculating range, accuracy, and environmental limits.
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Introduction

The next few pages introduce you first to the HP 9815A Calculator and then to the many
accessories for building a complete calculating system. The important features on the cal-
culator keyboard are shown on the facing page.

If you have just received your calculator, or if there's any doubt concerning whether it is set
up to operate in your area, please refer to Appendix 1 of this book.

Your Calculator
Arithmetic Operations

Your calculator has four temporary storage lo-
cations (working registers) arranged like this

X <N+

It's called the “operational stack’. Simple arithmetic is done by placing numbers in X and Y
and pressing an arithmetic key; the result is left in X. The method is called Reverse Polish
(Lukasiewicz) Notation (RPN) and is extremely popular for fast, efficient operation. Section 1,
Keyboard Operations, describes how to use the stack and RPN.

The Display and Printer

The 16-character display shows you each number keyed in and each arithmetic result; and
you can print the current number in the display whenever you wish. In addition, the display
and printer are valuable programming aids. Section 2, Printer Control, lists the many printer
functions and shows how to print messages.

Range and Accuracy

The calculating range is from—9.99999999999 x 1099 through 9.99999999999 x 10%°.
Whenever a result exceeds that range the printed message “OVERFLOW" appears. (See the
inside-back cover for a complete list of error messages.)

All calculations are computed to 12 places, but the accuracy depends upon the operation.
Arithmetic operations (+, —, X, and +) are accurate to within one count in the 12th (least
significant) digit.



The Memory

In addition to the four working registers just mentioned, the basic calculator has 10 perma-
nent data-storage registers and a 472-step program memory. A small portion of the program
memory is assigned to data storage when the calculator is switched on. (You can easily set
up more registers when they are needed). ‘

The program memory can be expanded to 2008 program steps by ordering the calculator with
option 001. This option can be added at a later date. The 9815S has a program memory of
3800 steps. There is a field installation kit available for upgrading a 9815A to a 98158S.

Programming

As explained in Section 3, your calculator is completely programmable — that is, you can
program all of the keyboard operations, the printer control, the tape-cartridge control, plus a
full set of program-control functions.

Tape Cartridge

The miniature tape cartridge used in your calculator can hold a surprising amount of prog-
rams and data. As described in Section 4, you can set up each cartridge to fit your needs, or
you can load the calculator using the many pre-recorded programs from HP.

Peripheral Control

It your calculator has option 002 (two-channel 1/O) it can control at least two external
peripherals, like those shown on the following pages. Option 002 also enables the calculator
to use any two of the special interfaces described on page xiv for controlling measurement
devices or special systems. Option 002 can be installed at any time. Two-channel /O is
standard on the 9815S.



Calculator Peripherals

Each of these peripherals is available with all needed interface cables and complete operat-

ing instructions. Each peripheral also provides

your calculator with a unique set of key sequ-

ences, or “call” instructions, enabling full control of the peripheral.

HP 9862A X-Y Plotter

Histograms, pie charts, circuit diagrams,
linear, log-log, and polar plots — these are
some of the things you can do with the HP
9862A Plotter and your calculator. The plotter
can automatically scale your data, label each
plot in words and numbers, and draw axes with
labels and tic marks. A special feature also al-
lows you to digitize graphical data and store
the x-y coordinate points in the calculator.

Output Printers

If you need data output in tables, charts, or on
standard forms — almost any format — your
calculator and one of these printers will do the
job.

The HP 9871A OQutput Printer provides up to
15-inch wide, multiple-copy output, uses a full
96-character font, and prints at an average
speed of 30 characters per second. The cal-
culator can control character and line spacing,
platten motion, tabbing and form feed. A full
set of plotting instructions are also available.

The HP 9866A Thermal Printer is a fast (250
lines per minute), page-wide printer. It has a
64-character alphanumeric font and produces
fully-formatted text and tables with your cal-
culator. In addition, the HP 9866A can list cal-
culator programs in a convenient, four column
format.

Xi
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Paper Tape Readers

Data from analytical instruments, machine
tools, and computer terminals goes directly
into your calculator with one of our paper tape
readers. The HP 9863A makes it easy to read i

data in a wide variety of formats at 20 charac-
ters per second. Our HP 9883A Tape Reader,
designed for high-speed, heavy-volume oper- \

ations, optically reads tapes at up to 300
character per second. Use the 9883A to load q

programs, too.

HP 9864A Digitizer

Use this peripheral to read a curve, or any ir-
regular shape, as a series of descrete points
and then convert these to a series of digitial x-y
coordinates. To make entries, simply trace the
shape; then the calculator can find dimensions
and area of the line or contained shape. With
the proper programs, you can directly process
graphical data, such as X-rays, blueprints,
strip-chart recordings, or cut-and-fill profiles.

HP 9884A Tape Punch

Add high-speed tape output to your calculator
with a tape punch. This reliable, compact unit
punches tape at 75 characters per second.



Special Interfaces

The following special interfaces are available for your calculator to control and exchange data
with a wide variety of peripheral equipment. Each interface has general installation and
operating instructions and provides the calculator with a full set of input/output controf
instructions. Typical applications are shown here:

Qutput Printer
Genefai 8-bit I/O Tape Punch
Tape Readger

tnstrumentation Control

HP 98134A

C -digit BCD in: > Oigital Voitmeter
/ 8-bit binary out Electronic Counter

HP 98133A

HP1B Any instrument having HP-1B capa-
. biity. No special wiring is neeaed

HP 98135A

HP 9815A Calculator

Special Interface Applications

General I/O Interface

The HP 98134A Interface is a general-purpose card providing an 8-bit parallel, character-
serial interface. The interface transfers datain a “half-duptex’ fashion; that is, it can input and
output data, but not both at the same time. Buffer-storage for each character is provided,
and all lines are compatible with standard TTL levels.

The controf sequences provided with the General I/O interface include: formatted output
and free-field data input (standard ASCIl coding is used), binary input and output, binary
logic operations, formatted program listing, and high-speed program input and output.

BCD Interface

The HP 98133A BCD Interface allows the calculator to take samples and input data reading
from one of many instruments having a parallel, binary-coded-decimal (BCD) output. The
interface can input data of up to eight BCD digits, and also 8 bits of function, sign, overioad,
and logic-sense information. Separate 8-bit binary output lines are also available for control-
ling function, range, etc. on the measurement device.

The control sequences available with the BCD interface are formatted single-sample or spfit-
sample input, two high-speed (burst) sample inputs, and binary output for setting range,
function, mode, etc. on the external device. The binary output lines couid alternately be used
to control a second device. The calculator can input data at the rate of up to 1000 samples per
second using a high-speed input instruction.

Xl
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HP-Interface Bus

The HP 98135A HP-IB Interface permits your calculator to be a controller or the system
controller of up to 14 other instruments via the standard HP-IB instrumentation bus. The
HP-IB interface is completely prewired, and can be used with any instruments having HP-IB
compatibility.

The HP-IB employs a 16-line bus; each instrument on the bus is connected in parallel to all 16
lines. Eight of the lines are used to transmit data and the remaining eight are used for timing
and control.

Data is transmitted on the HP-IB as a series of 8-bit characters. Normally, a 7-bit ASCIl code
is used; the eighth (parity) bit is ignored by the calculator. Data is transferred by means of an
interlocked “handshake" technique. This sequence permits asynchronous communication
over a wide range of data rates.

For more information on the peripheral devices or interfaces shown on these pages, contact
the nearest HP sales and service office.

Prerecorded Programs

Tape cartridges containing programmed solutions to problems from many disciplines are
available. A utility program cartridge is supplied with each calculator. For a complete list of
prerecorded programs and for pricing information, contact any HP sales office (addresses are
provided in Appendix 3).

Keyboard Magazine

Keyboard is a periodical magazine containing general information about HP calculators and
related equipment. it includes articles and programs written by calculator users, descriptions
of the latest equipment and prerecorded programs, programming tips, and many other items
of general interest to calculator users.

To receive your free subscription to Keyboard, merely complete the order form supplied with
the caiculator.
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Keyboard Operations

This section gives you all the basic instructions needed to solve problems from the HP 8815A
keyboard. Later, in Section 3, you'll find that each keyboard operation described here is aiso
programmable.

Power On

Your calculator is shipped fully assembled and ready to operate, but please make these
simple checks first:

¢ Have you just received the calculator? If so, turn to Appendix 1 and follow the turn-on
procedure.

* |s the calculator plugged in? If not, plug one end of the power cord into the rear panel;
then plug the other end into a suitabie power outlet.

PRINTER

Set the two keyboard switches to .| | and mw

L] PRGM

Then switch the calculator on o gl

if the display does not appear as shown here, see Appendix 2, “Service.

[
e

S|
___/




2 Keyboard

The Keyboard

A sketch of the keyboard is shown below. All of the keys circled in color are aescribed in this
section.

Notice that many of the keys are shown with alternate functions. The @ <cy allows you to do
each of those alternate functions. For example, to enter the constant pi (3.1415...), merely

press @D @ .

Also notice that the functions below keys( s Jthrough(s Jare not shown here. These are not
alternate keyboard functions, but are the programming functions.

fix sl sl 3 sTack
MARK VERIFY DATA I0ENT ~ALPHA — —_ e — —_ —
Loa0  mewmoi  mecomss  ust SALL {cLEARs .- € €x cLx * pRINT - o PRINTER
h ~— —— —_— — — e R OfFF
- o . Ve "o aw| !
3G [ o T
G0T0[ rLASEL: < gig | - STEP 8 9 x ae SIN w noAw [T
— — —_ — % Iag
—_— — — —
a s 0 loe ° 5 6 - ae cos 06
e’ —" —— —— . B —— ——
. - — — WY Yo
¥ G " [ 2 3 + Xy Tan £+ .
— —— — - — —_ _— - aut0
- SO ~oms  omse AT
J— — — — — — PAGM
« L " N 0 . ENTER ¢ Pen acc
" LAST Y

The HP 9815A Keyboard

The switches on the right-hand side of the keyboard control the printer and operating modes.
To print each of your keyboard operations automatically, set the Printer switch to ALL. On the
other hand, to conserve paper set the switch to NORM or OFF. For now, set the Printer switch
to NORM and the Mode switch to RUN.

The calculator prints various messages, regardless of the Printer switch setting. Some mes-
sages indicate calculator or peripheral device status, while others tell you of incorrect opera-
tions, such as division by zero. A list of error messages is at the back of this manual.

The 16-digit display shows each number you enter and the calculated result. When you wish

to print the number currently displayed, just press @ Whenever the calculator is either
doing a lengthy keyboard operation or running a program, it indicates “I'm busy" by display-

| = )




Keyboard 3

Entering & Clearing Numbers

« The calculator has four temporary storage locations arranged
as shown on the right.

X <N -

This is called the “operational stack’. Each number keyed in
goes into X, the displayed register. To save the number (place
it in Y) before keying a second number in, press e TO
print the current number in X, press (@

—_—

* To enter a negative number, key in its base value and press {"I-‘:A Change the sign of the
current number in X by pressing (9 N

+ To key numbers in using scientific notation: key in the base number, press 7.:: ., and key in
the exponent (up to two digits). If the exponent is just one digit, terrnmateTt with a non-
numeric key or O -

e Toclear the stack, press («=| To erase just the number in X, press i\mvn_

To cancel a key sequence which has not been completed. press aa .

The number-entry keys are arranged as on an

adding machine. Key in each number from left | _ JA' : o __.“ 3 .

to right and include a decimal point, if needed. - == . T LT -

For example, you can key in 98.15 by pressing M o ‘ o
0l0]0]010 Toirr e E

Before keying in a second number, save the first one by pressing

To key in a negative number, press @ after keying in its value. To change the sign of a

result, simply press .

Large and Small Numbers

You can aiso enter numbers in scientific notation by using the@(Enter Exponent) key. For
instance, to enter 12.5 x 108, press:

[ g -
12.5@6 ( ic.5  Uo |
( ot mr J
? ?




4 Keyboard

And to enter a small negative number, such as =5 X 107 , press:
s (<) (=) 3 () [ -5 ‘/_7.:@
: B Y
{ 8.6t )

In this case the number you see is rounded to fit the current display format.

Clearing

If you make a mistake while keying in a number, you can erase the entire number by pressing
(Clear X). To erase all four working-registers of the operational stack, press .

The key can be used to clear a key sequence which has not been completed. For

example, if you wish to set a scientific number format and press @i} @ by mistake,

cancel the sequence by pressing . Then press the correct sequence.

Simple Arithmetic

« To do arithmetic problems containing two numbers: key in the first number and save it by
pressing! ww s+ 1 Then key in the second number and press the operator key:  +, —, X, or
+. The result is left in X.

+ To do serial calculations (e.qg., a series of arithmetic operations linked together). press

o o Jto save the first number; then just key in each additional number— the calculator
automatically ENTERS (saves) each number keyed in directly after an operator key.

+ The last number in X before an operation is done is automatically stored in LAST X. To

re-ENTER that number, press il = o s

lagr’ ¥

i




Keyboard 5

For a problem having two numbers and one ]

arithmetic operation, key in the first number » . o = ¥

-

e

- L]
IEEREE

in the second number and foilow it with the
operator key (+, —, x, or +). The resultis leftin b
X‘ W0 e [y -

and save itin Y by pressing;then key ===z R e LA ‘

R TR
te)  in

i)

R ICEARE IEE AL

FERIE T Y]

For example, to add 12 and 3:

Press Resuit

12 (o )2 () [

-
[N
Uy
Dy

The calculator does simple arithmetic for you like this:

* |t adds the last number keyed in to the last number saved. (Y + X — X)

« |t subtracts the last number keyed in from the last number saved. (Y — X = X)
* |t multiplies the last number keyed in by the last number saved. (Y ¥ X —X)

* |tdivides the last number saved by the last number keyed in. (Y/X — X)

Serial Arithmetic

A serial calculation is a series of arithmetic operations linked together into one problem. For
exampie:

(((3x5)-3)+6)+7=9

This problem is easily solved by keying in the numbers and operations from left to right:

[~]
o
4 N\
[y
.
=3
23
S

(X
-
-
-
iy
™ —
]
1™ —
g }
J

o
~
"
2
J

.,,
-~
(]
]
[y
A

As shown, only the first number must be saved by pressing. Then each number
keyed in after an operator key is automatically ENTERED (saved) for you.



6 Keyboard

Last X

The last number keyed in before an operator key is pressed is automatically stored for you in
a location called “Last X". You can recall and use that number by simply pressing

LAST X

Recalling Last X also performs an automatic ENTER, just like keying in a number after an

arithmetic key. Last X is not cleared by or @ .

As a simple problem using Last X, multiply each of these numbers by .05:

12 82 45

m
23
DN
gy

\.. J

12 (o s ) .05 (x)
W elo

LAST x

‘
lenlo L .25 |

LAST X

)
.
23

L J

)
y
[y}

. The Operational Stack

¢ The four working registers look like this § T
X is always displayed and can be printed. ¥4
Y
X
* Toclear the stack, press . To clear only X, press @ t ?: (1|'08t)
e Keyed-in numbers go into X. To duplicate X into Y, press Z /‘ Z
e o ) This also moves the Y-value to Z and the Z-value to T { L: ;
(the T-value is lost).
A
e Pressing an arithmetic key places the resultin X and drops the y \- Y
other values down. The former X-value goes to LAST X. X % )L(AST X

« An automatic ENTER occurs when a number is keyed in following any operator key except

'l ax} Or wrem ¢ . srack

« To list the numbers in the stack, press -@
« To move the numbers around in the stack:

t{_‘}“" t T t T
ANTER ¢ :\ y Y : z z a“e Z z
)i (2 X x )y LY Yy~

xL:x X X X X




The operations described thus far have used
only the bottom half of the stack (X and
Y): you simply put the numbers into place,
press the required function key, and the result
is leftin X. Now let's look at the complete stack
and its control keys.

The four working registers are arranged in a
“stack”, with the X (displayed) register at the
bottom:

You've aiready seen that each number keyed
in goes into X. When you press the
number is duplicated in Y. As shown here,
pressingalso moves the number from
Y to Z and moves the number from Z to T (the
number in T is lost).

When an arithmetic key is pressed the result is
placed in X and the remaining numbers in the
stack drop down. The number formerly in X
goes to LAST X.

Keyboard 7

X <N

For example, follow the stack contents as we solve: 15/(7 - 4)="?
Press Stack contents at each step
T—0
F—e
Y 0
X—=0
~~ (Lost)
T—0 T j»o
Z—0 27 -
15 enTen ¢ ’
Y—0 @ Y 15
X—-=15 X L. 15



8 Keyboard

0 (Lost)

T—0 T-~0
yA— Z 15

7 Y___,?s Y/7
Xe—e7 X£7
T—0 ;\(g
Z——15

4y o7 @ ; ;5
X—d 4 (Last X)
TTZO
Z\O

) Y20
X 5

3 (Last X)

Notice that we entered numbers just as they appear in this problem.

Automatic Enter

As explained earlier, an automatic ENTER is done on each number keyed in directly after an

arithmetic key. This always occurs except when the number follows @ . @ or.
Also, any operation which places a number in X (e.q., () @ or B ) causes an

LAST X

automatic ENTER. This feature allows you to easily work serial, chain, and mixed-chain calcu-
lations. For example, notice how the automatic ENTER is used in the following problems.

Solve: ((4 x5)(2+3))—-6=7

(Lost)
— o 10
4g Z— z 0
T—0 T 0
Z——0 Z :o

P oy—e4 @ Y N0

X — 5 x% 20
5 (Last X)
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0 (Lost) _— 0 (Lost)
T/./’O Tj/°0
Z- ~0 Z 20
X 2 XLZ
(Auto ENTER saves 20inY)
Z—20 Z~""0
: Y——2 Y20
X——3 X 5
3 (Last X)
Lost
® 2% T-/~0
N e
X 4 X£6

5 (Last X)

(Auto ENTER saves 4inY)

©

-2
6 (Last X)

Now solve: (12 x 5)+ (11 x4)+ (10x3) =7
HenHo
NEIBHOIO

NeHolo

Here are the other stack control keys:

T

@Exchanges the number in X and Y, without
affecting Zor T.

@Rous each number in the stack down to the
next register.

@Rolls each number in the stack up to the
next register.

STACK

(] @ Lists the contents of the stack.

[ Y

(M
@
0]
X)

——
o
[ )
[ oI O]
. =
-
1T A
T T

-
K
2%

-
-
Dol
—
LU A

[ N W
( (g J
[y N N
( [ N N N ] J
[ B R NN
y Y
X X
t T
z Z
y Y
X X
t T
z Z
y Y
X X



10 Keyboard

Number Formats

FiIX
When the calculator is switched on, the FIX format is automatically set, with a two-dig:t

fraction shown. To set another FiX format, press i} 9 (: n) . ncan be any number-entry
key and specifies the number of decimal places. When a number is too large for the
currently-set FIX format, the SCI format is used.

SCi

Numbers expressed in standard scientific notation appear as a base number multiplied by a

s
power of 10 (exponent). To set a SClformat, press () @ (n) . n specifies the number
of decimal places shown.

SCI 3

When a SC! 3 format is set, each number appears in scientific notation, but with an exponent

3C1 3

which is a multiple of three (e.g.. 3. 6, 9....). To set a SC! 3 format, press @l e ‘n

Regardless of the format in use, the least-significant digit of each number shown is always
rounded. This does not affect internal caiculations, but only displayed and printed numbers.

Printed and displayed numbers normally ap-
pear in a fixed decimal-point format called
“FIX 2'". This means that each number is
rounded to the nearest hundredth before it's S A E
displayed or printed. The number format does
not affect calculating accuracy, but only dis- oLl .
played and printed numbers. -

—{

y

- e wm e W

K IEE RS Aheifi
e
-
[ERE LR T I

(3]
L]
]

Fixed Format

To set another fixed format, press @l and any numeric key (0 through 9); the number
key indicates how many decimal places to display. For example to see 12.34567 in various

fixed formats:

12.34567 -
CICIED \
- () \

- (o)s

Lt
K
[y
(N
-

-
-

[}
l_ls‘

FIX 0

-
™

) |§|
L |
-
l\
-
M
-

-

FiX 4

-

FIX

)
-
[Ny
-

-~
™ -
L2

FiIX 6

-
-
L

-
-
.

Ly

L_Jk__/k_.zg_.J
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When a keyed-in number or result is too large for the currently-set format, a scientific format is
automaticaily used.

FIX
] I [
-(,:_)@ (1.234567)(10‘)( e S T T i I_.ll]

exponent

But when a number is too small to be shown in the display, the format does not change. (Of
course, the number is still there!)

FIx
[ni 11
.00025 tTen 4 [ et J
i B s I =
-('3')@ ( AN RN

Scientific Formats

Scientific notation is a shorthand way of expressing very large and very small numbers. It
uses a base number which is multiplied by a power of 10. For example 5,000,000 (five million)
could be written more easily as 5 x 108, and .00025 as 2.5 x 10 - 4.

Two different scientific formats are available: ‘standard scientific” (SCI) and “scientific

three” (SCI 3). The standard scientific format is set by pressing (i) @ and a number key
from 0 to 9. The number key indicates how many decimal places are shown. The SCI 3 format

is set by pressing (l @ and a number key. When SC! 3 is set, each number has an
exponent which is a mulitipie of three (e.g., 3. 6, 9, ...). Here are some examples:

k-] “Y

[ I I

500000 @B @ @ (s [ 5.0 U5
1 - - - )

1ty

- @ (SC1 3) ( so0.00 05
J
= ¢ oCrmAnm _ne )

. i

.000015 (@D @ @ (SC1) ' Uy T D
s (T e s )

[ ] @ (SC1 3) CT e T
7

Remember that the number format affects only displayed and printed numbers - all internal
caiculations are performed to 12 places, and up to 10 most-significant digits are shown.!

It you wish to actually round the number in X, use the ROUND function explained later.

'For more information, see “Guard Digits” in Appendix 4.
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Number Storage

20 storage registers, named A through J and 000 through 008, are availabie when the
calculator is switched on. More (or less) numbered registers can be assigned when needed.

To store the number from X into a register, press @ ('i’i’;’:') i
7 A
To recail the number from a register to X, press @ %\'iga':,‘:r/ .
. N / 3 /
Each number recalled is automatically ENTERED, except after | owes | laeani OF [ax|.

To clear registers A through J, press .

To do an arithmetic operation directly between X and a regis-
ter, use this sequence

1 X |+

l/ register”
. name

register
L. name

The resuit is placed in the storage register and X is left un-
changed.
To store or recall numbers indirectly :

Store X into register indicated by number in specified register:

. . . . g . feecand .Cc—‘: freglste(\
Recall contents of register indicated by number in specified regis @ fre L Came
ter:
To do indirect operations between X and a storage register, +
use this sequence # @ N @ Came
The operation is performed on the register indicated by the
number in the specified register. The result is placed in the
storage register and X is left unchanged.
To delete register 000 through 009 and add 80 steps of prog-
—
ram memory, press # (9 -
To assign more numbered storage registers, place the total
number of register needed into X and press » [ ] @

The HP 9815A provides you with 20 storage
registers for holding constants or intermediate
results. Each register can hold one number
and is accessed by using the and@
keys, in conjunction with a key indicating the
register name:
through “009". As explained later, more (or

“A" through "“J" and “000”

less) data registers can easily be assigned
when they are needed.
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Clearing Data Registers

All data registers are cleared (zeroed) when the calculator is switched on. To clear registers
A through J, without affecting anything else, press @ (eean) . To clear numbered registers,
either store 0 in each register or use the routine suggested on page 18.

Storage and Recall Examples

First clear all storage registers by switching the calculator off and back on. Then store the
constant 4.75 in A:

)
.y
~d
]

____/

4.75 @

Now use the constant in this problem:

85x475="7

0.5 (= (D (5) [ N

The example shows that the current number in X is automatically ENTERED (saved in Y) when
a number is recalled.

When specifying numbered storage registers, key in the significant digits of the register
name, followed by either a non-numeric key or @ Or, you can key in the entire three-digit
name. Here are more examples. ’

NOTE
The error message “ILLEGAL ADDRESS" appears when a
register number which is not assigned is specified.

First, store another constant (3.66) in register 009:

iy
ey
Dy
e
]
_/

Mclole (
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Now use both stored constants (4.75 — A and 3.66 — register 9) to solve:

8 x3.66 _o
475 ‘

=lolo
Slslo

)
iy
(R
l:|_|
00

S

2y
D
—

NOTE

If the or @ key is followed directly by an operator
key, the calcuiator will automatically use register 000. To

cancel a STORE or RECALL operation which hasn't been
completed, press .

Register Arithmetic

Arithmetic operations can be done directly between the number in X and a storage register.
The result is placed in the storage register while the number in X is left unchanged. Here is

the general key sequence:
+

- C register )
% name

For example, first store 8 in register C:

—
1 —
(]
™ -
=3
~ -
D]

a@

and then increment it by 2:

Clols (
@ @ (contirms that C equals 10) [

-

(]
(
2

Dy
2

-~
™ -
Uy}
1™ .
23
1" —
23
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Now, subtract 4 from C:
O ( S00 )

[y [
@ e ] {confirms that C now equais 6) [ N ]

Indirect Storage and Recall

You can do store and recall operations indirectly by specifying a register name which con-
tains the number of the actual register to be used. These operations are performed just like
direct store and recall, except that @ is pressed before the intermediate register is
specified. Here are the general key sequences:

@ (register) Stores X into the register indicated by the number
name in the specified register.

@ @ Cregls(er) Recalls the contents of the register indicated by
name the number in the specified register.

For exampie, first store 3 in register B:

)
|\|§|
22
122

—_J

3@

Now indirectly store 25 in register 003:

25 () o) O
Now clear X and verify the contents of register 003:
@ @ (contents of register 003) (

)
|~|‘|
[

.

23

-

I :I
-

gy
S |
™ -
Dy}
1 -
[Ny}

Ty
L™
1™ -
(]
1™ -
[y a

NOTE
The absolute integer value in the intermediate register is
used as the indirect register number; so the sign and any
fractional part of the value are ignored.
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Indirect Register Arithmetic

The register arithmetic and indirect storage operations just described can be combined.
Here is the general key sequence:
+

- 7 register
stone \_ name

X

In each case, the arithmetic operation is performed on X and the contents of the register
indicated by the number in the register named. The result is placed in the storage register
and X is left unchanged.

For example, to add 2 to the register indicated by the number in register E:
ICIOIT]xs { 2.00 ]
And to subtract 6 from the register indicated by the number in register 003:

@O0 {

As with the indirect storage operations, you'll probably find indirect register arithmetic most
often used in programs, to increment either data values or event counters.

S|

-
-

[}
™~ -

=1 17
U

{ e L1

o~

"~

Additional Data Storage

When you require more than the 10 numbered storage registers available when the calculator
is switched on, you can easily assign up to 58 numbered registers.' This is done by assigning
more of the program memory as data storage.

Step 0000
When the calculator is switched on, it automat-
ically assigns 80 program steps for data stor-
age and indentifies the area as registers 000
through 009. Here is a simplified sketch of that ! ‘;’tggg’:
memory
Step 0391 )
Reg 009 } data
Reg 000 storage

'Up to 250 numbered registers (000 through 249) can be assigned when option 001 is installed. The 9815S can directly access
up to 256 numbered registers.



If you need, say, 25 more numbered registers
(i.,e., 35 in all), they can be assigned by press-

ing:

35-

Here's the new memory configuration #
Notice that the program memory lost 8 steps
for each data register assigned.

Additional storage registers remain assigned
until you either change the assignment or
switch the calcuiator off. For example, if most
of those additional registers were no ionger
needed and you wished to load a program re-
quiring most of the memory, you could change
the assignment to, say, 5§ numbered registers
(you still have registers A through J) by press-

ing:
s @

Notice that registers 005 through 034 are de-
leted and the memory gains 240 steps, but the
contents of registers 000 through 004 remain
unchanged.

Step 0000

Step 0191

Reg 034

Reg. 000

Step 0000

Step 0431

Reg. 004
Reg. 000

Keybcard

program
storage

gata
storage

If there is not enough program memory available to accept any given register assignment,

the printer will indicate "MEMORY OVERFLOW"™ and the assignment will be ignored.
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Clearing Numbered Registers

The last example hints at an easy way to clear a block of numbered storage registers: first
delete the block of registers to be cleared; then reassign them.

For example, assume that 25 registers are assigned and you wish to clear registers 010
through 024. Press this sequence:

10 @D (Assign registers 000 through 009)
25 @ (Assign registers 000 through 024)

Now registers 010 through 024 are clear, while the data in registers 000 through 009 remain
unchanged!

Scientific Functions

In addition to four-function arithmetic, there T
are 24 scientific functions on the keyboard. All ‘_
of these functions are grouped into one key- tzz=x A
block, as shown on the right. Most functions - :
operate on the current number in the | === * = .
X register. T T -

IR
i

Each scientific function key has primary, secondary, and inverse functions. To perform the
primary function, merely press the appropriate key. To do the secondary function, prefix the

“%
appropriate key with @l (e.g., press @l (=) to find the reciprocal of X). To use the inverse
function, prefix the key with (e.g.. pressing () takes the arc cosine of X).

Angular Units

Operations involving angles, such as trig functions and angular conversions, can be done by
expressing the angles in any of three units: decimal degrees, radians, or metric grads (360

degrees = 2w radians = 400 grads). Degrees is automatically set when the calculator is
switched on.
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Here's how to specify the desired units:

a8 @ to specify radians.
[ ] @ to specify grads.
@ ' ) tospecify degrees.

Trigonometric Functions

The trig functions are summarized in the next table. You are invited to familiarize yourself with
the functions by working the exampie problems which follow.

Function' Keys Result

Sine (=) Sine X — X

Arc sine B Arc sine X — X (principal value)
Cosine Cosine X = X

Arc cosine Arc cosine X — X (principal value)
Tangent () Tangent X — X

Arc tangent ) G Arc tangent X — X (principal value)

'Be sure to set the desired units before working any trig problems.

Find the sine of 30° .

After switching the calculator on, press:

30 () { g.50 ]
Now find the arc cosine of -1, in radians:
L] @ (set radians units) [ - L J
-l t
19 |
Find the area of this right triangle
ab a
i . = ee— I =5
Since: Area 5 and b and < a
8= 35
]
[+]
az
We can use the formula: A = ————-
2tan @ )\

[N}
o
(M|
y
<

a?

.
™ -~
's
iy
"

@ | 1 ) (set degrees units)

5@@ 2tan @ (
35@2@ | .
@ Area ( ! )

—
-
.
]

-

~d
-
a

.
g
5

L
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Logs and Exponential Functions

Function Keys Resuits
Natural Log (log ) InX — X
Natural Antilog (e *) ) gx— X
Common Log (logie) log X = X
Common Antilog (10%) 10" = X
Exponential (Y *) - @ Y - X*

*The number in Y is lost after the operation.

Display the constant e to nine places.

_Jelo —

\
|~
-~ -
=
I\
L

-
iZ
=
o

=

1))

Now find ¥'32 using natural logs:

b I N il i e W B
32@ L JeTO3 0333000

Y e o B BRI I By B e B
5 L LR o e S Y R B R I oy B

N e e e e e e e
@ e it

If you invest $1000 at a 10% interest rate per period, how much would you have after six
periods? Using the Y * function, evaluate the following:

principal x (1 + interest rate) ~o"°9s

- (5)(2)
1.10( oo

= 1000 x (1.10)8 = ?

y‘
c @ (=) (1.10% [ LT

-
-
-
[y
U}

l.

1000 @ (principal & interest) [ [ (]
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More Functions of X

As with the trig and log functions, each of these functions places the result in the
X register.

Function Keys Resuit

k) 4

Square root | @B (=) | VX=X
121

Reciprocal | B 11X = X

Integer @ () | integer X = X
Round @B () | Y rounded to X places — X*
Pi - @ 3.14159265360 — X

*The original numbers in X & Y are lost after this operation.

What size square has the same area as a circle whose radius is 3?7 (Hint: the square root
of a circle’s area gives the side of a square having an equivalent area.)

e S 7 et

A= S?

(W)

Ca

|
___

(=D L
01O

3
Mg
oo
l‘l_.
)
.

= D
- s (. 5.32 |
Calculate ——1__ and display the resuit to four places.
/s + '
[
-
“ T
s @ () ‘/.l Lo T J
“ A R T ]
Tal = (+) 5. 3425

)
iy
(R
oy
-t

e/

\<d
- )
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Round 5840 to the nearest 100 (102).

ANO
5840 [ ww+ )2 @ ()

_
[N}
e
r
1207
™ ~—
g
127
-3
™~
N
]

123
___

Now round the answer to 104.

-
™~
D |
o

-
L.._l
'~ -~
D |
O
T
.
1™ -~
N
™ -
I__l
™ -
L_l
D

Y o

To round a fractional value, enter a negative number into X. For instance, round 5.5555
to the nearest thousandth (10~ 3).

5.5555 ((om s )
IO o {

Now find the integer portion of the resulit.

)
[y
Ly
L
(W]
[Ny}

) N

[N
LM
[y
oy
3
__J

SRR
(X}

- 0000 )

The INTEGER function can also be used with negative numbers.

s.s-@: [ -

.
1

M
L SO

Conversions

Keyboard functions are available to convert rectangular (x,y) coordinates to their equivalent
polar form (r = magnitude, 8§ = angle). Another conversion function allows you to convert
decimal angles to degrees, minutes and seconds. Each function is listed on the next page.
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DMS — Decimal Angle

D.MS3 — X

Function input Values Keys Results
Polar — Rectangular r— X =) X coordinate— X
8—>Y' y coordinate — Y
Rectangular — Polar x coordinate — X G r —X (magnitude)
y coordinate — Y 6 — Y (angle)'
Decimal Angle — D.MS? Decimal 82 — X L] .C;i D.MS3—> X

LX

@ (=)

Decimal § = X'

'Angles are entered or returned in currently-set units.

2Angle is entered in currently-set units; the resuit is in degrees.
3The format is DODDD.MMSS, where D = degrees, M = minutes and S = seconds. An error message resuits for decimal angles
above 99999.99999 decimal degrees (or equivalent in radians or grads) or 99999.59599 in D.MS format.

Convert the rectanguiar coordinates 4, 3 (x,y) 8=1an " (yx)
to polar form, with the angle expressed in A r = x/cos 8
43
degrees. ) [ G :
t
2 !
b 1
@ ' ) (set degrees) . |
b !
nx f ! > X
a8 @ @ (set FIX 2 format) 0 ! 2 3 4
3 4 @ r (magnitude) [ 5 . l’:l'll__l.’ J
@ 8 (angle) L :,','_-, . E,’ 7 )
Y
XY 4\
- = = X =7r1C0Ss #
r=8 y=rsiné

Convert the polar coordinates r = 8, § = 120°

to rectanguiar form.

120 ((wm o )8 (=)
©

-X e

x coordinate {

y coordinate l
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Convert 7/, radians to degrees, minutes and seconds form.

[ ] @ (set radians) L
X
I o

ay
iy
LM

7
O
X

OO
”
- 0.M8 -
25° 42" 517 L -5

-

- )
Notice that the “FIX 4" format is automatically set to display the D.MS form.

Now add these two angles: 15° 10’ 47" and 7° 49’ 33". They must first be converted to
decimal degrees before adding, and then converting back to D.MS form.

[ ] @ (set degrees)

0¥~

15.1047 @ (=) [ -
LA A

b Y e i O Il |

7.4930 @ (= L

@ (decimal degrees) L ,:’ :,' . ,'_,-','7 ':,,':,

-2 . I3 M

- @ (23° 00’ 207 P N NN F g N}

Complex Arithmetic

The (=) key allows you to work complex arithmetic using two variables. The (=) key
operates using (simultaneously) register sets X & | and Y & J. Here are the functions:

Function Keys Results
Accumulate + (xc4) [+ X—|
J+ Y-
Accumulate - () (aees) = X—1
J=Y->J
Recall Total @ (aec?) I — X m‘;g:::.::"w
J— Y ENTERED)




Solve this example problem:

(2x + 3y) + (4x + 5y) — (3x —6y)

PRNTER
ore

Set .

(registers | & J must be initially cleared) EMTERT

Clelo

3 @ 2 (wc+) (store first term)
5 4 (xc+) (add second term)

6 (<) 3 (=) (=) (add third term)

) & (=)
OIS

Statistical Functions

CLEARS
FI &
. B
2.0
ROo+
5,88
EMTERT
4,84
Hi L+
-, 8
EHTERT
.88
ACC-
F ARCC+
FRINT
(x) .88
s
‘EINT
{y) 14,848
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Two important stat functions are availabie on the keyboard. They use storage registers C,
D. and E; so be sure to clear the registers before doing a stat operation.

Function Keys Resuits
Summation =) X+C—-C
X2+D->D
number of entries —E
Delete Entry | (] (=) C-X-C
D-X2->D
number of entries —1 — E
Basic Stat [ ] [:j mean (X) = X

std. deviation (o) — Y
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Find the average (mean) of these 10 numbers: CLREAS
62 84 47 58 68 60 62 59 71 73 - G, B0
S
::;msn E - '-:" ’-:1
Set m% S+
S+
oG08
LR+
62 (=) 84 () £58. B0
a7 () 58 (2] S+ o
LB, 6H

68 (=] 60 (=) S+
62 ()59 SUMe
71 G5 73 () un, | OEEE

T
St
MHLST
pm poLg T
RN
mean {x} -:_. 4, 4 '-.:"
L e WS
T
1 T LY
rm i
standard . i
TH,. W

deviation (o)

Since we have not cleared the storage registers yet, we can add more data items, say 49

and 73, and find the new mean.

49 (=] 7. (=)

e Cooo3

- {new mean) e T B
That new mean seems too low; let’s check the total number of entries.

() {nis correct) { = St’__r'

Oops! That last entry should have been 73, not 7. Now delete the wrong entry, add the

correct one, and compute basic stat again.
ATBIEY
73 (=)

Ro | B i R |
- @ (correct mean) o B A |
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Printer Control

The preceding section showed you how the built-in printer complements the display, allowing
you to record the current number in X by pressing @ . Here's a brief review of all the printer
functions already described:

Printer Functions

Function Keys Resuit For more
details see:
Print X r\m Print number in X.
PN
- - (n)| Numbers appear in FIXED (n) decimal point
format .
Set printer (and | @D Cor) (' n) Standard scientific format is set. page 10
display) format
%1
L] @ (n) Special scientific format is set
/‘L‘: .
Print stack - el Print contents of the stack. page 9
L1l (]
Print all w Print each keyboard operation. page 119
Error messages —_— Automatic printout of keyboard errors and (inside back
status conditions. cover)

In addition to all of those functions, the printer gives you alphanumeric capability and valu-
able programming aids. Each of the programing functions is described further in Section 3.

Additional Printer Functions

Function Operation Result
Print alphanumeric labels and ] 1 i‘::: e Alpha message printed.
messages
Print a number within the alpha f»;-J Number in X included
message ——re In alpha message.
Program entry - List program steps as
ok

they are keyed in.

List program ust List program memory.
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Manual Paper Advance

Use the thumb wheel next to the printer to manually advance the printer paper. Paper
advance is also controlled when printing alpha, as explained next, and by a programmable
instruction called SPACE.

Printer Paper

Three rolls of thermal printing paper are supplied with each calculator. The message “OUT
OF PAPER" appears just before the printer runs out of paper. To load another roll just remove
the old paper core and then follow the diagram under the calculator top-cover. A complete
procedure is in Appendix 3.

Printing Alpha

The Key

The Alpha mode is accessed by using the key. This key is also used to access control of
external devices, such as a plotter. As shown on the key, pressing once “calls" an
external device, while pressing the key twice sets the Alpha mode.

After (@=) @%) has been pressed, the word “"ALPHA" in the display indicates that the mode is
set (the numbers in the stack are not altered). Now press the required keys to form the alpha
message, the available alpha characters and their corresponding keys are shown below.
After the last alpha character is keyed in, terminate the mode and print the message by
pressing (@) again. If your message is longer than 15 characters, the line will be printed
automatically as the 16th character is keyed in.

BOE @@ (g (i) ) aE =
T O @ () (7l (00 @E -
) B (@ my (B (vy (a)ls)is, (=) () 1w

(FJ Gy (AL Ty 1 dg (’é‘) fi, 0z, (3 {E‘; ] [E L ]
(R (L) (g 1y a (.ulm) i@ ) oewume | fol S:J:D

Alpha Mode Keyboard
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For example, to print the aiphabet:

Press
EE O e | ALFHA )

X Al z

Notice that the first line was printed automatically as the 16th character (P) was keyed in.

Alpha Control Keys

These contol keys are available when the Alpha mode is set:
wwwe  prints all preceding characters and advances the paper one line. Successive NEW
LINE instructions advance the paper, one line at a time.

if":'j,' Inserts a blank character space in the message.

NOTE
(ye) and (&% are not alpha control keys. Pressing either
key inserts a blank character space in a keyboard alpha
message.

@ Shifts the keys (+ ) through ((* ] to their alternate European characters. To reset the
primary characters, press il again. The other alpha keys are not affected by the @ «ey.

@ Prints the current number in X within the alpha message. The number appears right-
justified on the line (uniess alpha characters follow the number) and in the current number
format.

For example, suppose you wish to label and print these three numbers as they appear in the
stack: '

Zz 12.00 (N)
Y 123.45 (S)
X 1,234.56 (Totaf)
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Press

se o ne (place "N in X)

~ ~—~——

Aﬁ‘"’:‘; .m}} N @ "‘""'“ m - AT
iy < i R

‘a+ | (place "S" in X)

) @) (B0 () () (5 e -
— s =z H = -
"+ | (replace "total” in X)

'CALL:) LCALL gorg) | o GoTor | & [
ALPHAS  ALPHAS L J

T T
TN
{ — .
. | Taw @ w (mm e
= S

Notice that each number appears right-justified on the line, and that the Alpha mode must be
terminated before the numbers in the stack can be moved.

The number will always appear on the same

line as the message provided that there is

space for it. When the space is too small, how-

ever, the entire number is printed on the next

line. Here is how the last line of the previous ToTAL =
example would appear using a larger number »

[

Vit
Je
oy

Alpha characters can also appear on both sides of the printed number, as shown in the next
example. In this case, notice that both the number and the characters following it appear
right-justified on the same line.

To print “LENGTH = 2.54CM",
2.54 (E5) E5)
OO ) @ fem 5

|
i

oy

But when the number becomes too long to fit
in the space available, first the trailing charac-

o
(N}
[}
-
|
+
I
[
|
]
Ty

ter(s) are printed on the next line #

And finally the number and its trailing charac-
ters all appear on the next line $

DOVEN T

You'll find more examples using printer alpha in Sections 3 and 4.
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Cancelling the Alpha Mode

It you make an error while doing a keyboard alpha message, the Alpha mode can be cancel-
led without printing the message by switching the mode switch to PRGM and back to RUN.
This operation does not affect the numbers in the stack or the program memory.
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Programming

Introduction

Up until now, this manual has shown how the HP 9815A works for you from the keyboard: you
enter numbers and press operator keys — the calculator does each operation instantly and
leaves the result in the display. But you also have a more powerful feature than is available on
most calculators: complete programmability!

Simply stated, programmability means that you can enter each of those key sequences that
you've been doing from the keyboard as program instructions in the memory. Then tell the
calculator to run them for you whenever you wish. So each key sequence need be pressed
only once and the calculator will do it from then on.

Complete programmability means that every key sequence previously described can be
programmed. It aiso means that there is a full set of p?ogram-control functions, such as: sub-
routine branching and labelling, “IF" instructions for making computed decisions, and FOR-
NEXT instructions for repeating program segments automatically.

The program-control functions are grouped
into one area of the keyboard, as shown on the
right. The functions shown below keys (+ )
through (o) are automatically available when
the mode switch is set to PRGM. All of those
keys are programmable except for the editing
keys:

MEMOAY OELETE  (NSERT
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Program Memory

The basic program memory contains 472 steps, numbered from 0000 through 0471. Each

—_

step holds one program instruction consisting of either a svjngle keystroke (e.g., + . smwr

S—

“sw)) or a combined key sequence (e.g., "\sv:n:z . f@ ). Appropriate key sequences
are combined automatically as you enter the program. In some cases, combined key sequ-

Fix
-

. S TN TN .
ences cannot be stored into one step (e.g.. D s 3, lstomel . § \ﬂ ), SO an additional

— ~— e NS

step is used. Examples of this appear in the first example program.

Step 0000
As shown on the right, part of the program
memory is assigned to data storage when the
calculator is switched on. If you wish to assign
those bottom 80 steps to program storage, the ( 222?;32‘
10 data registers can be deleted by pressing
(=x) @B (=) _ For more details see "Addi-
tional Data Storage” in Section 1. Step 0391 ‘
Reg 009 } data
Reg 000 storage

The basic memory can be expanded to 2008 program steps by ordering calculator option 001,
or to 3800 steps by ordering a 9815S. The extra memory is normally installed at the factory.
However, if you wish to have it installed at a later date, contact your HP Sales and Service
office for details.

Clearing the Memory

It's recommended that you clear the program memory before entering each new program. To
erase the program memory, without aitering existing data storage or the stack, switch to the
Program mode and press @ @ . To clear the entire calculator memory (program and data
storage), switch the calculator off.

Here is a quick preview of the general program controls and keys to be described next:
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Program Controls

“we
sraar Set to enter program steps. The display format is:
*aGM
Ll_-ll-_l'll'll'll-l l‘tl_l‘:_'l]
o DR RN [ e B N
current step aadress steps 10 end >f memory
maren
- Set to list each step as it's entered.
o
Program An internal mechanism controlling the current step displayed, printed, or
Counter executed.

i step N

i go 1 i i . m
{sa o) ( addrass.) Press to set the program counter to the indicated address. Programmed

GOTO instructions send program control to the indicated step address.

@ Press to set the program counter to step 0000. When executed in a
program, END also halts the program, and clears all program flags and
subroutine nesting levels.

Press to start or stop program execution. When programmed, this in-
struction haits the program.

() Press to print a list of program steps from the current step address to an
END instruction.

) Use to stop the program for about Y& second and display the current
- number in X.

([ Use to advance the printer paper.

) A No OPeration instruction is used to provide a blank area in the prog-

ram for later use. The entire program memory is filled with NOP's when
the calculator is switched on or the memory is erased.

The Program Counter

The program counter is an internal mechanism that determines which program step is dis-
played, printed, or executed. Many programming keys and instructions control the operation
of the counter, allowing you to enter, edit, run, and record programs.
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The program counter can be set to any desired step when the Run mode is set by pressing
wn] and the number (or “address”). As when specifying numeric register names, you need
nat key in the entire address, just key in the significant digits and follow it with a non-numeric
key or @ For example, to set the program counter to step 0025:

aun
Set ur
onan current step address
. O R o Y o e Y g [ N
Press either 25@ or (s} 0025 [: L Tuuc | :J

steps to end of program memaory

L0
Now set M

The display indicates the current step address and the number of steps available for prog-
ramming to the end of memory. This latter number reflects any steps assigned to data storage
or a peripheral interface."

To manually move the counter forward or back while you are entering a program, press (s or
&%) . The counter advances automatically as you enter program steps.

The program counter is automatically set to step 0000 whenever you either press (in the
Run mode), or switch the calculator on, or erase the program memory.

Entering a Program

The general procedure to enter a program is:

1. Set me! | and press (ww) (beginning step address). When the first step is to be step

0000, you can press instead of using )

nTER

2. set o |

3. As each step is entered, the printer lists the step and the program counter increments
to the next step address.

4. The last step of each program should be END.

A small portion of the program memory is automatically assigned to each interface piugged in when the calculator is switched on.
See each interface operating manual for details.
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Printout During Program Entry

The printer automatically lists each step ad-
dress and instruction when its switch is set to

Y
.2

i iati - pEls 2
NORM. A portion of a program listing, which AE1% EHTER+
calculates 2 + 5 and prints the result, is shown GRZE =
on the right. When the Program mode is set, gaalo+

A1
)
-
con]

v
A

-
L

the printer also lists each step as the counter is
advanced with (=) .

To list any portion of a program, set the program counter to the first step and pressi i To
stop the listing, press . The listing stops automatically after an END instruction is printed.

Display During Program Entry

As you enter a program, the display normalily
shows you the current (program counter) step

address and the number of steps still available [ or-nnoc oo 7j
for programming » U N I I W L

But when you are entering a STORE or RECALL [ TN ET: e ——— J
instruction, the display looks like this # [ S W Ul e T e N R R E NN

A numbered register name appears on the right as it's keyed in. Other special displays appear
when branching instructions are being entered; see “Branching” and “Labels".

Running a Program

After the program has been entered:

1. Set ,"“.'."'ﬁ

2. Set the program counter to the first step of the program.

3. Press (@ Display ( ________________ }

The program now runs automatically until it encounters either a STOP instruction (e.g., to wait
for keyboard entries) or an END. While the program is running, the display appears as shown
above, unless PAUSE instructions are used to display the current number in X. To manually

stop the program, press .
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Example Programs

First let's enter and run a simple program to count by two.

To find the key sequence needed to count by two from the keyboard:

o]0 L
0o {
Blo {

1™ —
o
1™ -
3

I n]
T o« 0t

-
I\

0N
™~
-

21
23
2

~

It looks like we can key in the basic sequence once and have the calculator repeat it by using
a GOTO instruction (more uses for GOTO are described later). Also, let's set the number
format to “FIX 0" and add two PAUSE instructions so we can view each resuit.

Here's how to enter the program:

Set .‘:‘.‘.?.a and press to set the counter to step 0000.
Set ;,"E ::
Press
_ISIEEDIS BEAE FIX 5
BEBZ CLERE
) ) Haas Z
(Lo )2 (4) AEa4 ENTERT
HEEY PRUSE
AEAS PRUSE

Look at the listing and decide which step the program should return, in order to repeat the
counting sequence. Then enter that step address to complete the GOTO instruction:
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L]
AUTO
STARY

MGM

To see if the program runs:

Ty )

N
i\(lﬂl

/@)
N

this program, the program will run until you
stop it.

-
]

-
|

-~
|

Since the END instruction is not executed in (

)
°
[ ]
If the program did not run correctly, first check it by listing it:
(o) @) GEgE Fli @
Ba8: CLERE
isti ; i BREE 2
If your listing does not Fompare with this one # SOG4 EHTERT
enter the program again. HEGS o
dEge +
HEEyY FRUSE
BEEs FPRUSE
gaas QOTo FHET
gEil EMD

There are four basic steps in creating a program:
1. Define the problem (we wanted the calculator to count by two);
2. Decide how the problem is best solved (we tried the key sequence from the
keyboard);
3. Write out the steps for the program;

4. Enter the steps into the calculator memory.

Since our counting program was quite simple, we combined steps 3 and 4. But for most
programs, steps 2 through 4 will not be as easy. One method that will help you decide how the
problem is best solved is flowcharting. Once you have a solution, use the program pad
supplied with your calculator to write the program steps.
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Flowcharting

A flowchart is a diagram representing each program operation. Usually, each symbol in the
flowchart indicates one complete operation, rather than just one step or instruction.

Some general flowcharting symbols and their meanings are shown below.

Symbol Meaning

< ) The terminator represents the starting or ending point in a
program.

The notation within a function block indicates one portion
of the program.

‘ — Flowlines indicate the direction of flow in the chart.

The notation within a decision block indicates what com-
puted test is being made. One flowline enters the diamond
and two or three lines exit it. Two exit flowlines are usually
labeled “yes” or “no"”. The IF and FLAG instructions de-
scribed later are used for making computed tests.

When it's inconvenient to draw a flowline between two or
maore points, connectors can be used. In this case, the "A"

@-—o connectors indicate that the lines going to and from them
are connected.

Here is a flowchart of the preceding example program:

=

Set FIX 0
Format

Clear Stack

Enter 2

Ada 2

Display Result

1

Go to step 0005
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Area of a Polygon

Now let's write a program to compute the area of any regular polygon, given its number of

sides and length of a side. Use this equation:
A = %NL? cot 180

N
/<( When: N = number of sides
)/ v L = length of each side
cots= ——r
tan 4

Here's a flowchart and explanation showing one method to write the program:

1. Set desired number format. ( Start )
2. Set degrees units. ‘
3. Clear X before number entries. Set Number
. Format
4. Stop for number entries.
5. Print and store N.
Set DEGREES
6. PrintL.
. 7. Compute area.
) Clear X
8. Label and print answer.
9. Space paper so answer is above printer 1
window. STOP
Enter ‘
N— Y
L— X
Print and
Store N
Print L

Compute Area

Prnt Aren

Space Paper
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Here's a list of the program steps written using the program pad:

[ HEWLETT- PACKARD

@)} HEWLETT- PACKARD

J HEWLETT- PACKARD

[,

{#] HEWLETT - PACKARD

HP 9815A PROGRAM FORM

PROGRAM TITLE Areu o( (o po)\mmn PAGE __]_ OF __| _PAGES

memory size X standars 472 steps 4 oate Mae 17 1976 rrocrammer_K Mg sey
E] Expanded 2008 steps
HP 38624 P 98TIA ToTAL RecisTers seT ]
i o]
peripnenaLs (] 5;".’3:'72 steps.) ("L;;::'OO steps ) (?JT:.' 8steps.) d (u':: 8 steps.)
STEP 4| INSTRUCTION REMARKS STEP # | INSTRUCTION REMARKS
0 EQL} space far no. format 50
1i__NoOPp set de.%cees 5
2] DEGS s2
3ICLEAR 3
] STop &= cnler KoY L5 X hece [
s|_ xX=Y 55
] - 56
> ”S@r‘g“; print N and L -
8| _X+Y store N 58
9] PRINT 58
W01 ENTER 60
11 X 81
12 AsY 62
13 4 3
14 - 64
15 X 85
T - compote area %
17 [} 67
18 [~} )
9| RCL A 0
20 <= 70
21 TAN 71
22 Yy 72
73

~
w

X
2 | PRINT | 74
25— 78
26 A 76
27 E \ 7
28 N 78
A label snd print ans. 2
30 [ ( RIARK) 80
n < 81
2| PRINT 82
2| END £ 83
M| SPACE 84
35 SPAQE as
% | SPACE space paper up 36
37| SPACE a7
% [Gotg 3| =3 rc.peu* progam a8
39— as
W[ END %
41 91
42 92
43 93
44

45 95
48

47 97
48 94
49 99

NOTE: The following instructions require two program steps. All others require only one step.

« All storage instructions involving numbered registers or indirect storage.
* Ali branch instructions, except computed branches.

« All display formatting mstructions.

* Any instruction beginning with CALL ALPHA.

« All labeis.
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To enter the program, first erase the program memory.

PRINTER
aun orF
Set and
PAGHM L]

Press

)
X
=
!
=3
22
23
3

nnnnj

MEMOAY  DELETE

Now enter the instructions:

Do @)@

go| MOF
(2) (=) =) D (=) (=) aas Dens

83 CLEARE
(=B ety
HEOOE FEIRAE L
CO0O® e 33 PRINT

EHTERT
E@mOe

DOE®E S D

LY b
R

4

AN NN AN AR AU UMY

VT S O D O O TR 0 o T O R0 T O e a2 D R D O N

DO IR BN 1 I ORI R e o IS
|

T i 1
5 5
Set s B RCL A
o @

p—
s

AR R R RO N A% NN K I:::I F.Ea | KX f‘:l (RN R el i e e S e el Ll ol )
w ..l -

b o T o i w B Y RSN Y P

DV WD R BRI S O R R x|

DDA DA R U R AR

L1

5]

HIa

A3l =

A32 PRINT
H23 EMD
a4 SFACE
BE3S SFACE
BEZs SFPACE
BE37 SFACE
gEss GOTO HEES
aadn EHD
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To start the program:

e )

Uy
NGy
™ -
D]
4™ -
3

Now enter values for N and L into Yand X,
respectively:

s (=)o (®)

ARER =

The calculator is now ready to accept another set of values for N and L. Here are some
examples:

SRR
DU Y

o x)

a

™

pu

i
O =
[ O

fa

D

(X

]

N

m

o ]

I

The NOP instructions at steps 0000-0001 provide space for you to enter another number
format, if needed. For example, to enter a “FIX 5" instruction at step 0000,

Press

Set ;'Eg

Press

FIX
- @ g
it x

,.
2
fen]
"
N
D]

L}
et
fl

Set &

Now list the program and note that the new instruction replaced the two NOPs.

If your program does not run as shown here, first compare your program listing with the
sample shown. When you find the error, set the program counter to that step address, set the
Program mode, and re-enter the program from that point on. Later in this section “Editing
Programs™ shows how to insert and delete program steps.
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Labels

* 115 iabel names are available for naming programs or subroutines: they are (abels A through
O and labels 00 through 99. When keying in one-digit numeric labels, be sure to follow each
with either a non-numeric key or O .

e Each labef requires two program steps.

e Labels A through O are also used with special functions (see Section §).

* if a branching instruction specifies a non-existent label name, “LABEL NOT FOUND" is
printed and the program is halted at the branching instruction.

e When the same label name appears more than once in the memory, any branch to the label
goes to the one closest to the beginning of the memory.

A label is a programmable aid used to name a location in the program memory. The label
instruction is entered immediately before the program segment to which it refers. Then the
program counter can be set to the label location by using any appropriate branching instruc-
tion, such as a GOTO.

Using labels provides a method of addressing program segments which is compietely inde-
pendent of step addresses. So, when step addresses change due to program editing, label
addresses need not be changed.

A time-saving technique often used when entering and debugging programs is to use labels
wherever possible for branching. Then, as steps are inserted or deleted to complete the
program, the branching addresses stay valid even though step addresses change. Once the
program is running, the labels can be removed and the branching instructions can be
changed to use step addresses.

NOTE
Since labels A through O are also used for special function
names, it's recommended that they not be used in programs
where special functions are also in use. Otherwise, pressing
a special function key could start the program running at the
label location, rather than run the intended special func-
tions.

A label name is entered by pressing (e and the desired name. As when keying in numeric

register names, you need not key in the entire name (see below). Each label requires two
program steps.
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For exampile, if you are entering a program and wish to have “label 01" located at step 0050:

@1@or@o1 GE43 e
gase LBL
---- a1
HESE e

And to enter “label C" at step 150:

(aee) (<) #143 e
#1358 LEL
- ;:
Bisz e

The dashed line is included with each label to help you find the label in a long program listing.

Here are two labelled segments at the end of a program; label 05 calculates (A x B)/(A + B)
and label 06 calculates .7071(X).

gleg LEL 4111 LEL
---- A5 ---=- H&
araz ST0 E @11z .
dles Ay a114 7
dlad4 STO H @113 @a
alas = a1le 7
Bige RCL H #1171
giay ECL E a11s =
Bles + @113 FIks 4
H1E9 - A1zl EHID
aile MOF

Program ex&cution can branch to either label 05 or label 06. If the program branches to label
05, however, both labels will be executed. For example, to have the program branch from step
0055 to label 05:

@) @ s () BES4 e
ARSS GOTO Las
GaSy e

Once the labelled segments are entered, you can also run them from the keyboard. To run

label 06 enter a value in X and press (caee) 6 )

If you wish to run label 05 without label 06, replace the NOP instruction at step 0110 with a
STOP instruction.
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Branching

An absolute branch sends program controf to the specified Pl adsd[f:ss N
address or label. (9815S users, see Appendix 2.) - -

oo, aw  labe S

— Y—— . name .
A computed branch sends program control to the address or label - ":}
indicated by the current number in X. -

e e | x !

Joror ey | x

¢ Absolute branching instructions require two program steps.

* The entire step address or numeric label name need not be keyed in; just key in the signific-
ant digits, followed by (ﬂ or a non-numeric key.

* If a step address that Jgeeds the available program memory is specified, the program is
haited at the incorrect instruction and "ILLEGAL ADDRESS" is printed.

* ltabranchis made to an unavailable step address the program will go to the previous step.

» If a non-numeric key is pressed directly after [ww;  a “GOTO 0000" instruction is au-
tomaticaily entered. To cancel an incompleted GOTO instruction, press foe -

A branching instruction causes the program counter to go to a location other than the next
sequential step in memory. Program execution then continues at the new step.

Two kinds of branching instructions are available: absolute and computed. An absolute
branch causes the program to go to a fixed memory location (either a step number or a labe!
name). The first sample program in this chapter contained an absolute branch. The general
sequence for entering absolute branching instructions is:

(/, step ) or (@ LABEL If ~ label \)

‘.address ‘. name _/

As when keying in numeric register names and numeric label names, you need not key in the
entire address; just key in the significant digits, followed by ( * | or a non-numeric key.

A computed branch causes the program to go to a location indicated by the current number in
X. Depending upon the branching instruction, the absolute integer portion of the number in X
indicates either a step number or a numeric label name. The general sequence for entering
computed branching instructions is:

) (x) or () () ()
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For example, to branch from step 0031 to step 0100:

soror 100 @ or st 0100 & °
gREl GOTL Fiag
P °
And to branch from step 0050 to label A:
ioovo] Lnn} @ or lgoTo @ .:1;,:14_3
3852

To branch from step 0150 to the step indicated by the current number in X:

(soro) @

=
Lt

gt L)
L
[ )
|
[

AN

-
Y
o ot
DRI e <

ot

U
e

-

And to branch from step 0300 to the numeric label indicated by the number in register A:

oo () () @] () 3235 e
HaF3 mit H
B301 e

Notice that each absolute branching instruction uses two program steps, while each com-
puted branch uses only one.

When you are entering a GOTO instruction, the

display appears like this # 0025 A-0000 }
The branching address appears on the right as

it's keyed in.

But when you are entering a “"GOTO LABEL"

) . ) . . [ A Y i R O g [ B Y i
instruction, this display is shown $ (' e J UL A N }

A numeric label name appears on the right as
it's keyed in.



Here is a part of the “Calendar” program avail-
able on the Utility and Test Cartridge. The be-
ginning of the program requests a date (day,
month, year) and calculates a number between
0 and 6 which indicates the day of the week.
The number is placed in X after step 0148. This
sequence shows how a computed branch at
step 0149 is made to the label indicated by the
number in X.

If you wish to run the program, first insert the
Test Cartridge into the tape drive and press

fewes.

Then press

=lololels

Now enter one or two-digit integers for the day,
month and year:

(@) 1) (@)

The program is now ready to calculate another
date.
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IF Instructions

e |F instructions make decisions using current numbers in tr'we stack or program flags. If the
condition is “true”, the next program instruction is executed. But if the condition is “false .
the next instruction is skipped.

+ These IF instructions are available.

To enter: Press:
X < Y BN
fX=Y ::J 13 $ The[_:jkey need not be pressed.
X =Y oGy
—_— T
IfXis + )

If X is — Q@

el GER
ItX =0 (o
If flag n is set @@(n)
If flag n is clear @@@(n)

* The three "IF X & Y" instructions compare the entire number in each register, including the
guard digits which are not displayed.

The IF instructions enable the calculator to make logical evaluations based on either the
current numbers in X (and Y) or the current state of program flags (flags are described later). If
the evaiuation is “true”, the next program instruction is executed. But if the evaluation is
“false", the next instruction is skipped.

The step following an IF usually contains a branching instruction, which creates a most power-
ful means of branching. For example, step 0026 in the following sequence is an IF instruction
which compares the numbers in X and Y. If the number in X is less than Y (result equals “true”)
step 0027 is executed. But if X is equal to or greater than Y, step 0027 is skipped.

Print x v

l (o to 005 1)
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Eight IF instructions are available. They ask the questions:

Evaluation: Enter:

Is X less than Y? (:;j @ HBZe IF s

Is X equai to Y? L @ geze IF H=Yy

Is X greater than or equal to Y? @ @ Baze IF Hzy

Is X negative? @ @ BEes IF -

is X positive? @ @ Bde3 IF +

Is X equal to 0? GO o ) BEES IF &

Is Flag n set? COED(n) G135 IF SFG S
Is Flag n clear? COEE(n) @135 IF CFG 1

The( ) key does not have to be pressed to enter the first three instructions shown above.

You may recall that the first program in this

: ‘ QEBEE FIX 8
section (“count by two") ran until you stopped HEEE CLERR
it. Here is the same program, but now it will HEEs =
stop automatically at 100 because of the IF in- gads ENTERT
struction. As the program runs, step 0013 gggg :
compares the current result with 100; step HAAT PARUSE
0014 is executed as long as the result is less HEas FRUSE
than 100. But when X = Y, step 0014 is skip- :::t.jll“; é
ped, ending the program. a1l &
BALZ Hy
HEL1Z IF #ay
dEld GATo HEns
gl EMD

The next program calculates N! (N factorial) for values of N from 0 through 69.
NE=NN-=-1)(N-2)....(N=N+2)(1)
0! = 1(by definition)

Forexample: 6! =6x5x4x3x2x1=720
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Here is a flowchart and listing of the program:

Enter N — X
{ BEEE F1X g
(7 ) GEBEZ PRINT
Start -
BEpz 1
gaag STO E
BEES IF Wiy
Set FiIX 0 SOGe O TA S
Format aaae G ITI.T.U HR1S
HEEGE s29
BEE? STO# E
Print N ]':”::‘ 18 =2y
AEil -
a1z 1
aatls GOTo HEas
p=1—reqg 8 BR1S RCL E
dale PRINT
HE1TY SPHCE
Is ves Hals EMD
N < 1?
A
no p = N!
Muitiply
pxn=p
Recalt and )
Print Nt n = current multiplier term
Subtract (N.N-1.N-2 etc)
n-1=n
p = partial result of N!
( Eng >

After entering the program beginning at step 0000, set the Run mode, enter a value for N, say
13, and start the prograrh:

13 () () EF

After the results are printed, the END (step 0018) halts the program and ressts the program
counter to step 0000. Now you're ready to enter another value and run it again.

N
N1

Y et
Lt

-4
D
[N
WX
o
3X
pons
M

The step following an IF need not always con-

tain a branching instruction. For instance, the B2E1 IF Huy
sequence on the right checks the numbers in X daz28s ROLLY
and Y and prints the smaller number. Mokl FRINT
Hzid e
Here's another example, which replaces X with a °
its absolute value by changing its sign (step I IF -
0202) if it's negative. SR -
0 o

You'll find many examples using IF instructions in the rest of this manual.
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Subroutines

A subroutine is a program sequence used many times, but stored only one place in the

memory.

« A GOSUB branching instruction “calls” and runs a specified subroutine. The last instruction
in the subroutine is RETURN, which causes the program to return to the next instruction
following the GOSUB.

« GOSUB instructions can specify absolute step addresses or label names. or they can be
computed branches. The same rules for entering GOTO instructions apply here

e Subroutines can be “nested’” up to seven levels deep at any time. An attempt to nest to an
eighth level causes the program to hait and print “GOSUB OVERFLOW"

* Pressing (=] or executing an END instruction clears all subroutine nesting levels.

¢ Executing a RETURN without a corresponding GOSUB (i.e., a return address is not avallaple)
causes the program to hait and print “MISSING GOSUB™.

« If a non-numeric key is pressed directly after {+) , a "GOSUB 0000 instruction is

GO sus

automatically entered.

A subroutine is a sequence of program instructions which is used many times, perhaps in
several different programs, yet need be stored only once in the memory. A program can
branch to (or call) a subroutine at any time by using a GOSUB instruction. Then, after the
subroutine has been executed, a RETURN instruction located at the end of the subroutine
causes operation to resume at the step (“‘return” address) following the GOSUB. Using sub-
routines saves both considerable space in the memory and program-writing time.

The following program segments show subroutine branching.

(Main Program) (Subroutine)

o

(A

e v
DU U RO
¥ 0n

RN

ot
TN

Fold T3 [ o)

v
>

Program control branches to step 0050 and executes the subroutine. At step 0075 the RE-
TURN instruction sends operation to the return address (the next step after the GOSUB
instruction).

A GOSUB instruction can call a subroutine by specifying either a step address or a label
name, or it can be a computed branch similar to the GOTO instruction.
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For example, to call a subroutine beginning at step 0200 from step 0050:

200 () G043 e
oo sus AE5E CosuUE
HRs2 e
Or to call a subroutine beginning at Label C:
(0 @ (D or () ) CEEERE
o sue o0 sus SESEe Gosdg O
SR BRCR

To call a subroutine beginning at the step address indicated by the current number in X:

i@ 3043 e
e 9858 GOSUE
ABS1 e

And to call a subroutine beginning at the label name indicated by the number in X:

) @ (x)

GO sus

o

[ J
COSUE L
°

—
ORI

.,.
KN

DR WA

DAL T

[ ]

"
LA )

Notice that each absolute GOSUB instruction requires two program steps.

Nesting Subroutines

Although any number of subroutines may be called individually during a program, it is alsc
possible to use more than one subroutine at one time. The action of one subroutine calling a
second subroutine which, in turn, can call a third subroutine, is known as ‘‘nesting”. The
calculator can remember up to seven return-addresses at a time, so that subroutines may be
nested up to a depth of seven. Calling an eighth subroutine without first returning to at least
the sixth level causes the program to halt and print “GOSUB OVERFLOW".

Returns are made on a “last-in, first-out” basis, the return always being made to the last
return-address remembered. As soon as the return is made, that return-address is forgotten,
so that the previous address now becomes the last one. Thus the returning order is always the
opposite of the calling order.

NOTE
When preparing to run a program which nests subroutines,
press to insure that all seven levels of nesting are avail-
able. END automatically erases any return-addresses to
which the return has not yet been made.
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Example Program

The next program uses a subroutine based on the N! program shown earlier. This program
calculates the possible combinations of n objects taken k at a time. For example, if a box
contains 15 differently colored balls (n), how many possible color combinations (c) are there if

5 balls (k) are selected (and then returned) at a time? The answer = 3003.

The formula used in this "possible combinations™ program is:

n . H
Cy = Tn=wn

The program calculates C for any values of n and k from O through 69.

Here's a flowchart and listing of the program. A flowchart of the N! program is on page 52.

BEegn CLEAR
pEdl STOF
(j Start 4) BEEZ A=Y
BREz STO H
AEEd PRMT
Clesa;géack AEGE N )
dapny =
Enter n— Y dEaRs PRINT
k — X a3y EMD
v AalE Ky
e e AELL STO E:
k—reqg B 9812 FEMT
FEid K
1 HE1s =
Subtract n - k dEale FRINT
BE1Y EMDx
gatls -
dRl9 QOSUE QG643
Goa@sfm Subroutine BAZL ST [
— HEz2 RCL E
HEZT GOSUEB HiEad s
AEZS STOs# o
e G826 RCL A
T ?@g? GgSUE AEd s
NI — X HE23 RCL C
gz <+
GOSUKB, to find Subroutine ] "3l F F' BT
5 B I I
gusd =
Store ":‘; -L‘.-‘ ] E F’ F-f I H T
kt(n-k)! —reg C BESe ENDC
BE37 SPACE
é AW3E SPACE
BEZY SPRCE
AR48 SPACE
dadl G0TO HRE9
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®
' BB43 STO I
E

. ge44 1

GOSUB to find [~

nl . Subroutine BB.;E] E;Tij
AB4s IF HzY
‘ BR47 GOTO

Py BE43 M2

K1k} ABTH STOx E
BESL H2Y
! HESZ2 -
Frin aass 1
aa54 GOTO BEd 6
BESE RCL E
Space Paper BE‘S? F’HUSE
3 lines BB5E RETURH

2% EHD
=

Lt
=
(2]
[ug]

You need not key in this program, since it is on the Utility and Test Cartridge supplied with the
calculator. To load and start the program, first insert the test cartridge into the tape drive and

press .

Then press

Now enter a value for n in Y and a value for k in X:

Press

Hoilh

Before the final answer appears, the display will flash three times, showing the results of the
factorial subroutines for each value of N {n — k, k, and n respectively).

The N! subroutine could also be run “stand alone”, by entering a value for n into X and

pressing 43 .

Pressing is needed to clear any return addresses in the calculator.

When running the subroutine “stand alone”, it stops with N! in X. The error message “MISSING
GOSUB" is printed since there is no return address for the RETURN instruction at step 0058
(ignore the error in this case).

(:!
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FOR-NEXT Loops

e FOR-NEXT instructions allow controlled repetition of program sequences. Three sets of
registers are used: A & F, B & G, and C & H. The first register, the loop counter, is in-
cremented after each pass of the loop and compared with the final value in the second
register. The loop is exited when the loop counter passes the final value.

* The loop counter is incremented by one when A & F and B & G are used. When C & H are
used, however, C is incremented by the value in register D. If D = 0, the loop is repeated
continuously.

* A FOR-NEXT loop is always executed once, regardiess of the loop counter and final values.

+ FOR-NEXT loops can be nested up to three deep.

« |f a NEXT is executed without a corresponding FOR, the program is halted and “"MISSING
FOR STMT" is printed.

The FOR-NEXT instructions permit the repetition of any program sequence a given number of
times. The FOR and NEXT instructions form a loop with the program segment to be repeated
between them.

Each FOR-NEXT instruction is used with a set of data registers. Register sets A& F, B & G, and
C & H are available for this use. The first register is specified in the FOR instruction and is
called the “loop counter”. The second register holds the final (or exit) value. When register
sets A & F and B & G are used, the loop counter is incremented by one each time the loop is
executed. When register set C & H is used, however, the loop counter is incremented by the
value in register D.

In the example on the right, the loop counter
(reg. A) and the final value (reg. F) are first
initalized. The FOR instruction at step 0036 in-
dicates the beginning of the loop. Each time
NEXT is executed, the loop counter is in-
cremented by one and compared with the final
value; when the loop counter is greater than
the final value the calculator exits the loop and
continues with the step after NEXT. In this
sequence, steps 0037 - 0059 are repeated five
times.

—
]
I

i IO
' -

eIm e € & O !

I m
4
’1”!

-
I

HE
B
a5

[ A ]
—
=

Ty n

The FOR instruction shown above was entered by pressing [ * ] (+) at step 0036 and the
NEXT was entered by pressing (« ) ((+) at step 0060. Keying in the first register name
indicates which register set is to be used.
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For many applications it's easier to use FOR-NEXT rather than IF instructions, as in this
comparison of two simple programs which display the numbers 1 through 100 in succession:

Using IF Using FOR-NEXT
o H Gage 1
o ST A AEdl ST H
& ) A e 1
A o gEEs 8
a@gg 1 Fapg o
GEan @ AEes ST F
dRac 8 aoas FOR H+F
Gaay IF & gaay RCL H
apas QOTO daia dEEs PAUS
SRS I faEs HEWT =

G1i STO4 H drtla EMD
o RiTO HiEaz
EME

The program using FOR-NEXT is easier to key in, takes up less memory, and executes faster
than the one using IF

The next example shows how a FOR-NEXT loop can be used to store values into a block of
data registers. The program uses a second FOR-NEXT loop to print the stored values.

aaan 1
aARt $TO =) Printout:
= % : .;5
T STO a3 .
4 FOR B4 3
3% RLCL E E
- e Store 82 -
- - “", s in registers 1e
?H?i (N 1 through 9. 25
gEas sTO0 I B g
AoiE MEXT B 34
GE1L FId £ 4
pRLE o X
AEid STO B o
Bais FOE B+
.':1 B 1 ':-‘ B0 L i E: Recall and
e T T print registers
%1 oL FREINT 1 through 9.
Anl3 HERT E
BEsa EMD
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It's not always necessary for the loop counter to be incremented by one after each pass in a
FOR-NEXT loop. The next examples show how to increment by other values when using
register set C & H and specifying an incremental value in register D. Printouts are shown

below each program.

Increment by 5

e e e e e e e
DDA I I T o
T T Y T AV T Ty e

O A I I A R0

L

A
-
=

DO B R | I P PN

-
A
-

AR
__‘
D]

oy
A

Oy i 00 0 5D Ty

DO
- -
]

WX
—

AR
v

b

1_-':‘

A
vl e [T
._.._l

.
o

—
N

Y
Y
o

OV )

[l el S N S R I X I A R )

Celt [t s o7

—
LR ROY

=y
DA
MU

-
5
-

-
— e e

DA o N R N ]
joiipooiiesrii sy
Da O I ot B o B o B

el [0 s pea
RO N CD O

Increment by —.5

P

FIx
1
:1

STO
+3
2T

. 01 1 T e
DI NN

R

0T T T T
5 50 D

o

Ty e e
DA I IO X ]

iy

JLLI e X
[ e iy e e IS T2
IrMI’—FJCl i
_.4

S AR IR I T It Tt
DA AN IO A B )

Ll e el S o U A N )

I T o T o T R e —
S T T 0T T O 0T O
=

—
o !

1

I e 0 Pl o= 2500 o0 00 = Ty 0 o 0 O
+ .

m ==
—

4

Lol

D B oo |

+HT

+HD

-“w
DA WU R DRI I I O A R A R

. - o y
DU DI I D I U I A U R U )

Increment by =

B3 Fli
BHE
HS ST
Bz
B35
He STO
i

BE i

NIy}
e X

TEY T 0
ol 08 e s W I wm IE S | ~4

5

14 L

11 INT

12 HEST

12 EHID
B, 884848
3.1418
S.4245
12.5664
15.70838
18,2498
21,3911

ot
[an]
-

af o
-
RN

-
>

oy
o

,... e e
DoV 1 RO DO ]
T T T

DA =R

-4 =)

.
L

Y

|

t

|

120 a0 g0
-

—

“al

(RO )
T

I

Lo

LRI M ¥

*HI
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In each example the loop counter is incremented by the value in register D. Notice that the

incremental value can be any positive or negative value. (f the incremental value 1s 0. however.

the loop is repeated continuously since C is not incremented.

The example on the right shows that a FOR-

g14c e
NEXT loop can be exited before the final value Hide 1
is reached. In this case, the values in A and E ?ijr ETU
iga o
are printed when A is equal to or greater than L'-1 { 43 a
E. alsa STO
aisl FOR
@15z RCL
153 RCL
1S4 IF W&y
A1Ss GOTO
ALSY e
°
°
Aley e
@183 HEXT
A1ed PRINT
@178 ROLLY
171 PRINT
aivrz e
Nesting FOR-NEXT Loops
FOR-NEXT loops can be nested: that is, they AEES FOR
; .- (= -l - .
can be located inside one another. Since three AEZE FOR
sets of registers are available, three FOR- °
NEXT loops can be nested at a time. :
' °
dEed HERT
Adel HEST

I

DM

)
—
DUy

Su

s (]

H+F -—
B+

Tnm
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Flags

+ Flags are used for indicating program conditions or making decisions. Flags 1 through 4 are
for general use, while flags 5 through 8 have special meanings.

« Each flag can be set or cleared from either the keyboard or a program. END clears all flags.

« Tosetaflag or enter a "SET FLAG n” instruction, press Z®(n ) .Toclearaflag or enter a
“CLEAR FLAG n" instruction, press &) (&) (/n) :

e Use an IF instruction to check each flag's stafe. “IF FLAG" instructions do not change the
state of a flag.

Flags are programmable indicators which allow the calculator to either make decisions or tell
the user of program conditions. A flag has two states: “set” and “clear”. Each flag can be set
and cleared either from the keyboard or a program. In addition, all flags are cleared by
pressing or executing END, or by switching the calculator on.

Eight flags are available. Flags 1 through 4 are for general program use, while flags 5 through
8 have dedicated meanings.

in general usage, a flag is set by some program sequence or event. Then, later in the program,
the flag's state can be checked to determine a subsequent activity.

The example on the right shows a typical use

, BAZ4 e
for a flag. Steps 0025 - 0026 set flag 1 if the aazs IF -
number in X is negative. Then steps 0035 - daze SFG 1
0036 branch to step 0051 if flag 1 is clear; if A :
flag 1 is set, (i.e., X is negative) the program °
continues at step 0038. HEaz4 e
agIs IF CFC i
Faze GOTO ERSETN
BRI °

¢

Flags can be set and cleared from the keyboard, too. As shown on the key, to set, say,
flag 1 from the keyboard press (1) .Andtoclear flag 1, press (& (D . The same
general sequences are used to enter FLAG instructions. For instance, the “IF CLEAR FLAG 1"

ST
instruction at step 0035 above was entered by pressing ) (3D &) R

Flags 5 & 6 are used to intercept certain error messages. When flag 6 is set, the “suppressa-
ble" error messages such as “OVERFLOW" will not be printed. instead, flag 5 is automatically
set whenever a suppressable error occurs. A list of suppressable error messages is at the
back of the manual.
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Here is a sample use forflags 5 & 6 »

gids e
Setting flag 6 and monitoring flag 5 allows the G148 SFG £
program to continue running steps 0148 - 0194 147 CFG =
until the calculating range is exceeded. When dl4s :
flag 6 is set (OVERFLOW) the program skips to P
step 0198. Higd ® o
@19S IF CFG %
@1%e GOTO ai4s
A198 FPRINMT
@193 CFG o

Flag 7 is automatically set whenever a STOP instruction is executed.! If a number is entered
before the program is restarted, flag 7 is cleared. But if a number is not entered and the
program is restarted, flag 7 remains set.

A typical use for flag 7 is shown in this program

AEZT e
sequence § GE34 CLREA=J
which sums a series of numbers. The user keys fHE3s STOF
. gE3s IF SFG 7
in each data value at step 0035 and presses i il .
, P presse GR3IT GOTO  BE43
, flag 7 will be cleared whenever a value is AE39 SUM+
entered. When there are no more values to en- Aada CLEAR
ter, the user presses but makes no entry), gHd4l GOTO BE3E3
P ( ) Ga43 e

causing flag 7 to remain set. When flag 7 is set,
steps 0036 - 0037 branch the program to step
0043.

Flag 8 is "toggled" by pressing while a program is running; that is, pressing (%:.) changes
the flag's state from clear to set, or from set to clear.

(]
oo
XX
—
LR

As a simple exercise, enter this program $

To start the program, press . Since

flag 8 was cleared by pressing . “CLEAR"
will be printed continuously. Now press to
toggle flag 8 back and forth.

IF SF3
GOTO
ﬁEHTd

ADMr

EHIDI
COTn
FRHT

..._
A
T

hox]
joue

P
ey
X

OO DU IR AT I AT I ko]
NI e e e e e e it U U o I R U oo

T e— W W e e e
DA IR U IO A N ROV kA S
R
WA

(R RO RN 1 BRI e oV I w N M B N ) BN S ]

b BLLEX

EHMIw
SOTO
EHT

]

,.
[}
(]
10
"y
AR

sy
DDA IO IR R

DX IO N
Ly LX)

'When single stepping a program with the (<) key, flag 7 will be set after each instruction.
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Editing Programs

Lists program steps, from the current step address to an END. This

. LIsY . .

- can be done in either Run or Program mode.

=) Advances the program counter. Use in the Run mode to execute
stee

the program, one step at a time. Use in the Program mode to man-
ually list the program.

Program mode only:

Use to decrement the program counter, and to clear an incorrect

key sequence being entered.
Deletes the instruction at the current step address and corrects
DELET
o any affected branching instructions.
new Inserts new instructions at the current step address. Terminate the
@ (kevs) insert operation by either pressing @ again or setting the
Run mode.
Erases the program memory, except assigned data storage, and
wimonr oeETe sets the program counter to step 0000.
Pt Manually sets the Alpha mode to permit changing or inserting
-

alpha instructions.

Program operation can be easily verified and changed by using the editing keys listed above.
Please remember that editing operations are not programmable.

Program Listing

When a program does not run as expected, the first step in correcting it is to study a listing of
the program.

To list an entire program, set the program counter to the first step address and press .To
list only a portion of the program, set the program counter to the first step to be listed (use the
(wo) key) press (#1), and then press to halt the listing.

Now you can compare the listing with either your original list of program instructions or your
flowchart; when the error is found, use the editing keys to correct the program.

A program listing is also a useful reference while single-stepping through the program, as
described next.
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Single Stepping

An easy method of checking a program is to run it one step at a time. This is done in the Run
mode, by first setting the program counter to the beginning of the program, and then pressing
(3er) repeatedly. Each time you press (™) the current instruction is executed, the program
counter is advanced to the next step, and the display returns so that you can view the results.
If the current step contains a branching instruction, the program counter is advanced to the

specified new address.

When a program is single-stepped to a PRINT ALPHA instruction, the entire alpha message is

printed; then the program counter is set to the step following END ALPHA.

Pressing (mmy has no effect on the program when the Run mode is set.

Changing Program Instructions

To change a program step, first set the program counter to the step address (use (sm]), set the

Program mode, key-in the correct instruction, and then set the Run mode.

If the new instruction requires two program steps, but the old instruction uses only one step,
the calculator will automatically shift the rest of the program down one step and, in addition,
renumber any affected branching instructions. Similarly, if the new instruction requires only
one step, while the old step uses two, the calculator will shift the program up and correct any

affected branching instructions.

For example, suppose that this “count by two"
program introduced at the start of this section
is still in your calculator, and now you wish to
change steps 0003 and 0005 so that it will
count by one:

RTER

Press fwn) 3 and set wm and w

avant
G L]

1 (s1e| 1

L]
Now set mw

A RN

O Rt N SN B A I

L2

T T
o T T O

TS T T T T
DU A R RO BN
—
XN

- e —
DA IO IO IO IO IO I B R ]

—
0

[N

"N
=,
T T

-
Dol

o
(R

WA

kA

-
DU b

s

At bal
DL I =S

o~
X

D
XN

-
R

o
[ LS
I
el

-
m
o
-

TR 4 MM
1:::1 ITI
mm

Mmoo
-
B
t

VD D
1
1
(]

4
-
_al

in

pot [T] e
>
m
A
-y

Changing the operating mode terminates the GOTO instruction, just like pressing Q
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To see how the calculator automatically cor-
rects branching instructions when you change
the number of steps in use, change the “FIX 0"
instruction at step 0000 to a NOP:

Press and set ?}ED Baag MOF
5
)
L4
Now set the Run mode and list the program. GOAE HOF
Notice that the instructions were automatically Al CLEAER
moved up by one step and that the GOTO was Bees | .
ted a8z EMTERT
corrected. ARE3 1
BEBs +
BEARE FRUSE
BEay FRUSE
pags GOTO dEndg
ARlE EMD

The calculator aiso automatically changes branching instructions as you enter them, when
they conflict with instructions already in the memory. For example, if you tried to load a “GOTO
0009" at step 0000:

~e
Press and set M.

L") - . - - - - - - . -
novo} 9 and se ";"‘:' HEEE | UTU MUl
L ]

Notice that the calculator corrected the GOTO for you. GOTO sequences from the keyboard
will be automatically changed too! See page 70 for an example.

Deleting Instructions

To delete a programmed instruction, first set the program counter to the unwanted instruction.
Then, set the Program mode and press ..qm] . The calculator automatically moves the rest of the
program up to fill the vacant step and corrects any affected branching instructions.

To delete an entire sequence of instructions, set the program counter to the first unwanted
step, set the Program mode, and then press (_+ ) once for each instruction in the sequence.

OELETE
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For example, to delete the NOP in the last example:

nuN
Press | = | and set ,‘.“.':;g

RGM
AERE CLEAR
DELETE
N the Run m and list the program. e oD
ow set the Run mode P Q AEGE CLERFR
Note that the GOTO address was automatically g 11
corrected. : = EMTERT
| 51
gaad <+
FARS FRUSE
gane FPHUSE
a@ay GOTO RER3
AaEs EMD

Now delete steps 0001 and 0002, since the
program will run without them:

L
Press () 1 and set mm

[ i
=
m
e
e 1

OELETE  OELETE

Each time an instruction is deleted, the step's
new instruction is printed.

Now set the Run mode and list the program

-
m
e

again.

L] l‘l g
rvim

(e I K

—y—

BED

TICT 0 4 e 7

-y
Py
you

- &t

Inserting Instructions

To insert one or more instructions into a program, first set the program counter to the step
address at which the first new instruction is needed. Then set the Program mode, press EQ
and enter the new instruction(s); then terminate the operation either by pressing an editing key
(except “@w org!] ) or by setting the Run mode. The caiculator automatically corrects any

affected branching instructions when the insertion is terminated.

For example, let's insert two more PAUSE's into the program shown above to slow it down.
We'll insert the new instructions before the GOTO:
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- Rl - — -
Press () 5 and set ww { A ]
L
CD [DF_NHHC R j
~o PR ey
INSERT
HEas FPRUSE
PAUSE PAUSE INSERT Ei E’ E‘ ':-‘ F’ F! U E' E

Now set the Run mode and list the new prog- wEaEe CLEARFR

ram. Notice that the + symbol appears in the Sgg} }_

display while steps are being inserted. Then Eiéﬂf‘E PARUSE

pressing (2 ) again terminates the insert oper- @aad FARUSE

ation and removes the F. HEas PRUSE
HEEEe PRUSE
aaey GoOTo HEEl
BEEY END

Clearing the Memory

To erase the program memory, set the Program mode and press CIC ). The program

MEMOAY  OELETE

memory is filled with NOP's and the program counter is reset to step 0000.

This operation does not affect any assigned data storage, the stack, or any special HP
programs in the memory. (See page 18 for instructions on clearing data storage.)

Editing Alpha

Instructions in an alpha message can be edited using the keys just described, however the
Alpha mode must be set before the instructions can be successfully changed or inserted.
Otherwise, pressing the keys will enter their non-alpha meanings. To manually set the Alpha

SALPHA

mode (“ALPHA" appears in the dispiay), press D &2

For example, the program sequence on the ‘?1;_? ﬁF‘f MTa

right prints this line: gii; q
15

SALES = §  ©.@89 oice £

aizl =
#1322
#1333 =
#1324
135 %
@136 FRINT
137 EHD«



68 Programming

To change the “$" character to “L":

Press 135 and set ,‘,":'gg

——
[
1™ -~
Ul
'
™ -
U]
-~ -
(N
L
LT
-
<
"=
[
Oy
RN

> ALPHA

- s

[
—
el
on
—

Now set the Run mode and run the sequence:

HLE!

= L

)
2

"
0
!
—

DA

If we had attempted to key in “L" like this (by not setting the Alpha mode):

N
Press 135 st Mm

p—,

L& GO

3135 LDEGH
Running the sequence would result in:

- — 1)
! - 4

SHLE!

0
-
AN

-
R

[
o

D]

Entering other instructions within an alpha message when the Alpha mode is not set will cause
other unexpected characters to be printed. See “Additional Alpha Characters' on page 71.

Now let's replace the “L" in the last example with the " £ " (Pound) symbol. To do this we have
to first change step 0135 to SHIFT and then insert (F): ‘

Press 135 and set s
G
- (

- A1

-~
L\
-
~f
[}

[’
.
[y
- -
Ly
L™
——
]
[ ind
- —
(]
——
Oy
——
U]

LN

> SHIFT

~e
Set o (to terminate the Alpha mode)

Set ,‘:E [

-
r “t
I
2
Ly
2%
—

]

-

~
-
-

-
-~ -
(N} X
1™ -~
7
-~
-
N |
[
-
]
-
-
<

Press () @l [_

INSERT

)

Now set the Run mode and run the sequence:

.
p—
MR

SHLES = £ g,

o
|

[}
)
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Please remember these things when you are changing or inserting instructions into an alpha
sequence:
- ALPuA
* Before changing alpha instructions, be sure the Alpha mode is set. Press () &5 to
manually set the mode.

-ALPHA
CALL Y

¢ To insert instructions first press @ . Then set the Alpha mode by pressing @l e
Then load the new alpha instructions and terminate the insert operation. To terminate both
insertion and the Alpha mode, switch to the Run mode.

¢ When deleting Aipha instructions be sure the Alpha mode is not set. Otherwise, pressing
@ will enter the alpha character.

* If the Alpha mode is not set, instructions changed or inserted will cause different charac-
ters to be printed.

* To list an Alpha sequence, set the Run mode, set the program counter to the PRINT
ALPHA instruction, and press (wr) . If a listing is started from within an Alpha sequence,
unexpected instructions will be listed (see page 71).

Programming Hints
An Editing Tip

When many steps are being changed in a program, it's easy to lose track of the exact address
of each instruction. So before editing individual steps or sequences, be sure of the instruction
at the current step address by pressing () (5% (in the Program mode). This takes only a
second, but it will assure you that the steps being changed (or deleted!) are the intended
ones.

Branching Speed

Using step addresses in branching instructions generally enables the program to run much
faster than when label names are used. This is because a “step address" branch goes directly
to the specified address, while a “label” branch first goes to the top of memory, and then
searches for the specified label.
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To see the difference in branching speeds, first erase the program memory; then enter and

run each of these programs:

The program on the left produces a relatively

(Using a step address)

constant display of »

.,..

LY
-

s

(Using a label)

goaf CLEAFR
goEl FIX e
gEaz GOT Law
gegs MOF
HEEE HOF
°
°
™
HEss HOF
HIgn Lel
-——- QAE
G362 FAUSE
AsEs QOTo LEg
385 EHMHID
o rrT
Ly

J

The program on the right produces the same display, but now it is blinking. The blinking is

caused by the extra time needed to search for label 00.

Branching Errors

Some unexpected resuits may occur if an incorrect branching address is used. For example,
in each of the following sequences the GOTO indicates step 0200 but the branch is made to

step 0199, since the specified step address is unavailable.

JCRLU MK

4 T

"
.

<
.

-
AU RN

-

R )
a5l CoTo HEan
A5 e

[ J

[ ]
19s °
19% =574 i
23l °

L

A
n

glaz e
fgias SQoOsSiUE Rt
dlas e

°

L J
Hi9s )
Bles FIH b
Hegl e

oy
[cx
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This is OK for program operation, but if you wish to enter a program sequence beginning
at step 0200 (over one of the previous sequences) and press 1 200 from the keyboard

before setting ;,«;s , the program counter would be automatically set to step 0199. in

this case, entering a NOP will make step 0200 available.

: Hedz e
A more serious error occurs when a program G249 COTO asan ‘
branches into an alpha message, as in this A2E1 °
sequence # hd
. R . . . [ J
Executing alpha instructions without first set- Acad e
ting the Alpha mode can cause unwanted re- B295 FEHT
sults. In this case the calculator executes the #gzer7 T
instructions listed second. This second listing o3 ’_;_‘
. Hadd
was made by setting the program counter to ATAE H -
step 0300 (from the keyboard) and pressing gIEi L
#3ps =
Haad
4585 PREINT
Ge EMI
BIgg SFG z
BEpl IF SFG S
HBIRD LOG
228 ZPACE
HEEg LGOS
HE85 FEIHNT
Hree Erle

Additional Alpha Characters

As described under “Editing Alpha”, it's possible to print some characters not available via
the standard Alpha mode. This is done by cancelling the Alpha mode and entering a regular
instruction into an Alpha sequence. Then, running the entire alpha sequence prints the non-
standard character within the alpha message.

Here is a list of the extra characters and the instruction to enter for each:

Character: Instruction:
A Yx
o STOE
z RCL ACC+
- IF CFG4
+ IFCFG 5
i IFCFG 6

IFCFG 8
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By using two of these additional characters,
you can print this line #
by entering the program sequence on the

right. Note that before entering each non- L.-1 i PREHT
standard character, the Alpha mode must be :-: ol
cancelled by setting RUN and then PRGM. a4
After entering each character, the Alpha mode aeRs IF CFG 4
s fEGE 2
is reset by pressing @l . ARRT IF CFO S
HEEs EMD«
dEEs EMD
After the entire sequence has been entered, GORAE FRMHT
listing it again will show the new characters # qaEs
dEgs =
dEEd Y
HEas <
AEET o
HEES EMD«
HEES ENID

Peripheral CALL Instructions

The general key sequences (" ) ) through ERd (" ) () are reserved for use in
controlling peripherals. Each interface currently in use defines the sequences as appropriate
peripheral call instructions. For example, the sequence ([ @ () executes (or prog-
rams) a PLOT instruction when an HP 98132A Plotter Interface is used. With an HP 98134A
General I/O Interface, however, the sequence = R] @ () executes (or programs) a
WRITE instruction.

If you either execute or program any of those key sequences when the appropriate interface is
not plugged in, the calculator will list the key sequence. The error message NO I/O DEVICE
will appear, however, if the sequence is executed. For example, if the plotter interface is not

plugged in:
Set Z% and ,‘.“:'.“:
CARLL 1A
Press (&) @ ™) MO 1.0 DEWICE
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At times, it may be necessary to enter a program having peripheral call instructions when the
appropriate interface is not plugged in. After the program has been entered, edited and listed,
record it on tape. Then, when you wish to run the program, plug in the required interface(s),
switch the calculator on, and load the program back into the calculator. Now the call sequ-
ences are defined with their appropriate instructions. Here are two program sequences show-
ing call sequences listed with and without the plotter interface in use:

Without Interface With Interface
129 e G125 e
G126 CALL 15 bize PLOT
Bl123 IF <y HizZs IF =ay
Bl1Z29 GOTO G1z2s BIZS GQOTO B1zZ5
B131 CALL 11 4121 DERM+
B133 CALL 1E H133 FEHT
F13s 4 135 1
B138 0 Bise 8
B137 EMTERT Bi27 EMTEERET
8132 CALL 10 |ize Moy
Glda e #1458 e
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Tape Cartridge

Introduction

The built-in tape drive allows you to make permanent recordings of your programs and data,
and then load each program or block of data back into the calculator as often as you wish.

The tape drive is also used to load pre-recorded programs into the calculator. if you do not
wish to store your own programs and data on tape, you need only read the following introduc-
tion to the tape cartridge and cleaning the tape head. Then read “Loading Programs”, begin-
ning on page 84.

The tape drive keys are located with the prog-
ramming keys. All tape-drive operations are
programmable. A summary of the operations is
on the next page.

e g

<
[ TS

i im @ L2
“, e i

it
°

\ ——

Inserting a Cartridge
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Tape Instructions

MARK TAPE instructions are used to initialize a tape with blocks of empty files.

Enter: and press
Size of each file (in steps) - Z [ ] ﬁ)
Number of files in block (< 254) — Y

first file number — X

To determine the file size needed for data, multiply the number registers by 8. To use the primary
track use positive file numbers; to use the secondary track use negative file numbers. To erase
the rest of the track, place a negative number in Y.

To IDENTIFY a file, enter the file number in X and press (i} % . This information is placed
in the stack:

File Types:
File type - T 0 = program file
Steps inuse = Z 1 = secured program
File size —Y 2 = datafile
File number —X 3 = special HP program'!
4 = secured special HP program!
5 = empty file
6 = extra file
To RECORD PROGRAMS, enter: and press
Beginning step address — Y freee

File number — X

The program memory is recorded into the file, until an END is recorded.

To LOAD PROGRAMS, enter: and press or program
First step address — Y voan | )
File number —- X cosse

When the LOAD & GO instruction is used, the calculator runs the new program automatically.

To RECORD DATA, enter: and press
Number of registers — Z - ——
First register number — Y
File number - X

To LOAD DATA, enter: and press

Starting register number — Y o

File number — X

The data is loaded, register by register , beginning at the register specified

'See footnote on page 82.
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* To VERIFY that the contents of a file is identicai to that in the calculator memory,
enter: and press

Starting step address wner
or —Y - -

Starting register number

File number - X

it the information in the file is not identical to that contained in the memory, “VERIFY FAILED" or
“CHECKSUM ERROR" appears.

* To RECORD SECURE programs,

enter: and press
Starting step address — Y Y e

b tecomoi

File number - X -

Once a secured program is loaded back in the calculator, any attept to list, record. or edit
programs will cause “SECURED MEMORY" to be printed. To clear the secured condition erase
the memory or switch the calculator off.

The Tape Cartridge

The tape drive uses a specially-designed, miniature tape cartridge having about 140 feet
(about 43 meters) of high-quality metal-oxide tape (see photo below). Typically, each car-
tridge can hold 48, 2008-step programs or the contents of 12,000 data registers. Space is
provided on the top and front of each cartridge for you to label its contents.

Access Cover

RECORD slide

The HP Tape Cartridge

The photo above shows two built-in protection features. As the cartridge is removed from the
tape drive, a small plastic cover snaps closed to protect the tape from dust and dirt. Position-
ing the "RECORD" slide to the left protects the tape from accidental erasure. This slide should
be positioned to the right only when initializing the tape or recording information.
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Inserting the Cartridge

To insert a cartridge into the tape drive, first open the tape drive door. Then slide the cartridge
into the drive, as shown on page 75, and close the door. It's recommended that you first press
fewmd before removing a cartridge. This fully rewinds the tape to shield the recorded information
against damage. Then press the eject bar.

CAUTION
Always remove the cartridge when it's not in use to protect
the tape from dust.

Storing Tapes

As with most magnetic tape products, the information recorded in the tape cartridge can be
altered or destroyed if it is exposed to a strong magnetic field, such as one produced by a
bulk tape eraser, a toy magnet, or a metal detection device (like the ones used in many
airports). If you keep your tapes in a metal container, such as a card index box, they will be
protected from most magnetic fields.

Cleaning the Tape Head

To ensure the reliability of tape operations, it is recommended that the tape head be cleaned
after every eight hours of tape operations. Furthermore, it's always a good idea to clean the
tape head before making important recordings.

Cleaning the Tape Head
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The tape head is easily cleaned as follows:
1. Press the eject bar and remove the tape cartridge.

2. Clean the tape head with a cotton swab that has been dampened with head-cleaning
solution. Just wipe the top of the tape head a few times with the swab. Also, remove
any dirt on the rubber drive-wheel, using the same cotton swab. Then remove dust that
has accumulated in the vicinity of the tape head.

3. Re-insert the tape cartridge. Make sure that the door closes completely to prevent
excess dust from accumulating.

In conclusion, special care must be taken to ensure reliable tape cassette operations:

* Keep the tape-drive door closed to prevent dust from accumulating. Also, remove the
cartridge whenever it's not being used to protect the tape from dust.

+ Clean the tape head after every eight hours of tape operations and before making impor-
tant recordings.

e Protect the tape from scratches, dust and magnetic fields, like those associated with
high-voltage electrical equipment. This inciudes the rear panels of calculator peripheral
devices.

Also read “Tape Conditioning" on page 95.

Error Detection

The tape drive routinely checks to ensure that all the information being loaded into the cal-
culator corresponds exactly to that originally recorded. This is done by using a “checksum”,
which was stored on the tape when the information was first recorded. If an error is found
during a LOAD DATA or LOAD PROGRAM operation, the file is automatically reloaded into the
cailculator. If the file cannot be loaded correctly after three tries, the operation is cancelled and
“CHECKSUM ERROR" is printed. Typical causes for checksum errors are dirty, badly-worn, or
partially-erased tapes or a dirty tape head.

A checksum error does not mean that the program loaded in the calculator is completely
wrong — usually only a few steps are missing or changed. It may be easier to first list the
program and then edit in the incorrect steps, rather than keying in the entire program.
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Initializing the Tape
Tape File Structure

Before a new (blank) tape can hold programs or data, it must be initialized with one or more
MARK TAPE operations. Each MARK TAPE instruction records a block of empty files onto one
track of the tape. The user specifies the size of each file and the number of files in each block.
Here is a typical tape file structure:

Beginning of
tape marks file @ file 1 file 2 tile 3 (extra) End of tape mark

aYa

N [l felol = o] )],
I 5 ) T E 1 K

; - . PR
file —@ file —1 file —2 extra file
Tape File Structure
Tracks Two tracks are available on each tape; each track can be ini-

tialized and used independently. To use the primary track,
specify a positive file number in each tape-drive instruction:; to
use the secondary track, specify a negative file number in
each instruction.

BOF Gap  The beginning of each file has a blank gap used to separate
consecutive files.

File ID The file identitier contains information such as: the file num-
ber, the file type (program,data.etc.). the absolute file size
(in steps), the current file size (number of steps currently in
use), etc.

File Body  This is where your program or data is stored. The absolute file
size specified in the MARK TAPE instruction determines the
size of this area.

Mark Tape

-

Each instruction initializes one track on the tape with a block of empty files. These values must
be specified in the stack (the integer portion of each value is used):

Size of each file -7
Number of files in block —-Y (max = 254)
Number of first file — X

The file size is expressed in program steps. To determine the file size needed to hold a block
of data (registers), multiply the number of registers by 8.

After the specified number of files have been marked, an extra file is marked and the tape is
positioned in front of the extra file. Since the extra file is included to facilitate marking addi-
tional files at a later time, it has no body. Now you can store either data or a program in each
file, or you can mark more files beginning with that extra file.
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For example, to initialize a new tape with five 500-step files and two 300-step files on the
primary track:

1. Set &% and insert a new, unprotected tape cartridge.

2. Mark the first five files, beginning with fite 0:

500 Cmrn 0) 5 Clllll o)

o @B (=)

After about 10 seconds the tape will be positioned in front of the extra file (file 5).

3. Now mark the two smaller files, beginning with file 5:

300 (o s )2 ([ omms )

5 @ (o)

After the tape drive stops, the tape is positioned in front of the new extra file (7). Now the tape
is marked like this:

Mark 2 files
Mark 5 files B ——.
[ 0 [ 1 ] 2 ] 3 [ 4 L5:5T6:617J

(btank tape)

As shown above, the files appear in numerical order, from 0 through 7. The first file on each
track must be either file O (primary track; or file —0 (secondary track).

Now let's mark three 1000-step files on the secondary track, numbering them files —0 through

-2
1000 oren ¢ 3 o e

o() @ (=)

After the tape drive stops, the tape is marked like this:

. .[ — _1 l = [])E

Notice that each 1000-step file uses slightly less space than two 500-step files. This is due to
the extra space needed by the beginning of file gap and file ID areas.
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Marking a Used Tape

The MARK TAPE instruction is the same for both new and used tapes. But when marking a
used tape, it is important to mark over, or erase, all old files which are no longer needed. This
will prevent unexpected results, as described later. For example, to mark over files 3 through 7
in the last example with ten new 100-step files, press:

100 | mvlnoj,1():~ ENTER ¢ )3-

In this case all of the unwanted old files are erased by just marking the new ones.

But when a MARK TAPE operation will not erase all old files, the calculator can be instructed to
quickly erase the rest of the track by specifying a negative number of files (in Y) for the MARK
TAPE operation.' So, if you wished to replace ali files on the primary track with one 500-step
file, press:

MARK

500( eNTER ¢ 1{+ - (, wem s |0 - @

After the new file O is marked, the calculator will automatically erase the rest of the track and
position the tape at the new extra file (file 1).

Identify File

10ENTY

-

The IDENTIFY instruction transfers this iD in-
formation from the file indicated in X into the

File Types:
stack: 0 = program file
1 = secured program
; 2 = data file
File Ty‘pe -7 3 = special HP program?
Steps in Use -Z 4 = secured special HP program?
File Size —Y 5 = empty file
File Number — X 6 = extra file

Far your convenience, the file ID information is
printed automatically like this when the instruc-
tion is executed from the keyboard and the
printer is switched on ¢

ol g 050 000

R |

o
!
v
.

'The automatic erase operation may take up {0 one minute.

*These are programs which are written in a special language, loaded into data registers, and cannot be listed or modified by the
user. To erase a special program, switch the calcutator off.
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Here's a short tape list program »

gaEl FId 5
To run the program, enter the first file number GEpz STO 5
to be listed and press @ @ . ag|s [F -
dEad ZFG 1
deas ILENT
gEgs ECOLLG
BEE7 FETZTE
AEBs SFRCE
gERs 1
gRilag IF CFG G
aall =To+ A
gl IF SFG 1
gElz =TO- A
gald RCL A
gRls SoTd gaas
galy END
The program runs until the end of tape is file number -
reached. Here's a sample printout ¢ file type &
steps in use 47
, ) file size Saa
A more-complete tape list program is available
on the Utility and Test Cartridge supplied with =
your calcuiator. See the next page for user in- , _‘:1
structions. =|:'1;
v
s
A

Record & Load Programs

Recording Programs
fcond

This instruction records the contents of the program memory from the current step address
until an END is recorded. Before executing the instruction, these values must be specified in
the stack:

Beginning step address —-Y
File number —- X
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If an END is not found, the rest of the program memory is recorded. If the file is too small or the
tape is protected, the operation is cancelled (before the program is recorded) and an error
message is printed.

For example, if the tape is still marked as shown on page 81 and you wish to record that
18-step tape list program just mentioned into file —2:

o ()@

To see if the program was recorded,

[

0ENT F
T

=Eulu
[

—
0
1

.,_
2
e
XA

],
1

Loading Programs

This key is used for loading both programs and data from tape into the calculator; the file type
determines which operation is done. To load a program from a specified file into the calculator
memory, these values must be in the stack:

First step address -Y
File number - X

The file is loaded, beginning at the specified step address. If the file is of the wrong type or
there is not enough program memory available, the operation is cancelied and an error
message is printed. See “Errar Detection” on page 79.

For example, to load the tape list program from the Utility and Test Cartridge beginning at step
0000, first insert the test cartridge into the tape drive and press =3 . Then press:

el

To verify that the program is loaded, run it.

=&

~ETHPE LISTes



Now enter the first file number to be listed and
press again. Here's a sample printout #

When the LOAD instruction is executed in a
program, it loads the new program starting at
the specified address and then continues
program execution at the next step.

For example, this program sequence loads the
program in file 7 at step 0035. After the new
program is loaded, the program continues
from step 0020.

Segmented Programs

ey
D)

FILE ®Hi,. -3
TYFE &
IH USE Zd4
= SR
FILE HO -1
TYFPE 9
M OUSE 3%
SIZE Tan
FILE M7 -
Fald e

nels =

BEle 5

ARLY EMTERT

pRls v

pais LORD

GHZE e

Cartridge 88

The technique of recording program segments or subroutines in separate files and using a
mainline program to call and run each segment, as needed, offers tremendous flexibility. This
method enables one program to call hundreds of segments, each of which is loaded and run

in the same area of memory.

() The LOAD & GO instruction is a programmable means of automatically loading and

10860

running a specified program. The same values used for the LOAD PROGRAM instruction are

used:

Starting step address

File number

=Y
— X
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Here is a simple supervisory program that calls

dupg CLERE
and runs a series of subroutines. The user GEE] FIY
entry at step 0017 determines which file is Eﬂzh.jé FRHT
loaded first. Then each successive file is t::::::':;.' ,‘:
- loaded in the same area of memory, beginning AEET A
at step 0028. @@@% i
e
qatla F
The three subroutines called are shown below. Al I
The first two return control to the mainline prog- HEls L
ram, but the last one ends the program. t::t_-: i 3{ E
gE1s 7
File 1 HEle
gElv
AEas FREHTC aglz
dEas F dE1s
HRES ] HEsa
AEd L HEzl =
RS E HEZZ RCL
BEES AEa3 LDLGO
gEay gazd |
5 = HRzs =STO+
gEEs L HEce GOTO
gata o dEz232 END
AEtl A
patz o
BE13 E
gatld T
BE1S EMDW
Bale GOTO gEsd
dEils EMD
File 2 : Fiie 3
HEEE FREHT AoEE FREMTE
Az F aEaz F
BEas I gaEs I
gEEd L ARad L
Aaas E daEs E
BagT 2 ARy o
HEas QREs
pEEs L agas L
gale o AE1a o
daEii A ARl R
galz o gaiz I
HE13 FAls E
BEld4 T A814 I
BE1S EMDo AE{S EMI«
aale GOTO BRz4 goie GOTO
AEls EMD H91S EHMD

e

1

I

(I ¥

%
v
N

(K]

,,..

1
o
=

[
[
[
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Immediately after file 1 is loaded, the memory is arranged as shown below. Although this
exampie shows loading program segments after the supervisory program, they could be
loaded anywhere in the memory, even directly over the LOAD & GO step.

Supervisor Subroutine
BEgE 8 BEMT
aEnE CLERE o F
Baal FI= 5 el
BRET PRHT: ddos
BABS L Bazi E
gEgde o aEzd
ST o S
HEagy H RS
gaEs 0 bRoe
CEEE A
pElE F qEEE o
gaty I BRI A
FE1E L aog48 o
aEis E Aapal E
HE1d g4z I
apls © AEd4z END
gEle EMIe dEdd GOTO guHZ4
aRi7 STOF Aade GOTO aEzd
AEls FRINT gags EMD
aEls ST A
ezl =
BRZZ mCOL F
gazs LD&EGHO
gazd 1
BEzs STo+ i
baze GOTO BEzZE
As another exampie, this program sequence a1aa °
loads and runs either file 5 or 6, depending on AZan CLEARE
. S d TE S ET 4
whether flag 1 is set or clear. The file is loaded ;" Fia
beginning at step 0000. Even if the new prog- - i c CFC
SR . 3 &
ram is loaded over the LOAD & GO step, prog- g4 5
i 1 : S} Tyaoy
ram control will still resume at the first step of doo L ;.! & L
S@e EMID

the new program.
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Linking Programs

An extremely long mainline program can be separated into parts, with each part being re-
corded into its own file. The LOAD & GO instruction can be added to the end of each part to
call and run the parts in succession. An example is shown below.

Part A (file 0) Part B (file 1)
Fa45S e ddeg e
G467 CLERR Gasl CLERF
gdos 1 Hdez 2
A4es LID&RGE BdeZ LDEGE
G478 EHI dded EMD

Part C (file 2)
H47e e
G471 EMD

Each LOAD & GO instruction loads the next part directly over the old one and then transfers
control to the new part. Each part has an END step to permit recording and loading, even
though only the END in part C is executed.

Record & Load Data

Record Data

DATA

This instruction records the contents of a block of numbered data registers into a specified
file. These values must be specified:

Number of registers A
First register number —-Y
File number - X

The record operation begins with the first register number. If the specified registers afe not
assigned, or if the file is too small or of the wrong type, or if the tape is protected, the record
operation is cancelled and an error message is printed. Also, if the number of registers (in Z) is
less than 1, an error message appears.
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Here are two example uses for the RECORD DATA instruction:

Example #2 e -
pEas ST H
aeRl ROLL4
Bxample #1  gpag e GaEz STO E
a1e8 1 paaz CL=A
Aailel @ pRad =70 '
A1B: EWMTERT aaas ECL [
AlEs a aaae IDENT
H1ad4 EHTERET AEay ROLLY
B1ES PREMTH gaas sTO it
#g1ay F gaas REOLL4
gtaz I gRle ROLLY
aras L gatl S
al11e E AR1e IF H=Y
#iil # HE1s GOTo BELS
#i11z Ba1s 1
gLriz @ BA1E STO+ C
B114 EHIDw ga1y GOTO HERS
gits STOF BE1s RCL E
Bile PRIMT pEze =
A117 RCDATH ARzl =
A113 END BEz: RCL I
@Rzz IF sy
aazd GOTa HAl1s
HEzZe RCL E
AEzy RCOL H
. HRZs ECL C
Example #1 records the contents of registers GH2S RCTATH
0 through 9 into the file specified by the user AEIA PRHT
entry at step 01185, gaszz2 I
HAE3 H
BE3d T
BRZS H
HAZE
gazy I
HR3E H
Ha33
aRdn F
BEdl I
qEd4z L
Had4c E
Had4d4 PRINT
AE4S EMDo
Hade END

Example #2 records the contents of the registers specified in X and Y into the first available
file on the primary track. To run the program, firstinsert a tape with at least one empty file of an
adequate size to hold the data. Then enter the number of registers to be recorded in Y and the
starting (lowest) register number in X and press . the program searches the tape,
beginning at file 0, until an empty file of adequate size is found. After the data is recorded, the
file number is printed.
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Load Data

This key is used for both LOAD DATA and LOAD PROGRAM instructions: the file type deter-
mines which operation is done. To reproduce a block of data into a specified area of the
calculator memory, these values must be in the stack:

' Starting register number - Y
File number - X

The data is loaded, register by register, beginning at the specified register. If the file is not
type 2, or if there are not enough data registers available to hold the data, the operation is
cancelled and an error message is printed. See “Error Detection” on page 79.

A programmed use of the Load Data instruc-
tion is shown here »

The user enters the number of registers to be
established (Y) and the file number (X) at step
0099. The program then establishes the
needed registers and loads the data, begin-
ning at register 000.

ROURE MCALRE BN

T
(IR R I

-
a

Additional Operations
Verify

VEREY

This instruction compares the information recorded on a file with the existing program or data
in the calculator memory.

To verify a program file, these values must be in the stack:

Starting step address —-Y
File number — X

To verify a data file, these values must be in the stack:

Starting register number - Y
File number — X

The VERIFY instruction is most easily done directly after a LOAD or RECORD operation, since
the required values are already in the stack.
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If the information in the file is not identical to that contained in the memory, the error message
“VERIFY FAILED" or “CHECKSUM ERROR" is printed. Neither of these two errors will halt
program operation when program flag 6 is set. In this case, program flag 5 is automatically set

by either error.

An example use of the VERIFY instruction is
this program segment »

which compares the data just recorded with
the original data.

If the recorded data is identical to the original
data, the file number is printed. But if a VERIFY
FAILED or CHECKSUM error occurs, then flag
5 is set, the program loads the data into the
next consecutive file, and the new file is
checked.

Secure Programs
fecorg
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record data
in file "A".

If verify OK go
to step 0116.

If verify tailed,
increment A and
go to step 010S.

Print:
DATA IN FILE X.

The RECORD SECURE instruction is a means of recording private programming on tape. The
instruction puts a program into a specified file, like the RECORD PROGRAM instruction,
except that the program is identified as “file type 1" — secured. These values must be in the

stack:

Starting step address

File number
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This operation does not affect the current programming in the memory; only the recorded
program is secured. A secured program can be loaded back into the calculator by using a
normal load instruction and then run in the normal way.

Once a secured program is in the calculator, any attempt to list, record, or edit the program
will cause “SECURED MEMORY" to be printed. The user can run, but not see, a secured
program.

NOTE
When a secured program is in the calculator, all other prog-
ramming with it is also secured. Data registers, however,
are not affected.

To clear this secured condition, either erase the memory (set the Program mode and press
@ ) or switch the calculator off.

The Autostart Feature

When the mode switch is set to AUTOSTART, switching the calculator on automatically loads
and runs the program in file 0. The Utility and Test Cartridge uses this feature to automatically

load and run a directory of test programs. This allows you to select and run any test by
pressing just one key.

Operating Hints

Halting the Tape Drive

in general, any tape-drive instruction can be halted by pressing once. An alternate way to
halt the drive immediately is to press the eject bar.

Tape Storage Capacity

The following table lists typical storage capacities for each track of an HP tape cartridge.
Remember that each data register is equal to 8 program steps.



Typical Storage Capacities

Size of File Typical
Number of Files Tolerance
Program Steps | Data Registers per Track
8 1 254
40 5 254 +0 ~-5%
80 10 254
120 15 229
200 25 174
320 40 135
472 59 100
800 100 64
1200 150 44 *10%
1600 200 34
2008 251 27
2600 325 21
3000 375 18
3800 —_ 14

Cartridge 93

A program is available on the Utility and Test Cartridge to help you to determine your tape
storage needs. To load the program, firstinsert the test cartridge and press fowd  Then press:

chle
To start the program, press @ )

Now enter the number of files and file size for
each block of files needed, pressing after
each entry. The program computes and prints
the typical percentage of tape (one track)
needed for each block of files. A sample print-
out is shown here »
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Master Recordings

Since a vast amount of information can be stored on a single tape cartridge, loss of the tape's
contents (e.g., normal tape wear, physical damage, exposure to a strong magnetic field, or
instrument failure) could be extremely expensive to the user ... both in time and resources lost.
One method of preventing such a loss is to make a duplicate recording of each often-used or
valuable tape, and then store the “master tapes"” in a safe place. The practice of making
master tapes should be considered mandatory when tapes are used on a daily basis!

Re-Marking Used Tapes

A tape which is not protected (the RECORD slide is positioned to the right) may be re-marked
by performing the correct MARK TAPE operation (s). If possible, the track should be com-
pletely re-marked by using the auto-erase option (i.e., mark over all existing files), since, if
only a portion of the track is re-marked, the old files which remain may cause problems.

Here are two situations that may occur when old files remaining on a track are not erased. The
first diagram shows the file sequence resulting after a track, which originally contained 20
five-register files, is re-marked with § ten-register files. Notice that files 6 through 8 are now
absent! and some of the old files (and their contents) remain.

..1011[213[415{517[3l91‘0[~11]12]13114]151'6117I15I19120.]
) H B A N G|
X} TO l ! I 2 I 3 ] a |stofwfn]r 13[14]:5 16 17]1(5[19[20.1

Resuiting Files (file numbers missing)

An attempt to use one of the missing files would cause the tape drive to search back and forth
between files 5 and 9. When the missing file is not found after five passes, the operation is
cancelled and “FILE NOT FOUND" is printed.

The next diagram shows the file sequence resulting after a track which ariginally contained 5
eight-register files is re-marked with 5 four-register files. Some file numbers on the track are
now duplicated.

'The exact number of missing files may vary.
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In some cases this arrangement may cause the tape to go to an old file, rather than a new file
of the same number. For example, if the tape is positioned at file 2, an instruction to use tile —4
would use the old file —4!

- [ - | S

T

)

0 \ 2 3 J
I I N T R R )

new files

Recording Special Functions

A complete set of special functions can be recorded into one file by placing an END after the
last RETURN instruction in the last function and specifying the beginning step address of the
first function in the RECORD PROGRAM instruction. Be sure that an END is used after the last
function to be recorded, otherwise, the calculator will attempt to record the rest of the program
memory — until an END is found.

Conditioning the Tape

Repeated operations over a short length of tape (usually less than 5 feet or 1.5m) can cause
slack. (Extreme changes in temperature can also cause slack.) The outer layer of tape may
slip and rub on the cartridge, causing damage to the tape. If this operation continues, the tape
may may jam and be ruined.

NOTE
This condition is most likely to occur if exclusive use is made
of one file or two adjacent files near the beginning or end of
the tape.
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If a particular application requires such operation, this slack can be prevented by periodically
moving the tape 15 feet or more toward mid-tape. For example, when using a tape with 80 files
where only files O and 1 are used, the tape may be conditioned by executing the following
program segment after every 200 operations between files 0 and 1:
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Special Functions

The lower-left block of keys, () through (o],

[

can be defined to call and run your own special
functions. A summary of special functions is

listed below.
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function.

eighth nesting level is attempted.

To run each defined function from the keyboard, press the corresponding key.
To call the function as a subroutine from a program, use a GOSUB.

Special functions can be nested seven deep. “GOSUB OVERFLOW" appears when an

Each special function is actually a subroutine beginning with a label name (A through O) and
ending with a RETURN. Blank key-overlays are provided for you to identify each defined

Defining Functions

Each special function key is defined by entering the function steps in the program memory.
Each function must begin with the key's corresponding label name and end with a RETURN
instruction. Any programmable instruction can be used in special functions.

For example, the three hyperbolic functions shown below can easily be defined as special

functions.

Function A = sinh(X) = 5

Function B = cosh(X) = 2 >

Function C = tanh(X) =§_‘_—_e_‘___

X +e-x

ex —e X

X +e "
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Each function can be stored anywhere in the program memory. Here are the functions, to-
gether, beginning at step 0300:

Function A Function B
gIae LEL @31z LEL
-———— f -——-F
g3z =70 H B3ld4 = H
AZE3 &t1s H31lo &
BIad4 RECL F dle R 5
B3ES +2- B317 +3
BIEe &ty galg &
BIa7 - d3ls o+
BIEE BEze 2
Bzge =+ #3221 =
Bzl FRIMT BIZZ FREINT
A311 FETUEREHN HIZ23 FETUEH
Function C
azzd4 LEL
—_————
B32e EMTERT
BI27 ets
BIzs ST A
23 Ay
A2l +2-
B33l Bsts
RIaz STO E
B33z -
A324 RECL A
B335 RCL E
A33E +
Raa7 =
a2 FREIMT
B33 RETUREH

Running Functions

To execute each special function from the keyboard, enter the appropriate values in the stack
and press the assigned special function key. The calculator will automaticalty go to the label
and run the function. When the RETURN is executed, the calculator will reset the program
counter to its original address and hait.

For example, to execute each of the hyperbolic functions from the keyboard, enter a vaiue in X
and press the assigned key.
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First calculate sinh #r and display the result to four piaces:

-

-@CD

fo
[
-
1.
S

Now calculate tanh 1.07:

1.07 (<) 3, TEEE

Defined functions can also be called from a program as a subroutine. For example, to call the
sinh(X) function from step 0201 of a program, use one of these sequences:

In each sequence, the program will return to the next step after the function is executed. If a
GOTO is used to call a function, however, the function will be executed, but the RETURN at the
end of the function will cause “MISSING GOSUB" to appear and halt the program.

Key Overlays

The key overlays supplied with the calculator can be used to identify defined special-function
keys. You can write on each overlay using either a pencil or a ball-point pen. Then place the
overiay over the function keys when the functions are in the memory. A key overlay identifying
the three hyperbolic functions defined earlier is shown below.

L sinh L cosh | tanh l l J

S G U U
S VR U S

To order additional blank key overlays, specify HP part number 7120-4691.
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Nesting Special Functions

Special functions called from the keyboard can be nested seven deep; that is, one function
can call another function, which calls a third function, etc. if an eighth function is called,
however, without first returning to at least the sixth function, the error message “"GOSUB
OVERFLOW?" appears and the program halts.

Before calling functions which use nesting, press @ to ensure that the nesting level is set to
zero. This is because the same device used to remember subroutine return-addresses is used
when special functions are nested.

Special functions called from a program are treated exactly like subroutines and can be

nested, together with subroutines, to a depth of seven. Again, pressing or executing END
resets the nesting level to zero.

A Program Directory

The following pages show how the special function keys can be used to create a convenient
“program directory” — a means of indexing or calling a program on tape by pressing a single

key.
A part of a directory program which shows the AREE PRHT
basic sequence for calling programs is shown gEanzs I
here # if‘ iz I
: : : . qaugd R
After this program is loaded, (*]) is defined to AEES E
load and run the program in file 1, (¢ ) is de- ARBe
fined to load and run file 2, etc. Each function ‘-;”;“-:1? T
aaas o
loads the new program over the directory, be- Eﬂéég '
ginning at step 0000. A key overlay for these AEiS Y
functions could be used to identify the prog- 1l
ram available via each key delz L
' qE13 0O
dE14 H
de1s I
dEle E
da1v I
dE1s EMD

(con't)



The alpha message "DIRECTORY LOADED"
and the STOP instruction are included be-
cause the directory could be recorded on file O

and automatically loaded and run using the
AUTO START mode.
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GE1E STOF
gaza Lel
---- A
tosdand | GiEZE CLEAR
) 4
Run file 1 G T 1
gazd LIDAEGO
@325 RETURH
(aaze LEBEL
- - E;
Load and aEss CLERE
Runtfie2 | @E=49 &
gaza LDsgo
(G331 RETURH
Ld L

This method of calling programs has one disadvantage: the subroutine nesting level is set
one deep as the function is started; and since the RETURN is not executed, the level remains
one deep when the new program is loaded. This limits the new program to only six levels of

nesting.

An alternate method of writing functions per-
mits calling a function without changing the
nesting level. To do this, begin each function
with two consecutive LABEL instructions and
omitting the RETURN. Here's an exampie §

Now, when (* ] is pressed, the calculator ini-
tially remembers the current step address but
erases it when the consecutive labels are exe-
cuted; thus, the nesting level remains un-
changed. This latter method is used in many of
the prerecorded programs available from HP.
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Appendix 1

Installation Procedure

This appendix contains inspection and installation procedures for your calculator. Procedures on
installing other parts of your calculator system are described in the manuals furnished with each
peripheral or interface.

Inspection Procedure

Each part of your calculator system was carefully inspected before it was shipped to you. All
equipment should, therefore, be free of scratches and should operate properly. Carefully inspect
the calculator, peripheral equipment, cables, etc., for physical damage sustained in transit. Notify
HP and file a claim with the carrier if there is any such damage.

Please check to ensure that you have received all of the items which you ordered and that any
options specified on your order have been installed in your calculator. Decals located under the
calculator's top-cover show the number of any internal option installed. Also check to ensure that
all accessories are present (refer to “Equipment Supplied”).

If you wish to check the operation of all or part of your system, refer to Appendix 3. Before
running any test, however, be certain that your calcuiator is properly instalied.

If you have any difficulties with your system, if it is not operating properly, or if any items are
missing, contact your nearest HP Sales and Service Office; addresses are supplied in Appendix
3.

103
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Equipment Supplied

The following items are packaged with each HP 9815A Caiculator. Peripheral devices and
interface cards are packaged separately; each of these has its own manual or operating note
and may also have extra items packaged with it.

Standard Calculator Accessories

DESCRIPTION QUANTITY |HP PART NUMBER
Operating Manual 1 09815-90000
Beginner's Guide 1 09815-90001
Quick Reference 1 09815-90010
Utility and Test Cartridge 1 09815-10004
Data Cartridge (blank) 1 9162-0061
Printer Paper 3rolls (see below)
Program Pad 1 09815-90011
Key Overlays (blank) 6 7120-4691
Utility Programs 1 09815-10000
Power Cord 1 (see next figure)
Spare Fuses:

1.5 A normal blo 1 2110-0043
.75 A normal bio 1 2110-0033
Dust Cover 1 9222-0490
Tape Head Cleaner 1can 8500-1251

When ordering paper specify six-roll packs, HP part number 9270-0479.

Power cords with different plugs are available for the calculator; the part number of each cord is
shown below. Each plug has a ground connector. The cord packaged with each calculator
depends upon where that calculator is to be delivered. If your calculator has the wrong power
cord for your area, please contact your local HP Sales and Service Office.

€120-1381 01201308 4130- 1080 ©se1370

'UL and CSA approved for use in the United States of Amarica and Canada with calculators set for either 100 or 120 Vac operation.

2UL and CSA approved for use in the United States of America and Canada with calculators sat for sither 220 or 240 Vac operation.
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Power Requirements

The 9815A Calculator has the following power requirements:

* Line Voltage: The calculator operates from nominal powerline voitages of 100, 120, 200,
and 240 Vac. The range of operation is from —10% to +5% of each nominal voitage. Two
switches on the rear panel enable any one of the four voltages to be selected.

« Line Frequency: The calculator can be operated with any line frequency from 48 Hz to
66 Hz (nominally 50 Hz and 60 Hz).

¢ Power Consumption: The calculator requires a maximum of 75 voltamps.

Grounding Requirements

To protect operating personnel, the National Electrical Manufacturers' Association (NEMA) re-
commends that the calculator chassis be grounded. The calculator is equipped with a three-
conductor power cable which, when connected to an appropriate power receptacie, grounds the
chassis. To preserve this protection feature, do no operate the calculator from an ac power outlet
that has no ground connection.

Fuses

The calculator fuse is located under the top cover, as shown in the next figure. The fuse is either a
1.5A fuse for 100 or 120 Vac operation, or a .75A fuse for 220 or 240 Vac operation.

WARNING
TO AVOID THE POSSIBILITY OF SERIOUS INJURY, AL-
WAYS DISCONNECT THE CALCULATOR FROM ITS
POWER SOURCE BEFORE CHANGING A FUSE.

To change a fuse, first disconnect the power cable from the calculator. Then remove the roll of
printer paper and press inward on the fuse-holder cap while twisting it counterclockwise. Now
remove the cap and fuse, remove the fuse from the cap, and insert the replacement fuse (either
end) into the cap. Finally, put the fuse and cap back into the fuse holder, press on the cap, and
twist it clockwise until it locks in place. |
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1.

The Calculator Fuse

Initial Turn-On

With the calculator disconnected from its ac power source, verify that the correct cal-
culator fuse has been installed for the powerline voltage in your area (refer to the previous
section).

Next ensure that the two switches on the rear panel are set for the correct powerline
voltage. The figure below shows the correct settings for each nominat line voltage. If it
is necessary to alter the setting of either switch, use a screwdriver to slide the switch
so that the positions of the switches correspond to the desired voitage, as shown in the
second figure.

240 220 240 220 240 220 240 220

| L
11 E:I_l
|2I£l 0 C_(io ;cl»o 120 100
(I 1 o7 I
100V 120V 220V 240V

Switch Settings for the Nominal Powerline Voltages

. Set the power switch, located on the front of the calculator, to the - @ (off) position.

Connect the power cord to the power input connector on the rear panel: then plug the
other end of the power cord into a suitable ac power outiet.

; the display :'-f ///_-,' indicates that the calculator is

Switch the calculator on o gt
ready to operate. {f any other display appears, or if there is no display, switch the cal-
culator off and turn to Appendix 3, “Service”.



Appendix 2
9815S Supplemental Information

Introduction

The Hewlett-Packard 9815S is an HP 9815 calculator with 4K bytes of memory space and two
I/O ports. This appendix explains the operating differences between the 9815S and the
9815A. It is assumed that you have aiready read the main text of this manual and are familiar
with the statements used by the 9815 calculator family.

Programs
Program Storage

The HP 9815S provides a maximum of 3800 program steps. The memory capacity can be
verified by performing the following operations:

1. Disconnect all peripheral interfaces and turn on the calculator.

2. Press: -

3. Select: RUN

AUTO
START

PRGM

4. The display should indicate that 3800 steps of program memory are available.

107
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Branching and Subroutines

Branching instructions can be used to reach any of the 3800 program steps. However, the
instruction GOTO Cadsé?epss:) can only branch to addresses below 2048. To branch to ad-
dress 2048 and above, use any of the following three instructions. These instructions have no

address limitations.

GOTO LABEL [ 20¢! )
GOTO X

GOTO LABEL X

The GOSUB instructions have the same addressing characteristics as the GOTO instructions
just described.

Editing

Setting the Program Counter

The program counter can be set to any of the 3800 program steps for editing purposes.
Pressing [ step :)works only for addresses 0000 through 2047. The program counter

address
can be set to addresses above 2047 by using any of the following techniques.

1. Key in the desired step address and press @
2. Pressing (:'abe‘ :) sets the program counter to the address of the step im-

name
mediately following the specified labet.

3. Key in the desired label number and press @ The program counter is set to
the address of the step immediately following the specified label.

Automatic Adjustment of Addresses

It is recommended that you use labels for all GOTO and GOSUB instructions except when
speed is critical. First of all, this is good programming technique. When you have only a short
program with a few branches, it is not difficult to keep track of line numbers. But the extended
program memory of the HP 9815S makes it possible to create very large, complex programs.
Experience has shown that GOTO <line number> type instructions are a frequent source of
error in large programs, especially during program revision or modification. Problems of this
type are reduced substantially by the use of fabels.
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Additionally, the GOTO Cadst;?;s] and GOSUB (:ads;fgss:) instructions can cause a prob-
lem for the editor in the HP 9815S. This editor recomputes the destination address of these
GOTO and GOSUB instructions whenever you do an “insert line” or "delete line" operation.
However, the upper address limit of the editor is step 2047. For example, if you have a
program with a GOTO 2045 and you insert five lines after this step, the editor will produce only
a GOTO 2047. It will not produce a GOTO 2050, and it will not generate an error message to
inform you of the problem. GOTO X instructions are not the answer either, because the internal
editor never modifies or adjusts the contents of the X-register. The simplest and most general

solution to potential editing problems is the use of labels.

Data

Standard Data Storage

The HP 9815S provides a full set of 256 numbered data registers (000 through 255), along with
the 10 registers A through J, and still has up to 1752 steps of program storage. The registers
000 through 255 and A through J are assigned and accessed using the standard procedures
described in the “Number Storage” section of this manual. Any time a specific register number
is used in an instruction, that register number must be within the range of 000 through 255.

Extended Data Storage

The purpose of the register allocation in the HP 9815S is not to provide a significantly greater
amount of data storage than the HP 9815A Option 001, but to provide enough program space
to make meaningful use of the available registers. However. an added feature of the HP 9815S
is the capability to assign more numbered data registers than the 256 which can be directly
accessed. A maximum of 474 numbered data registers can be assigned without generating an
error. Access to the upper 218 data registers is limited to certain instructions available with the
98135A interface (HP-IB). These instructions specify data locations with two parameters:
“register number” and “byte number”. Although the “register number” parameter has a
maximum limit of 255, there is no upper limitation on the “byte number” parameter. Therefore,
HP-IB instructions of this type can reach anywhere in data memory.

109
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Split Register Storage

The 9815 Utility Routines cartridge contains a special program which allows the storage of two
data items in one data register. The 9815S uses a different special program file for this
function than the 9815A. If you are using the split register demonstration program on file 45,
tell the calculator that you have “4K", and it will load the proper file for you. If you are using
split register storage as a subroutine to your own programs, load the special program on file
48, rather than file 46. The null program used to clear the special program registers is on file
49, rather than file 47. Except for the different file numbers, all other operating details of the
split register storage program are the same as described in the Utility Routines manual. You
can use 256 numbered data registers for split precision storage on the 9815S.
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Appendix 3

Service

This appendix describes using the Utility and Test Cartridge (HP Part No. 09815-10004) for
checking operation of your calculator. Also included here are maintenance procedures which
should be done periodically, and lists of peripheral tests and example programs available on
the test cartridge.

Service Contracts

Service contracts are available for all HP calculators and calculator-related equipment. For
further information contact any HP sales and service office.

Calculator Tests

The Utility and Test Cartridge supplied with your calculator contains a complete set of cal-
culator test programs. If any of these tests fails after repeated tries, your calculator requires
service — contact an HP sales and service office for assistance. Office locations are listed on
pages 119-120.

To load and run the test program directory:

1. Open the tape drive door;

2. Slide in the cartridge, so that the label
is right-side-up and facing you; UT1I

PRINTER I -

3. Set :i and ;;;E

Switch the caiculator off - lg: and on

d L
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4. To run the test programs, press:
O

5. If the calculator has 3800 program
steps (98158S), press:

@@

If the calculator has 2008 program

steps (option 001), press:

0

If the calculator has 472 program steps

_ FREZZ OHE OF
(basic memory), press: THE FOLLOMIHG
(o) KEYE.

6. After this directory is printed # . e
select the test by pressing the indi- ‘2 o I ?;L-
cated key. Then compare your results £ FEIMTER
with the following descriptions. Typical C FEYEBORRD
running times are listed with each. G ROM

E MEMOREY
F COMFLETE

Each test, except the Memory test,
runs once and halts. The Memory test
runs continuously until the calculator is
switched off.

If you wish to run any test (except
“Keyboard") continuously, press

@ before pressing the indi-
cated key.

NOTE
If MEMORY OVERFLOW is printed after the directory, the
wrong memory size was indicated in step 5. Return to step 3
and reload the directory program.
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(3 Display Test (30 seconds)

Run this test to check each display digit and segment. The display sequence is shown below.

The test is complete when 0 (n) is displayed.

When the test is run continuously, n indicates the number of completed tests. Press once

to halt the test.

(start)

]
oo
(N}
D]
(]
o
)
o
O
oo
oo
DNy
03
N ]
U
(]

™ ™) 4 ) 4 ™

] (] ) o N R o3 L

el B ) (] oo ] Co ]
] ) D] ooy D o D3
o oo ] nn D oo - iy
) oo o nn] ) L - oE -
o (X D o o o - O

N o oD o3 P 0o - - _ i
oy o o oo R o < - = o
nn g IS [ o ax o 2 - o | [oa”
D] D) Ay Uy 20 (] = - o o
0 D] ROn ] o3 ] ] . 5 o
] 0w o 3 D oo - m\ Ce”
oD | oo N (A o - oy
o) [oo s B L) I Ll B - _ om”
] 0 ] o3 O [ - Cn”
an ] oo oo R U o3 - I I e
\ J J v, \. J g J

(end)
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) Printer Test (25 seconds)

Compare your printout with the sample shown

blank <
here $
Check for missing or extra dots (the print de-
nsity will not be completely uniform). Also -
check the length of the solid block of dots.
When 0 is displayed, the test is complete.
about 10cm

(4 inches) " 3
When the test is run continuously, the display
indicates the number of completed tests. Press
once to halt the test. : FEEEL

16/
characters

3 Keyboard Test (1 minute)

This test checks each key and switch on the calculator keyboard. After pressing (< J, wait for
the tape drive to hait. Then set:

PRNTER RTER
orr U ore ~e 'I
wl |l ol |

[ ] L] L] L]

After 1 is displayed, press each key once in the order shown by the next figure. The display
increments as each key is pressed, indicating the next key to be pressed. If a key is pressed
out of sequence, or if a key is defective, FAIL nis printed. n indicates either the correct key to
press or the defective key. And, if FAIL n is not printed when a key is pressed continuously,
that key.is defective.
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The final display is #

Now set ,"“.'&ﬁ and the test is complete.

If FAIL nis printed repeatedly, restart the test by switching the calculator off and return to step
3 on page 111.

) ROM Test (3 seconds)

This test checks all read-only-memories in the
calculator and in any interfaces plugged in.
The correct displays are » [____ ______ )

When the test is run continuousiy, n indicates
[l e e

the number of completed tests. Press [ e J

once to halt the test.

It FAIL n is displayed, switch the calculator off, disconnect all interfaces and run the test again
(return to step 3 on page 111). If the test still fails, the calculator requires service. However, if a
failure occurs only when an interface is plugged in, that interface is probably defective.
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) Memory Test (5seconds)

This test checks every step of the program
memory. The correct displays are # [—_"—'—""‘"‘__'—""—_q
When PASS is displayed, the test is complete.

This test runs continuously until either is [ l.";:'l_.‘, l:‘, ]
pressed or the calculator is switched off. To
run another test, reload the directory (see step
3 on page 111).

If FAIL n is displayed, the calculator requires service.

) Complete Exerciser (1 minute)

This key automatically runs the Display, Printer, ROM and Memory tests, one at a time (see the
foregoing descriptions). Then the Memory test is automatically repeated until the calculator is
switched off.

Cleaning the Calculator

The calculator can be cleaned with a soft cloth dampened either in clean water or in water
containing a mild detergent. Do not use an excessively wet cloth or allow water to get inside
the calculator. Also, do not use any abrasive cleaners, especially on the display windows or
the tape-drive door!

The air filter should naormally be cleaned about every three months. To clean the filter, first turn
the calculator off. Then remove the filter and either hold it under running water, or wash it in
warm, soapy water, followed by a rinse in clean water. Dry the filter throughly before replacing
it.

Cleaning the Tape Head

The tape head in the tape drive should be cleaned after every eight hours of tape operation. A
procedure is described on page 79.



Service

Loading Paper

The printer uses special heat-sensitive paper. When ordering paper specify HP Part No.
9270-0479.

To load a roll of paper:
1. Lift the calculator top cover and remove the metal spindle. When replacing an old roll,
discard the old paper core and remove any paper left in the printer.
2. Install the new rotl as shown below.
3. Insert the free end of the paper as shown and advance it slowly through the printer
using the thumb wheel.

If the paper catches and folds up under the printer window, remover the window (see below)
and straighten the paper into its intended position. Then replace the window.

Loading Paper

Removing the Printer Window
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Peripheral Tests

The Utility and Test Cartridge has programs for checking operation of each calculator
peripheral and its interface card. If any procedure cannot be completed successtully after
repeated tries:

1. Disconnect the interface(s) from the calculator and verify calculator operation by
running the ROM and Memory Tests (see page 111).

2. Connect one peripheral interface at a time and run the associated test.

3. When you find the test that fails repeatedly, contact the nearest HP sales and service
office for assistance (see the following pages).

Here is a list of peripheral tests, showing the manual in which user instructions are described.

Peripheral Test: File: For Instructions See:

HP 9862A Plotter: 98132A Plotter Interface

Accuracy Test -12 Operating Manual

Performance Test -13 .
HP 9863A Tape Reader -17 Operating Note, P/N  98134-90011
HP 9864A Digitizer -18 Operating Note, P/N 98134-90012
HP 9866A Thermal Printer -19 Operating Note, P/N  98134-90013
HP 9871A Printer -1 98131A Printer Interface Operating

Manual

HP 9883A Tape Reader =23 Operating Note, P/N  98134-90014
HP 9884A Tape Punch —-24 Operating Note, P/N  98134-90015

Example Programs

Some of the example programs described in this manual, and in the interface operating
manuals, are recorded for your convenience on the Utility and Test Cartridge. Here is a list of
the example programs and the page (or other manual) where user instructions are given.

Program: File: For Instructions See:

Tape List -40 page 84
Tape Capacity -41 page 93
Calendar -42 page 49
Combinations (N!) -43 page 56

HP 9862A Plotter: 98132A Plotter Interface
Y = X2 Piot —-45 Operating Manual
Lettering Program -46
Sin X/X Piot ~47
Sampie Data for Digitizing —-48
Compiete Digitizing -49

HP 9864A Digitizer: Operating Note, P/N 98134-30012
Document Alignment -50
Basic Digitizing -51
Line Length and Area —-52

HP 9866A Thermal Printer: Operating Note, P/N 98134-90013
Math Table -55

HP-9871A Printer: 98131A Printer Interface
Math Table -56 Operating Manual
Y = X2 Plot -57
Sin X/X Plot -58
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Appendix 4
Operating Limits

Calculating Range

The dynamic range is from —9.999999999 x 10°° through 9.999999999 x 109. Whenever a
result exceeds that range the error message “OVERFLOW" is printed. (Calculations which
normally result in zero, such as subtracting a number from a number equal to itself, do not
exceed the range of the calculator.)

Error Messages

Improper key or program sequences and incorrect calculations are indicated by printed error
messages. A complete list of error messages is on the inside-back cover.

An error message causes the program to halt, unless it is indicated as a “suppressable error
and program flag 6 is set. For more information see “Flags” in Section 3.

Accuracy Limits

All calculations are computed to 12 siginificant digits, however, the accuracy depends upon
the actual operation. Arithmetic operations (+, —, X and +) are accurate to within one count in
the 12th (least significant) digit.

Guard Digits

All calculations use 12 significant digits and a two-digit exponent. Up to the 10 most-

significant digits can be displayed and printed. The two least-significant digits are called
“guard digits".
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The purpose of the guard digits (which should not be confused with the exponent) is to
maintain maximum accuracy during calculations and also to automatically round the tenth
digit for displayed and printed numbers. The next example shows how to view the guard
digits.

when @B @ is pressed, the value for pi is entered with 12 digits, although only the first ten

are displayed. The last displayed digit is rounded up, from 3 to 4, because the guard digits

contain 60:
= = [ g e el W | InEN
e L L ]
Press -@.@@ (J- (1 33Co3 :_u_:}
- e '
. ) L digit rounded exponent
By subtracting 3.1 from pi, the guard digits can
be seen:
Lt [ g R i i I el B |
3~1@ _ [ T e (3300 ;_u_]
/

former guard digits

Environmental Limits

Temperature range: 5° C (41°F) to 40° C (104° ) ambient.
Humidity: 80%, relative.

Tape Specifications

Tape Cartridge

Usuable tape length: 43m (140 feet) '

Tape capacity: 96,000 bytes (program steps) or 12,000 data registers. '

Dimensions: 63.5mm x 82.5mm x 12.7mm (2.5 inches x 3.25 inches x 0.5 inches).
Tape Drive

Search speed: 1,524mm/sec (60 inches/sec), bidirectional.

Read/Write speed: 254mm/sec (10 inches/sec).

'Typical values are given.



Instruction-Key Index

Index

Instruction Keys Listing See Page
Clear Stack @ - = 3
Clear X "L 3
Clear Registers A through J @ TR 12
Assign Numeric Registers (") - Rk 12,16
Arithmetic HOEOE ) 4
Exchange X & Y @ 2
Roll Stack Up C:) FOLLT 6
Roll Stack Down @
Print X @ 3
Print Stack - @ FRTST 6
. (" alpha 7 g
Print Alpha (eys ) @5 28, 67. 71
Peripheral calls @ (n)(a-0) 73
Recall Last X ] Lz 6
LASY X
Set FIX Format [ ] @ (n) Fl )
Set SCI Format [ ] @ (") Al b 10
Set SCI 3 Format [ ] (") oLl J
Set Degrees [ ] @ L )
Set Radians = @ & > 18
Set Grads - @ -
SIN X ) 2 1
ARC SIN X ) (=) =5 » 19
COS X 3 - J
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index

Instruction Keys Listing See Page

ARC COS X RS
TAN X £y TAH 19
ARC TAN X ) T ATAH
Enter pi - Q T 21
Log e LH
o D@ et

r 20
Logie (o) L
10" D@ J
Summation + ) )
Summation — &) S + 25
Basic Stat (] é ML ST )
Accumulate + (rec>) ST )
Accumulate — ) (ed) S b 04
Recall Total (@ (see>) C )
Polar — Rectangular =) = ]
Rectangular — Polar I R
Decimal Degrees — D.MS - @ R -
D .MS — Decimal Degrees [ ] @ o= )
Y’ 'l'[é] 5
' -
Integer X [ ] @ L 01
Round X - @ i
VX - J
Store in register n (;Ej ( N} ]
Recall from register n f'?-;iu} (n} =8 12
Indirect Store favone] s { /A I O S 3 )
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tnstruction Keys Listing See Page

Indirect Recall @ @ (n) FOL L E )
Register Arithmetic { } (n> STO+ i 1o

. . + e ‘ ;
alijem | o |

Program Instructions

]
t
]

Stop Program

e
P}
Dk
e
i
4
i
iy

End Program gagl EHE
Pause for ¥ sec. . AAAZ FRUSE t 35
Advance Paper — BE83 SFACE
NO OPeration @ dEddd HOF )
Absolute Branches (") daas Gofb S )

@y Lot L

) (n) o _
FERe = } 47, 69,
70

o5
(]
ful
T

Computed Branches

Label (n) ~ &
FXis+ >® aEld IF + *

45,47, 53,97

oy

—t
L]

IF X is — @0 5ALS IF -
IFXis0 @@ aaie [F &
IFX<Y Ce) BELT IF du
X<y ’50
IFX =Y CJ AALE IF Hey
IFX =Y CJ RS
IF Flag n is set COED(n) ARTE [ RET 1

IF Flag n is clear @ (”) Gagst D& T F




126 Index

Instruction Keys Listing See Page
Subroutine Branches o (n) WAZE GOZUE  8ar7s
() @) (n) ARZe GOSUE Lus
. e : §3. 70
Giddd onsiin e > ' '
=0 o7
AOTE GOEdE LY —
DEE | e s
Subroutine Return ™) BEES RETURH )
Set Flag n (n) BRI SEG =
61
Clear Flag n (n) HEZE CFG 2
FOR-NEXT Loops ) (aB.orC) 03l FOF RN
FOR 57
) (asB.orc) HEES HEST £
Tape Cartridge
Rewind Tape fomg AT 76
Mark Tape - SR E! 80
Record Program fecond auEs 83
Record Data @ HEGE 88
Load Program or Data A 84, 90
Load & Run Program (;9 ERERER 85
Verify File @ BEIY VERIFY 90
Identify File 82
Record Secured Program frcong 91
Editing Keys (not programmable)
List Program () —_— 35, 63, 69
Increment Program Counter (o) —_ 36, 63, 64, 69
Decrement Program Counter (= - 36, 63, 69
insert Steps ) (:ee:;) &) - 63. 66
Delete Steps ™) _— 63, 65
Erase Program Memory _- 34, 67
Set Alpha Mode - = 63, 67
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Subject Index

Absolute branching .................. 47
Accessorieslist ........... ... 103
Accumulate + (ACC+) function ...... 24
Accuracy (significant digits) ...... ... 121
Alpha:
additional characters ............ 71
editing ... 67
Mode ... 28
printing ......... ..o e 28
Assigning data registers ............. 16
Arccosine; Arcsine; Arctangent ... .. .. 19
Arithmetic:
andthestack .................... 6
chain ......... ... i 8
register ... 14
AUTOSTARTmode .................. 92
BACKSPACE/RESET key ............ 4,63
BCD Interface (HP 98133A) .......... xiii
Branching:
absolute .......... .. ...l 47
computed ........... ... 47
BITOMS . ottt 70
Speed ... 69
subroutine ............. ... ... 53
symbolic (labels) ................ 45
MBusy'display ... oL 2

Calculatingrange .................... 121
Calculator:
cleaning ............ ... . ..ol 112
fuses ... 105
grounding.......... .. ... 105
initial turn-on ... ......... .. 106
inspection . ............. ... . ... 103
installation ...................... 103
keyboard ................ viii (foldout)
power requirements ............. 111
overflow ................. ... ..., 121
CALL sequences (peripherals) ....... 72
Cartridge,data...................... 77
Change signkey .................... 3
Changing program instructions ... .. .. 64

Clearing:
key sequences .................. 4
programmemory ................ 67
stack ........ P 4
storage registers .............. 13, 18
X-register ...l 4
Common iog (log*®) ................. 20
Complex arithmetic .............. 24
Computed branching ............ 47
Conversions:
D.MS/decimal degrees . .......... 23
rectangular/polar ................ 22
Correcting (editing) programs ......... 63
Datastorage ......... ...t 12
Data (tape) Cartridge ................ 77
Decimal degrees/D.MS conversion ... 23
Degrees (DEGS) units ............... 19
Definable (special) functions ......... 97
Deleting:
programsteps................... 65
summationdata ................. 25
Digitizer (HP 9864A) . ................ Xii
Display:
“busy" display ............. . ..., 2
FiIXformat....................... 10
initial (turn-on) .. ....... ... ... 106
programentry ................... 37
overflow ....... ... . ... ... .. 117
roundingof................ ... ... 10
scientific notation ................ 10
e
Editing:
alpha ......... ... 67
Programs ..................oo... 63
END instruction ..................... 35
ENTER instruction ................... 6
Equipmentlist....................... 103
Enter exponent (EEX)key ............ 3
Error messages ...... (inside-back cover)
Error detection (tape) ................ 79
Example programsontape ........... 118
Exchange Xand Ykey ............... 6
Expanded memory (option 001) ....... X

Exponential function . ................ 20
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f

Factorial, program for calculating . . . ..
File structure of tape . .............. ..
Fixed point display
FLAG instructions
Flowcharting ...................... ..
Formats (numbers) ............... ...
FOR-NEXT instructions
Functions:
arithmetic
editing ................. ... ... ...
program control
scientific ................... ... ..
special (definable) ........... . ...
trigonometric ................ ...,
Fuse,calculator .................. ...

General /O Interface (HP 98134A) .. ..
GOSUB (and RETURN) instructions . . .
GOTO instructions . ..................
Gradsunits ............... ... ...
Grounding requirements (calculator) . .
Guarddigits .........................

HP-IB Interface (HP 98135A) ..........

IDENTIFY instruction. ................
IFinstructions .......................
Improper operations . ................
Increasing calculator memory
Index, key ...........................
Indirect storage & recall
Initial display . ..................... ..
INSERTkey .........................
Inspection, calculator . ...............
Installation, calculator
Instructions, program:

changing

entering . ........................

recording

securing ........................
integer (INT) function .. ............ ..
Interfaces . ..........................

19
105
121

Keyboard drawing .. ............ ... . viii
Keyboard magazine .................. Xiv
Keyindex ......................... .. 123
Keying in exponents of ten . ....... ... 3
Keyinginnumbers.................... 3
LABEL instructions:

withGOTO ...................... 47

withGOSUB ..................... 53

with special functions ............ 97
LAST X function . ................. ... 6
Listing programs .................... 63
LOAD instructions:

data ........... ... .. ....... ..., 90

programs ....................... 84
Logarithmic functions . ............... 20
Looping (inaprogram) .............. 57

Imn

Manipulating stack contents . ......... 6
Manual summary ................. ... ii
MARK (tape) instruction . ........ .. ... 80
Mean.. ... ... ... ... ... ... ... ... .. 25
Memory:

data ................. . ... .. 16

operational stack ................ 6

program ... 34

I
Natural logarithms ................ ... 20
Negative numbers ................. .. 3
NEXT (and FOR) instructions ......... 57
No operation (NOP) instruction . ... ... 35
Normal (NORM)mode .......... ... .. 27
Number formats ................... .. 10
O

Overflow .................... ... .. .. ix
Overlays, key .................... ... 99



Paper (printer):
loading ............. ... ...,
ordering ....... ... ...l
PAUSE instruction ...................
Peripheratcontrol ...................
Peripheraltests .....................
Pia) . .oooooo
Plotter (HP 9862A)...................
Polar/rectangular conversion .........
Positioning numbers in the stack ... ...
Power requirements, calculator ... ....
Powers, raising numbersto ..........
Print-all (ALL)mode .................
PRINT ALPHA (PRNT « ) instruction . ..
Printers (HP 9866A and 9871A) .......
PRINT instruction .. ..................
Program:
correcting .. ..... ... ..
counter (PC) ....................
directory ............ ... . ...
erasing ..............iiiia.
recording ................ ...
TUNNING ..o
writing ... . oo
Protected tape cartridges ............

r

Radians (RADS) units ................
Raising numbers to powers ..........
Range, calculating ..................
Recallingdata ......................
Reciprocal (1/x) function .............
RECORD instructions:

data ................

Program .............oiieieai...

secure program .................
Rectanguiar/polar conversion ........
Register(s):

arithmetic . ........... ... .. ......

LASTX ... ..

storage .............. ... ...
RETURN instructions:

withGOSUB .....................

with special functions ............
Reverse Polish Notation (RPN) .......
REWIND instruction. .................
ROLL DOWN & ROLL UP keys . .......
Root (SQRT) function ........ e
ROUND function ....................
Rounding of display .................
RUNmode ..........................
Runningaprogram ..................
RUN/STOP key ......................

Index

S
Scientific functions ............. ... .. 18 .
Scientific notation ........... ... . ..., 11
Service, calculator ........... ... . .. 111
Sine (SIN) function .................. 19
Single-stepping a program ........... 64
SPACE instruction ................... 35
Square root (SQRT) function .. . .... ... 21
Special (defined) functions ... ........ 97
Special HP programs ................ 82
Stack:
arithmetic . .................... .. 6
clearin@ .......... ... ... 4
manipulating contents .. ........ .. 6
position of numbers ......... ... .. 6
printing .......... . . o 6
Standard deviation ........... ... .... 25
Statistical functions .. ...... ... ... .. .. 25
STEPKkey ... ... ..o 63
STOP instruction .................... 35
Storage registers:
arithmetic ....................... 14
clearing .......... ... ... ... 13,18
indirect operations ............... 15
numeric-named . ................. 12
andstat...... ... ... ... ... ... ..., 25
and summation (T+,3-)......... 24
Symbolic branching (labels) ...... .. .. 45
Tangent (TAN) function .............. 19
Tape cartridge ...................... 77
Tape-drive operations . .............. 76
Tape Punch (HP 9884A) .. ... .. ....... Xii
Tape Readers (HP 9863A and 9883A) . xii
Temperature range, caiculator .. .. ... 122
Thermal Printer (HP.9866A) ....... .. .. Xi
Trigonometric functions .............. 19
Turn-on procedure, calculator ...... .. 106
u
Utility & Test Cartridge .. ...... ... 111,118
A%
Vector (ACC+, ACC-) functions .. ... 24
VERIFY (tape) instructions ........... 90

129



ERROR MESSAGES

* OYERFLOW Number or result exceeds calculating range.
* SQRT OF YEG #

*DIVISION BY ZERO

*LOG OF # <=4

# NO I-0 DEWICE Peripheral device or interface not connected.

ILLEGAL ARODRESS Improper step address or storage register specified.

ILLEGAL ARGUMEMT  Improper value for operation (e.g., ASIN, ACOS of no. >1 or
<1; over 7 digits converted to D.MS format).

MEMORY OWERFLOWM Program instruction, storage register assignment, or program
loaded from tape exceeds available memory.

SOSUE OVERFLOW More than seven subroutines (including special functions)
nested at a time.

KEY HOT DEFIHED Special function just called is not defined.

IMPROFPER SYHTRAX  Incorrectuseof (<) (=) 2 DD o D

# CHECKSUM ERROFR Program or data loaded into calculator not identical to that in

file; this usually indicates a dirty tape head or a worn tape. See
“Cleaning the Tape Head" in Section 4.

= VERIFY FARILED Program or data in file not identical to that in calculator. See
“Error Detection” in Section 4.

MREOHG FILE TYFE Attempting to load an empty, extra, or binary file; recording on
an extra file.

END OF TAFE End of tape reached during MARK operation. Also indicates a
broken or defective tape; if the tape does not appear to be
broken, (advance it using the drive wheel), replace the car-
tridge, press ¢ . and continue.

FEOTECTED TAFE The cartridge RECORD slide is positioned to prevent MARK
and RECORD operations.

SECURED MEMORY Attempting to list, edit, or record a secured program.
MISSIMG FOR STHT

LABEL HOT FOUMD

FILE HOT FOUND

FILE ToO SMALL

CARTRIDGE oQuT

MISSING GOSUB

'Thnomammwmubb:nu‘ﬂum"hsma.



