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Hello, Voyager Owner and/or User!

I will not congratulate you for buying or using one of the most interesting series of
calculators ever offered by Hewlett-Packard. HP surely has already done that!

| found some spare time to put together the information herein and offer it as a book,
a personal homage to both Hewlett-Packard design team and you, final user. Please,
if you find the time to share additional wisdom (and to correct my Latin-flavored
English...), feel free to drop me an e-mail at:

linux_lcv@yahoo.com.br

The book has been written with you in mind, so you are the first one to tell if it fits
your needs or not. Your suggestions, corrections and any kind of contribution will be
welcome.

As a matter of fact, some of what is written was copied-&-pasted from original HP
manuals. | do not deny this fact, and because the book is not for commercial pur-
poses (if you bought this book, sue someone!) and it addresses HP users, | took it as
harmless. Any lawyers reading, please?

Maybe you already have read some of my posts at the MoHPC, and if you do not
know about this yet, you are probably wondering if | am a native English speaker.
Well, I’'m not. I’'m a native Portuguese speaker, and if you complain for studying
Spanish, you don’t know how lucky you are! Portuguese is a pain in the...

Sorry! So please, forgive me if whatever you read is awkward or hard to understand.
I did not mean to be mean! If you are convinced my English writing is awkward
that’s because you have not heard me speaking yet...d8"D

‘Nough said, | really hope you enjoy reading this book as much as | enjoyed writing
it. Or even more! | really had a good time writing it, | actually would like knowing
English a bit more so | could be sure | wrote what | meant.

Thanks and best regards.

Luiz Claudio Vieira

Araguari - MG, Brazil. September 2009.
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Read this first, please.

This book is intended to show the many resources available with the HP
Voyagers HP10C, HP11C, HP12C, HP15C and HP16C. These calculators
are state-of-the-art products made by Hewlett-Packard Company and are
meant to be precise, long lasting, high-quality tools for personal computa-
tion. If you do not have access to or do not know any of these calculators,
this is the very moment to get acquainted to their powerful resources.

We hope you enjoy reading this book, at the same time it is our wish that
you find all of the information you need here. If you have comments, sug-
gestions or simply want to share your experience with us, feel free to add
your post at:

www.hpmuseum.com

Testing your Calculator

If you already know how to perform the tests described below, just skip to
the next subject: Setting Up the Calculator. If you want to test your calcula-
tor and do not know how to do it, go ahead reading. The execution of these
tests does not change memory contents.

Please, locate the key (lower-left corner) and check if your calculator
can be turned on and off. Now, locate the (x) key and:

1) make sure that the calculator is turned off;

2) press and hold down the (X key;

3) while X)is held down, turn the calculator on;

4) release the (x) key (this test is also known as (ON)/(X) test)

If everything is fine, a flashing| " ¥ ™™ ‘™8  message is shown for a
few seconds. If the | ¥ ™™ ‘™8  message is not shown, please start
the procedure again from step # 1. The average time spent for the test is 10
seconds for the HP10C, 25 seconds for the HP15C and 13 seconds for the
others.
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| HPlOC HP11C HP12C HPISC HP16C
(ONJ(X) time spent: |  ~10s ~13s  ~13s 255 ~13s

While the test is "™ ¥ ™™ ‘™8 do not press any key unless the expected
time to resume is exceeded. In some rare situations, the test falls into an
endless loop and, in this case, it may be necessary to remove the batteries.
If you believe you have to remove the batteries, keep in mind that the
memory contents may be lost.

The (ON)/(%) test normally resumes in one of two ways:

l-&&a&a&&;&a
e the display shows USER [ g BECIN GRADDMYC PROVAY which means the
calculator internals are working fine;

[ Frror 95
e the display shows

calculator needs service.

] which means the

The (ON)/(X) test may also be performed with the sequence with a
small difference: (ON)/(+) starts an endless loop that must be interrupted by
pressing any key but the key. If you press the key in this case, the
calculator is turned off immediately after the test finishes and you will not
be able to see how the test ends.

To test the keyboard, locate the (=) key and:

1) turn the calculator off;

2) press and hold down the (=] key;

3) while (®)is held down, turn the calculator on;
4) release the (=) key.

At this point, the user must press all keys in the keyboard, following a
predefined sequence. The drawing below represents this sequence: the four
arrows over the keys show the keystroke sequence that should be followed.

Voyagers in Brief — 1* ed. — 08/2009 -MoHPC - LCV
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Note that the key must be pressed twice, one time for the third row
and another time for the fourth row. To help the user, a different pattern is
shown in the display each time a different key is pressed.

1% row SESEe
2" row e
3" row —"e e R e
4" row N @ i 10T é . 3

[MHEWLETT.PACKARD

If the test succeeds, the two digits that |dent|fy the calculator model are
shown in the middle of the LCD: HH , i , etc.

If any key repeats or fails when pressed, | Errar 3 s shown in
the display. This message is also shown if you inadvertently press the same
key twice or skip one of them. In the case Errar 3 isshownin
the display, you should press any key to clear the message out. A number
identifying the failing key is placed in the display (maintenance purposes

only).

If the calculator does not properly respond to keystrokes, a machine reset
may be performed. To perform the machine reset, please locate the shaded
key shown in the drawing below (the key is shaded for location purposes).
Although performing the same task in the machine reset, the shaded key
shows a different label for each calculator:

° in the HP10C, HP11C and HP15C
° in the HP12C
e (Dinthe HP16C

Calculator Key |Ca|cu|ator Key |Ca|cu|ator Key
10C, 11C, 15C | 12C | 16C D)
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The machine-reset procedure is the same to all of them:

e press and release both and the equivalent shaded key for your
calculator at the same time (see the keyboard diagram below).

HEEasEBEEHEEE
HEERHBEBEEEEE
@@
(ov] (O =) () | ) () ) [

SOHEWLETT-PACKARDI

[mM—Zm

The expected reaction is a change in the display contents, hence you should
clear the display contents with after a machine reset. Normally, the
machine reset does not cause the calculator to lose memory contents.

Reset the calculator to the default state

All Voyagers offer an easy and fast way to clear all memory contents and
reset all settings to their default state. For each model, this default state has
some particular references, and they are summarized in the table below.

Once you decide to reset calculator memory to the default state, keep in
mind that this action cannot be undone, meaning that there is no way to
restore memory contents once the procedure is completed. To perform the
so called "master clear" or "master reset", locate the (=) key and:

1) turn the calculator off;

2) press and hold down the (=) key;

3) while (=) is held down, turn the calculator on;
4) release the (=) key

The display shouldread . Pr Errar | which means all memory
contents are lost and all settings are in their default condition, according to
the following table.
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Default after | Display | Available Memory Memory | Flags
reset Mode | program | Registers | contents | status
HP10C FIX 4 9 steps 10
HP11C FIX 4 63 steps 21 All cleared
HP12C FIX2 | 8steps o5l cleared
HP15C FIX4 | 46 regs 2 21 cleared
HP16CS HEX 0 201 cleared

Setting Up the Calculator

The keyboard of each Voyager has two prefix keys: and @D (except for
the HP10C, that has only the prefix key). So, many keys in the key-
board allow either a second or even a third action to be performed.

<—— To perform this action, press &8 first then press the key

R‘ -« To perform this action, simply press the key

To perform this action, press @B first then press the key
« (@D prefix key is not available in the HP10C)

In order to "see" the same things in any of the VVoyagers while following
the examples, it is necessary to set the display format accordingly. To clear
the display contents to zero we use (CLxJ, located at the left of the
key. Press the key if is printed in the top of the key with white

1 . ’ ] . .
The available memory for the HP12C takes into account the financial registers

2 The available memory for program in the HP15C is defined by the movable partition, ex-
plained in the HP15C's specific chapter

3 In the HP16C, the default condition also comprises word size of 16 bits and 2’s complement
mode
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letters (HP10C, HP12C), or press the B key prior to press if is
printed in blue, in the slanted face of the key (HP11C, HP15C, HP16C).
The number you see now in the display should be zero. If the display does
not read | .0 OO0 , please set it according to the instructions be-

low.

If you are using an HP10C, 11C or 15C, locate the (7) key and check for
printed over it, in the keyboard faceplate. Press the following keys in
this sequence:

4
If you have an HP12C, you may notice that the default display is
R (financial intended) instead of | f.0 DO D . If you

want to change it to four decimal places, simply press:
4

If your calculator is an HP16C, then the default display after @B(CLx) is

h instead of | GO OOD . To change the current
number representation to a representation with four decimal places, first
locate the key and verify that is printed over it, in the key-
board faceplate. Then press:

ENTER) 4

You can choose either a dot as radix mark and comma for thousands sepa-
rator or the opposite. If you want to change the current radix mark setting
in your calculator, locate the (-] key and:

1) turn the calculator off;

2) press and hold down the (=) key;

3) while (3] is held down, turn the calculator on;

4) release the (<] key (this sequence is also referred to as (ONY/(+))

You can repeat this procedure as many times as you want to, and each time
you do it, the separators will be exchanged with each other.

4 is needed because the HP16C will try to compute a floating-point equivalent.
Voyagers in Brief — 1* ed. — 08/2009 -MoHPC - LCV
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Annunciators

If your calculator is working fine, the following display is shown after the
internal circuitry test is performed (either (ON)/(X] or (ON)/(+) sequence):

[ - B,8,8,8,8,8,8,8,8,8,

USER f g BEGIN GRADD.MY C PRGM

The set of characters that appear in the bottom of the display are named
annunciators, and they signalize (announce) a particular operating condi-
tion at the moment you are using the calculator. Their meaning is summa-
rized in the table below.

Annunciator

Meaning

*

When this annunciator flashes, batteries should be changed
for new, fresh ones. In normal operation, it is off.

f key pressed, prefix action active
g @D key pressed, prefix action active (except HP10C)
USER User keyboard active (HP11C/HP15C only)
BEGIN | Payment in advance (HP12C only)
G Out-of-Range condition (HP16C only)
GRAD grads angle mode set (HP10C/HP11C/HP15C)
RAD radians angle mode set (HP10C/HP11C/HP15C)
D.MY dd.mmyyyy data mode selected (HP12C only)
HP12C: perform compound interest in odd period
C HP15C: flag 8 is set, complex mode active
HP16C: flag 5 is set, carry/borrow condition occurred
PRGM program mode active

If there is no specific mention, the annunciator has the same meaning in all

models.
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The HP15C and the Complex Mode

If you decided not to perform the master clear ((ON)/(=)), chances are that
some of the annunciators mentioned above are active in the display. There
is no need to change any of them for now because the relevant conditions
will be set in the examples. The only remark goes to the HP15C. If you are
using an HP15C and it is set to work with complex numbers, the small ¢
annunciator is visible, and some functions that would produce error mes-
sages in the other calculators may produce complex results in the HP15C in
complex mode, instead. To change this, locate the () key and verify that
is printed in the front, slanted face of it. To turn the complex mode off,
please use the following keystroke sequence:

[ g [(daRe

Contents of this Book, Credits and Copyright

Most of the contents of this book were taken from the original VVoyagers
manuals, with the sole purpose of keeping original texts. This book is not
credited to a particular author, it is copyrighted to the MoHPC, Museum of
Hewlett-Packard Calculators, and its curator, Dave Hicks. The compilation
of data, its organization in chapters and additional, original texts provided
by Luiz Claudio Vieira.
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Fundamentals
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Introduction

Hewlett-Packard introduced the first Voyager Series in 1981 (HP11C and
HP12C) and the remaining ones in 1982 (HP10C, HP15C and HP16C).

Model | 10C 11C 12C 15C 16C

Intro-Disc | 1982-84  1981-89  1981-(*) 1982-89  1982-89
(*) still in production

The reference made to each VVoyager on their particular Owner's Handbook
suggests that they are "specialized" on specific subjects:

HP10C / 11C: Programmable Scientific Calculator;

HP12C: Programmable Financial Calculator;

HP15C: Advanced Programmable Scientific Calculator; and
HP16C: Computer Scientist

How Voyagers’ features are treated in this book

The many features common to all VVoyagers are shown and discussed in this
book at the same time. The features that are common but equal are also
shown, and any necessary remarks were added so that all differences for
each model are discussed, too. The specific features for the three most
specialized models are shown and discussed in their specific chapters.

Function Tables

The two tables below summarize all functions in each model, represented
by their corresponding key label. The first table is focused on groups of
functions available in all five models, except for Statistics, not available in
the HP16C, and trigonometry-related functions, not available in both
HP12C and HP16C. The second table shows particular resources available
with the more specialized models: HP12C, HP15C and HP16C.
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Model 10C 11C 12C 15C 16C
(SIN) (SIN) (SIN)

. TAN TAN
Trigonometry, (>H) (>H)
Hyperbolic and

related functions
HYP-

The table below summarizes the specific functions available with the
HP12C, HP15C and HP16C.

HP12C HP15C HP16C
() @ (Y (PMD (EV)
(12x) (12=) (CEo) (CF)) (NJ)

Some important points:

e the HP16C’s exclusive key (Back SPace) acts exactly the same as
available in the HP11C/15C;

e both HP12C and HP16C have no neither keys, but either
() (HP12C) or () (HP16C) causes the numbers in the dis-
play to be shown the same way as in the other three models

e register arithmetic in the HP12C is defined only in the range Ro to R4

e there are 12 conditional tests in the HP15C, being and
directly available in the keyboard (common to all VVoyagers). @
to (TEST) (9) provide the other ten conditional tests available in the
HP15C, described in the chapter about programming.
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Keyboard Resources

As mentioned previously, except for the HP10C that has only the &2 prefix
key, each Voyager offers two prefix keys: and @. This means that
many keys in the keyboard allow not only the primary action to be per-
formed for each key, but also a second or even a third one. The term func-
tion is used in this text as a general reference to the action performed by the
calculator when a key is pressed. The term instruction may also be found.

4—To execute this function, press &8 first, then press the key

R‘ <4—To execute this function, simply press the key:

To execute this function, press @ first, then press the key;
commonly referred to as @B[R®) (except the HP10C)

The previous function tables allow an easy identification of the common
functions to all Voyagers. The few ones that share the same location in the
keyboard are shown in the picture below”.

HEREBEEEHEEE
BEREBEEEEEE
@@
Lon] 8 (O ) () | ) ) ) [

THEWLETTPACKARDI

am—<Zm

Amongst the many functions common to all VVoyagers, some actually share
the same location in a few models. As an example, is available in all of
the Voyagers and shares the same location in the keyboard of the HP10C,
HP11C and HP15C. In the HP12C it has a different location, and in the
HP16C it is a prefixed function: @B(AJ. In order to keep a shorter main text,
prefix keys are suppressed unless their use is necessary or clarifying.

5 Although the HP10C has no EB prefix key, the color was kept for practical purposes only
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Getting Started

Power On and Off

Press to turn the calculator on and off. The calculator automatically
turns itself off to conserve battery power if left inactive for about ten min-
utes.

Keying In Numbers

The real numbers your calculator handles as data can be represented as:
+(mantissa) x10Ponem

where mantissa is a ten-digit real number® in the range {1 < mantissa <

10}, and exponent (also: ‘exponent of ten’) is an integer in the range {-99

< exponent < 99}. The gray areas in the diagram below represent the

working range in all Voyagers:

-9.999999999x10% -1x10%°0 1x10™ 9.999999999x10%

The keys used to key in numbers in your calculator (digit entry keys.) are:

©.0' ® X’ °

To key in any number, use the digit keys ((@) to (9)). After keying in the
integer part of the mantissa, press (<] to enter the fraction part of it.

6 Some discussions about the HP15C lead to the conclusion that it uses an internal representation
of a 13-digit mantissa, instead

When using an HP16C in hexadecimal, integer mode, (A) to (F) are used to key in numbers.
The keystroke sequence to enter an exponent of ten in the HP16C is
o HP11C and HP15C only
Voyagers in Brief — 1* ed. — 08/2009 -MoHPC - LCV
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To enter an exponent of ten, press right after keying in the mantissa,
then enter the exponent of ten. Note that is ignored if pressed after
keying in a mantissa that has more than seven digits in the integer part.

Use to change the signal of either the mantissa or the exponent of ten
while it’s been keyed in. If is pressed after digit entry is finished, it
changes only the sign of the mantissa.

While keying in numbers, the HP11C, HP15C and HP16C allow backspac-
ing. The backspacing key for the HP11C or HP15C is €. The HP16C has
the key, instead. Neither the HP10C nor the HP12C have backspacing
capability.

Some important facts:

e Any other keys but the digit entry keys terminate digit entry.
e None of the Voyagers allow editing numbers already entered.
e Use to replace the display contents to = . & 0 [

Display Control

All voyagers allow numbers already keyed in to be showed either with n
fixed decimal places or in scientific notation. The HP10C, HP11C and
HP15C also allow numbers to be shown in engineering notation. The fol-
lowing tables show the keystrokes to do so.

Fixed Decimal Places

The fraction part of a number can be shown in the display with a fixed
number of places, from zero to a maximum of nine. To define the number
of places to be shown in the fraction part, use one of the following se-
quences:

HP10C, HP11C, HP15C | HP12C ‘ HP16C
(0to9) | (0to9) ‘ (0to9)
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When set to show numbers with fixed decimal places, the calculator will
automatically switch the representation to scientific notation if the magni-
tude of the number does not allow it to be correctly shown.

Scientific Notation

Numbers in scientific notation are shown as a mantissa and an exponent of
ten, in the range previously discussed in the beginning of this topic. The
HP10C, HP11C® and HP15C allow choosing how many significant digits
to show in the mantissa. The HP12C and the HP16C allow only setting
scientific notation, and in their case, the mantissa is always shown with
seven digits.

HP10C, HP11C, HP15C | HP12C ‘ HP16C
0to9 | © ‘ J

Engineering Notation (HP10C, HP11C, HP15C)

Engineering notation can be seen as a modified scientific notation where
the exponent of ten is the closest multiple of three that ensures the mantissa
is shown in the range 0<|M|<1000 (M is the mantissa). The argument for
engineering means how many .

O0to9

RPN

RPN (short for Reverse Polish Notation) is the core of most HP calcula-
tors, all VVoyagers included. After setting up the calculator the way shown
above, exploring the available resources through RPN becomes an easy
task.

10 Although the sequences 8, 9, 8 and 9 are valid for the HP11C,
they are replaced for 7 or 7 if keyed in while loading programs.
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One- and Two-number Functions and the key.

Some functions available in your calculator operate only in the number
shown in the display. These are called one-number functions. Other func-
tions need two numbers to generate results, and they are consequently
called two-number functions. If you need to sequentially enter two numbers
in order to perform a two-number calculation, use to indicate that
the following digit keys are part of a new number.

Clearing Functions

Whenever a series of calculations are about to start, it is a good idea to
understand how do clearing functions work, so only unnecessary data will
be cleared, whenever needed. All voyagers have their clearing functions,
grouped under a large brace (shortly noted as ) at the left side of
the key. The clearing functions that are common to all models are:

- clears partial keystroke sequences, including ¢ and 4 annun-
ciators, if applicable. is not programmable.

- sets the contents of all available registers to 0.0 & 0 I . In the
"

HP12C, the registers for grouped cash flow (Nj) are all set to w «.
cannot be part of a program in the HP12C.

- if performed while in program mode, clears all program
memory (erases all existing programs); in normal, run mode, simply sets
program memory to step # L (HP10C, HP12C) or G L (HP11C,
HP15C, HP16C). is not programmable.

The other clearing functions are:

- HP11C, HP12C and HP15C. Clears accumulated data related to
statistics, stored in memory registers designated to store them. Please,
check the label in the back of your calculator for their locations. Also clears

the contents of stack registers X, Y, Z and T to .0 & & {7

- HP12C only - Sets financial registers (n), (), (PV), and
to zero; all other registers remain intact.
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Memory in General

The best way to start using any Voyagers' features is by understanding the
Automatic Memory Stack. The secret of RPN efficient usage is the best
understanding of the stack register manipulation. Because of its man-
machine interface specially developed to financial computations, the
HP12C's manual leaves stack register manipulation to Appendix A. All
other Voyagers’ manuals deal with the Automatic Memory Stack in their
first chapters.

Stack Registers

All Hewlett-Packard calculators with RPN interface use the basic 4-level
automatic memory stack. The stack itself is a dedicated memory structure
over which contents almost all keyboard operations are performed when the
calculator is in Run mode (that is, when the prem annunciator is not dis-
played). The number that appears in the display is the number in the X-
register.

<N -
£3 C3 £3
l::| £33
£ £3 £3
r:: £3 £3
£3 £3 £3

x _ (normally displayed)
L OO0O00 (astX)
The Automatic Memory Stack Registers and their names

Complex calculations are easily performed because the stack registers
automatically retain and return intermediate results. These features are
based on the automatic memory stack and mostly the key.

Numbers in the stack are available on a last-in, first-out basis. Any number
keyed in or resulting from the execution of a numeric function is placed in
the display (X-register). Executing a function or keying in a number will
cause stack registers contents either to lift, remain in the same register or
drop, depending upon the type of operation being performed. If, as a result
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of any applied function, the X-register contents are changed, its previous
contents are saved in LSTx (Last X) register. Last X contents are retriev-
able through EB(LSTx). Consider that the stack is loaded with four arbitrary
numbers a, b, ¢ and d, as shown below. Pressing the indicated keys would
result in the stack rearrangement shown on the right of each illustration.

lost
T d ;: c d] »[d
Z c b c »| C
Y b | a b | »| b
X a | | 783 a a
9

X
@
<
[%2])
o
0
L1
f
o

Notice that the square-root is located in different key locations, according
to your calculator model. Also, notice the contents of the T-register being
lost when new numbers are “‘pulled” into the automatic memory stack. This
is called “automatic stack lift’.

Functions and Keys for Stack Manipulation
- actually performs three operations:

e lifts the stack contents up.

e copies the number in the display (X-register) into the Y-register.

e disables automatic stack lift; if a number is keyed in right after (ENTER),
X-register contents are overwritten and stack contents do not lift.

ENTER) is mostly used for separating numbers that are keyed in one after
the other, mostly when performing two-number functions.

- Roll-down - rotates stack-contents down, placing X-register current
contents into T-register while other contents ‘drop’ down one register.
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ecrD"- Roll up - opposed to (R¥), rotates stack contents up.

- X exchanges Y - exchanges contents of registers X and Y in auto-
matic stack

2. x exchanges register contents - exchanges contents of stack
register X and one amongst some possible registers (discussed later)

(€™ - Clear X-register contents - Sets X-register contents to 0.0 &0 T ;

also disables stack lift.

©"/@sP® - back space key - while keying in numbers, allows last digit
to be cleared; works as if the number has already been entered. Also
used for editing programs.

ST - Last X - copies Last X register contents into the X-register

The diagrams below show automatic stack contents when performing
several different calculations.

T| d [ b b b
Z c b a a b
Y| b a c c a
X| a c c 3 [
Keys 2 3 )
T| b b b b b
Z b a a a b
Y| a [ [ [ a
X| B (B [H o -4
Keys 18 CLx 10 =)

u Not available with the HP10C, nor with the HP12C
12 Auvailable only in the HP15C
13 In the HP11C, HP15C and HP16C, is a prefixed key: EB(CLx)
14 Auvailable only in the HP11C and HP15C
5 Auvailable only in the HP16C
in the HP10C
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T b b b a 3

Zl b a a o a

Y| a =M o - M {0

X| -4 o = & 3 -
Keys X% 3

Numbered Registers

Voyagers’ memory is organized in such a way that numeric data and pro-
gram lines share the same memory structures without conflicting with each
other. Please, refer to the tables in page 56, under Programming, for a
detailed and complete view of memory organization in each VVoyager.

Storing and retrieving (recalling) data is particularly useful when dealing
either with large database or intermediate results. All voyagers use registers
to store user data, and these registers are identified by numbers: register 0,
register 1, and so on. Except for the HP10C, existing registers above regis-
ter 9 are identified with the use of the dot ((J) key preceding their identify-
ing numbers: register (4J 0, register (=) 1, etc. The use of numbered data
registers makes it easy to perform many tasks, and except for the HP16C,
all Voyagers also allow arithmetic operations with registers contents.

Storing data

Provided that a number to be stored is in the display (thus stored in the X-
register), pressing followed by a register identification®’ creates a
copy of this number into the designated register. Current X-register con-
tents remain and previous register contents are lost. The diagram below
illustrates the action of storing number 10 in register 0 (Ro).

= Both the HP12C and the HP15C allow the use of specific register identifiers. The HP12C has
financial keys (n), (), (PV), and (FV), each one associated with the respective financial
register. The HP15C allows storing and recalling of matrix elements through (A) to (E) keys.
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Before /LCD (normally shown) 4 After

| iooooo ——>G&100 —>| {08800 |

[any value | | toopoo |

Ro l:20

Retrieving data (recall)

Provided that a number is stored in a known register, pressing fol-
lowed by the register identification™® creates a copy of this number into the
X-register. Current X-register contents may either be replaced by the re-
trieved number or pushed into the stack, according to previous status.
Current Ro contents remain. The diagram below illustrates the action of
recalling Ro contents to the stack.

Before /LCD (normally shown) \a  After
|anyva|ue | (RCD O —>| ooooo |

(Fmmrmomor
IREEEEE | »| iooooo |

Ro RO

Register Arithmetic 19

Instead of replacing the contents of a numbered register, it can be added,
subtracted, multiplied or divided by the contents of the X-register. X-
register contents remain, and register contents changes according to the
selected operation. The diagrams below illustrate the registers contents for
register addition and division. Consider that 5 has been keyed in.

18 Both the HP12C and the HP15C allow the use of specific register identifiers. The HP12C has
financial keys (n), (), (PV), and (FV), each one associated with the respective financial
register. The HP15C allows storing and recalling of matrix elements through (A) to (E) keys.

All voyagers but the HP16C
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Before A/LCD (normally shown) a  After
| szoca — sromo0 —>| 56808 |

| »| isoooo |

Ro Ro

L]
L]
C
C
L]

Before /LCD (normally shown) 4 After

| szoca —> sToz10 —| 50088 |

xNs NNyl
| isaooo | —| 30000 |

Ro R0

OO T

Keep in mind that trying (STO)=) to any register when zero (.4 i) is
in the display always return Errar O message (division-by-0 error)
and no operation is performed.

Remarks

The HP11C restricts register arithmetic to the first 10 numbered registers
(Ro to Rg), while the HP12C restricts it to the first five (Ro to R4). The
HP15C also allows register arithmetic with (RCL), and this will be covered
in its specific chapter. Also, because of its extended functions and the way
they apply to registers, the HP15C provides extra register handling that will
be explored in its specific chapter.
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Indexed (indirect) Register Access?

Either the HP11C, the HP15C or the HP16C allows indirect access to
registers contents through a special index register, the I-register ((1)).
Indexed storing, retrieving or arithmetic? is possible. Although the indirect
access to registers contents may seem meaningless when direct addressing
is possible, it proves to be useful in programs and necessary to access
registers out of the range of the direct addressingzz.

Indexed access to registers implies the use of the index register contents to
point to the register which contents will be 1) replaced by the number in the
X-register or 2) retrieved to the X-register. Note that altering the index
register contents is as easy as altering any other register’s because the I-
register behaves as an ordinary register for storing and recalling data. In
order to use its contents as an index, it is necessary to use the ()] identifier.
Only the integer part of the number stored in the index register is used to
indirectly access other registers. The diagrams below illustrate what hap-
pens when using indirect addressing to store the number 32 in Rz and to
retrieve the number previously stored in Ro to the X-register. Make sure to
set the correct data by pressing 2 32:

Before /LCD (normally shown) 4 After

| 32 ——> 10

_>| ]
|any value | \>| 320000 |

Now press 0 and follow the next diagram to recall through the
index register:23

2 HP11C, HP15C and HP16C only

2 Indexed register arithmetic is not available for the HP16C as well

2 HP15C and HP16C only

2z The HP11C and the HP16C allow ( ) as shortcut for (RED 1))
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Before /LCD (normally shown) 4 After

| any value | RCL —>| Soooo |
| soooao | soooo |
R,

In order to extend indirect access functionality, EBIS&) and 924 allow
incrementing and decrementing the contents of the index register25 without
disturbing stack registers contents. They are also design to control loops in
programs.

Interchanging X-register contents with other registers

The HP11C, HP15C and HP16C offer extra functionality with the use of
the index register. With 2% X-register contents are exchanged with
the index registers contents, and with 21 X-register contents are
indirectly exchanged with the register pointed by R;. The following dia-
grams illustrate these features.

Before /LCD (normally shown) Na  After

| scooo — —| ooooo |
| 00000 |—/ \>| 50000 |

24 EB0s2) and ED(DSZ) in the HP16C
% EB(0SS) | | and EBDSE) | | in the HP15C; applies to any numbered register, too.
% in the HP15C
2z in the HP15C
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In order to follow the next diagram accordingly, please press 2 ,
forcing the index register to point to R.. Now enter 5 in the display:

Before

Remark: HP15C’s function

The HP15C expands register interchange even more. Because it has

as a separate keystroke sequence, X-register contents can be exchanged
with any of the 20 low-numbered registers directly. This means that key-
strokes between 0 and .9 are valid keystrokes, and can also
be part of any program. For instance, the HP15C allows performing the
following operation without the use of the index register:

Before /LCD (normally shown) A After

| 2enaoe — 2—| 50008 |

[}
Ex
£3
£3
£3
ny
ru
Ex
£3
o
£3
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Numeric Functions

This chapter relates all numeric functions available in all voyagers, grouped
into a few specific areas when necessary.

One- and Two-Number Functions

The basic concept of one- and two-number functions easily applies to any
of the numeric functions viewed here, just keep in mind the general rule:
executing any function (pressing its related key) immediately applies it to
the arguments that must be previously placed in the relevant stack registers.
The diagram below illustrates what happens when a one-number function is
performed.

any one-number
function
X |previous x-value |—> |computed x-value

~ el

The diagram below illustrates what happens when the most common two-
number functions are performed ((#), (=), @¥ etc.).

LCD (normally shown)

Y |previous y-value |

most two-number
- functions
X |prevnous x-value |—> |computed x-value |

V\ /V

LCD (normally shown)

For some 2-number functions, like the coordinate conversions ((=P) and
(=R)) and other specific functions, the following diagram illustrates what
happens.
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Y |previous y-value |—>|computed y-value |
some two-number
functions

|computed x-value |

P

X |previous x-value |

~

All voyagers share the following group of six numeric functions:

LCD (normally shown)

% addition, subtraction, division and multiplication

reciprocal
square root

These six functions are available in all VVoyagers but the HP16C:

%) Basic percentage Generic exponential
Natural exponential (N Natural Logarithm

Fractional part of the number @]28 Integer part of the number

- percent change. (HP11C, HP12C, HP15C)

- percent of a total. (only HP12C).

- rounds the internal representation to match the display. (HP11C,
HP12C, HP15C)

Hyperbolic Functions (HP11C and HP15C)

Both the HP11C and HP15C compute hyperbolic functions and their in-
verses. Notice that the key has for @@-prefix function and
for @B-prefix function. So:

B
to calculate any hyperbolic:

(SIN)
to calculate their inverses: @BHYPY)

8 ED(NTG) in the HP12C, to avoid confusion with financial : compute interest rate. Also,
the HP12C Platinum was added the @B(x3, available neither in the HP12C nor in the HP16C.
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Exponential, Logarithmic and Trigonometric (HP10C, HP11C, HP15C)
The remaining exponential and logarithmic functions are:
Logarithm base 10, generic exponent of ten and square

The Voyagers also allow trigonometric operations in any of the three basic
angle modes.

Select radians, grads and degrees mode, respectively.
One, and only one, of these modes is active at any time.

Either radians (rap) Or grads (crap) mode is announced in the calculator
display. Degrees mode has no specific annunciator.

When trigonometric operations are applied, X-register contents are taken as
angles in their decimal representation. Also, their inverses return angles in
decimal representation.

6] constant Pi: ‘keys in” 3. {4 {53285 in the X-register
converts from decimal degrees to radians

converts from radians to decimal degrees

Keep in mind that current angle mode is not affected by neither affects the
calculations performed by or (=DEG).

Any decimal representation of angles in degrees can be converted to its
degrees, minutes, seconds equivalent, and any valid degrees, minutes,
seconds representation can be converted to its decimal equivalent.

converts from decimal degrees to DDD.MMSSSs representation
=HR converts from DDD.MMSSs representation to decimal degrees
These functions apply to decimal hour and hour, minute, second as well.

Representation of degrees, minutes, seconds follows the +DDD.MMSSs
standard, where:

DDD integer part of the angle
MM minutes, from 00 to 59
SS seconds, from 00 to 59
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S tens of seconds, from 0to 9

(SIN)(COS)TAN) Respectively compute sine, cosine and tangent of the
angle stored in the X-register; current angle mode de-
fines how the argument in the X-register is interpreted.

Respectively compute the inverses of sine, cosine and
tangent of the argument in the X-register; current angle
mode defines how the result should be interpreted.

Coordinate Conversions

The conversion between rectangular and polar X P(xy) or

representations depends on current angular mode. T [;,_f:;:. P(p.6)
1y

The following diagram illustrates these operations.

/%_
y 0
X p (displayed)
V\_/
(=R)

Make sure that the initial values are in their correct stack registers before
converting (conversions exclusively apply to stack register contents).Also,
keep in mind that the angular mode affects the way the angle (6) in polar
representation is either interpreted ((=RJ) or computed ((=P)). If the current
mode is degrees, 0 is always in decimal degrees.

Statistics (all but the HP16C)

Except for the HP16C, all VVoyagers deal with grouped statistics where a
single or paired statistic sample can be handled.

Voyagers in Brief — 1* ed. — 08/2009 -MoHPC - LCV

38



How do Voyagers Deal With Statistical Data

These Voyagers can perform one- or two-variable statistical calculations
based on accumulating statistics model. The data is entered into the calcula-
tor using the key, which automatically calculates and stores the sum-
mations related to the input data into storage registers designated to hold
them, according to the table below.

Location of the Statistics Registers

The summations of single or paired statistic data are stored in each VVoyager
according to a pre-defined set of registers. These locations are printed in
the back of each calculator, and are summarized in the following table.

HP10C
HP11C HP12C HP15C
n Ro R1 R>
¥X R1 R2 Rs
2 R Rs R4
Ty R3 R4 Rs
Ty? R4 Rs Re
Xy Rs Re R7

Before beginning to accumulate statistics for a new set of data, the statistics
registers must be cleared by pressing 2 This operation also clears
the contents of the stack registers. Also, keep in mind that the correct use of
statistics functions is based on an understanding of memory and stack
operation. The order of entry is important for most statistics calculations.

Entering statistics data

In one-variable (single) statistical calculations, enter each data point (x-
value) into the display, then press

In two-variable (paired) statistical calculations, enter data like this:

% Not available in the HP10C; use instead, or store O (zero) in registers Ro to Rs
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1. Key in the y-value and press (ENTER);
2. Key in the x-value and press (Z+).

Each time is pressed, the calculator does the following:

e The register holding n has its contents increased by "1°, and the result is
copied into the display;

e The value in the display (x-value) is added to register that holds Zx;

o The value in the display is squared and added to register that holds =x?.

e The value in the Y-register (y-value) is added to register that holds Zy;

° Thze value in the Y-register is squared and added to register that holds
Zy

e The product of the x- and y-values is added to the contents of the register
that holds Zxy.

Correcting Accumulated Statistics

The accumulated statistics can easily be corrected if any data is entered
incorrectly. Simply key in the incorrect data point or data pair again as if it
were new and press EB(E-) ( in the HP10C) instead of (Z+). Then
enter the correct data point or data pair and press (Z+). If the incorrect data
has just been entered, the following sequence applies:

o Immediately after (Z+), press EBLSTx) ( in the HP10C);
o Press @B(Z-) ( in the HP10C);

e Enter correct data;
e Press (Z+).

Statistics Functions

Once the statistics data has been accumulated in calculator memory, many
available functions can be applied to analyze the sample. Some of the
statistics functions are available in all VVoyagers, while others are available
in one or two models.
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All four models above: =9 6 G0 M0 ()%

These functions compute:
(X) - Mean of the accumulated statistics.
(s) - Standard Deviation of the accumulated statistics.

(.r) - y-value forecast based in linear estimation. It also computes the
correlation coefficient r.

(nD (HP10C, HP12C) or (HP11C, HP15C)- Computes the factorial
or Gamma of the value in the display.

Mean and Standard Deviation

(X) causes the simultaneous calculation of both means, for x- and y-values
(arithmetic averages). After 0 is pressed, x-values® mean appears in the
display; press to display y-values™ mean.

The same procedure above can be followed to obtain standard deviation, by
simply pressing (s) instead of (3.

Forecasting and correlation coefficient

To preview y-values for a given sample in the x-values, simply enter the
corresponding x-value and press (§.r). The forecasting y-value is returned to
the display, and the correlation coefficient for the sample is returned to the
Y-register (press to see it)

30 Factorial function n! is replaced by (gamma function: T') in the HP11C and HP15C.
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Factorial/Gamma Function

D/ - Computes the factorial of the integer value in the display. The
integer must not exceed 69. In the HP11C or HP15C, if the number in the
display is a non-integer, i.e., has a fractional part, the Gamma function is
automatically applied. Non-integers and negative numbers cause
Errar © inthe HP10C and HP12C. In the HP11C and HP15C
negative numbers cause negative overflow (- 23533595355 513)

The remaining statistics functions are distributed according to the following
table:

| HP10C | HP11C | HP12C | HP15C

yes - yes -
(xw) - - yes -
yes yes - yes
- yes - yes
- yes - yes

These keys relate to:

- This function is the counterpart of (3.r). It forecasts a x-value for a
given y-value based on linear estimation. It also computes the correlation
coefficient r.

(xw) - Weighted Mean of the X- values in current accumulated statistics.
- Linear Regression of the accumulated statistics.
and - Permutation and Combination

- Random number register and computing

Weighted Mean (HP12C only)

To compute the weighted mean in the HP12C, the statistics registers must
contain a different set of data. The weighted mean is calculated upon the
number of times one condition (a number) repeats in the same sample. In
this case, the more the number repeats, the closer to it the mean will be.
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In order to compute the weighted mean, the input sequence of the statistical
data should be:

key in the number of times a particular x-value repeats;

press (ENTER),

key in the x-value and press (Z+);

repeat the steps above till all different X- values have been input;
press EBxw)

arwbnE

Linear Regression (HP10C, HP11C, HP15C)

Linear regression is a statistical method for finding a straight line that best
fits a set of two or more data pairs, thus providing a relationship between
two variables. By the method of least squares, returns the linear
coefficients a (slope) and b (Y-intercept) of the linear equation:

y=a-x+b

Considering that the accumulated data has already been provided, simply
press and the Y-intercept value (b) is returned to the display (X-
register). Press and the slope (a) will be shown.

Probability Calculations (HP11C and HP15C)

These functions are two-number functions and they cause the stack to drop
as the result is placed in the X-register. The input for permutation and
combination calculations is restricted to nonnegative integers. The order of
entering data must be the y-value before the x-value.

Permutations - Pressing calculates the number of possible differ-
ent arrangements of y different items taken in quantities of x items at a
time. No item occurs more than once in an arrangement, and different
orders of the same x items in an arrangement are counted separately. The
expression to compute permutations is:

oy
S (x - y)!

P,
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Combinations - Pressing EB(Cy-x) calculates the number of possible sets
of y different items taken in quantities of x items at a time. No item occurs
more than once in a set, and different orders of the same x items in a set are
not counted separately. The expression to compute combinations is:

y!
xL(x — y)!
The execution for these functions may last several seconds, depending on

the magnitude of x and y. A flashing " ™™ ‘™8 s shown while
computing.

y.x T

Notice that even if the arguments for x and y exceed the limit of 69, the
final result will be calculated and shown if it lies within the limits of the
calculator representation. In any case, neither x nor y should be bigger than
999559595939,

Random Number Generator (HP11C and HP15C)

(random number) generates a random number in the range 0 <r
< 1. This number is part of a uniformly distributed pseudo-random number
sequence that uses a "seed" to initiate its random number sequence. The
default value for this seed is zero, and every time a random number is
generated, that number becomes the seed. A different seed can be provided
at any time by storing a new seed for the random number generator with
, thus causing a new random number sequence. Repetition of a
random number seed will produce repetition of the entire random number
sequence.

Notice that only the HP15C allows recalling the current seed as a normal-
ized, positive real number with zeroed exponent of ten with
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Programming

Basics
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What Is a Program?31

A program is a group of codes the calculator ‘remembers’ (is stored in
memory) that corresponds to a sequence of keystrokes. Once stored in
memory, any given program can be executed as often as needed by simply
pressing one or two keystrokes. The automatic stack responds to instruc-
tions in a running program in exactly the same way it responds to an identi-
cal set of instructions executed from the keyboard. The answer displayed at
the end of program execution is likewise the same as the one you would
obtain by executing the instructions from the keyboard. Some powerful
functions allow program control, with conditional jump and loop.

No prior programming experience is necessary to learn how to program
your Voyager.

Why Write Programs?

Programs save you time on repetitive calculations. Once you have written
the keystroke procedure for solving a particular problem and recorded it in
the calculator, you need no longer devote attention to the individual key-
strokes that make up the procedure. You can let the calculator solve each
problem for you.

And because you can easily check the procedure in your program, you have
more confidence in your final answer since you don't have to worry each
time about whether or not you have pressed an incorrect key. The following
information covers the operation of programming features available with
your voyager.

Memory Resources

Each Voyager has its own amount of memory available for the user. Basi-
cally, this memory is divided into two blocks: one is dedicated to store
numbers, organized in numbered registers32, and the other is dedicated to
store program instructions, organized in program steps. These blocks par-
tially share the available memory. Right after the table below, that summa-

3 Original text: HP11C Owner’s Handbook and Programming Guide, with some modifications
%2 the HP12C has the Financial Registers (n, i, PV, PMT and FV) and cash flow frequency (Nj),
not numbered
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rizes the memory resources for each Voyager, there are a few notes that
describe some particular memory arrangements.

10C 11C 12C 15C 16C
Initial display in oo- oOoOo- (00~ ooo- ooo-
PRGM mode
Last possible step # 18- cod- [359- HM4E- cod-
Permanent program 9 63 8 0
steps
Label definition prgm | 029 | prgm 029 029
steps | AZE steps .0%.9 A3F
A%E
Index register | no yes no yes yes
Registers (max.) ** 10 20 20 66  |25406 *
Registers' numbers Ro?>Rs | Ro®>Ry, | Ro®>Rge, | Ro?>Ry, | Ro?Re,
Ro>Rg | Ro®>Ro | Ro>Ryg, | Ro>Rp,
Ra0”Res™ | Raz®Raos

For each model, EBMEM) (
rent memory organization.

in the HP10C and HP16C) shows cur-

(MEM) default LCD Means that available resources are:
HP10C | P-05 r - {0 | 9 program lines, 10 registers
HP11C | P-E 3 r - .3 | 63 program lines, up to register R g
HP12C | P -0 E r -2 | 8program lines, 20 registers
HPISC | (A8 B BT | e aram lines ueed
HP16C | P -0 r =025 | noprogram lines used, 25 registers®’

% Steps available before the first upper-numbered register is used; this condition is described in details for the

HP15C because it has a user-defined movable partition, explained in the HP15C's specific chapter

3 Index register | is not taken into account for the 11C, 15C and 16C
% the number of available registers for the HP16C depends on the word size: 25 if WS = 64, 406 if WS < 4
% R20 to R65 are accessible only indirectly, with the Index register |
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The HP15C particular memory organization is explained in details in its
specific chapter.

Keycodes

Once dealing with programs and program lines, mastering keycodes en-
hances user’s program writing and debugging skills.

Each keycode identifies the location of a key in the keyboard in terms of a
row-column, two-number code. Hence, dot key (=) is coded 8 because it
is located in the fourth row (first digit: %), eighth column (second digit; &).
The following keyboard representation shows the keys with functions that
are found in the same position in all Voyagerse'g. This means that the key-
codes for these keys represent the same function. For instance, keycode
3 3 refers to (RY) key in any Voyager.

The diagram bellow illustrates all existing keycodes associated to any
Voyager. Compare it to the keyboard in your calculator and locate the
corresponding key to each keycode.

1112/ 13 14 15/16/ 7| 8 9 10
21| 22| 23|24 25|26 (4[5 620
31/ (32| 3334/ 35|| |[1]/ 2]|[3]30

i IR 36 i} j .
42 43| 44 45 0|48 49| 40

The key has no associated keycode because it cannot be part of a
program. Number keys (0) to (9) use a single-number code to make their
identification easier. Also, in the HP16C, keycodes for the first-row, (A] to
keys, are respectively single-number codes A to F > instead of the two-

[l

number codes ¢ { to {&, common to the other Voyagers. Note that

87 Still considers the HP16C is in floating point mode.
38 except for @, that does not exist in the HP10C
3% A b T d E andF are hexadecimal numbers in the HP16C
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has a unique two-number code: 3 &. Many of these keycodes may
be found together in one single program line, separated or not by commas
(or dots). For instance, (ST0) 0 is coded = 4 & in any Voyager, but
depending on which function and calculator model you are dealing with,
the combined codes may vary. Consider the square-root function /x , its

keystroke sequence and keycode for each model:

Model keystroke | keycode
HP10C, HP11C, HP15C 5
HP12C (g [rd 43 2
HP16C (g 73 43 25

Simple programming

Storing programs in your calculator simply demands the knowledge of
which keystrokes compose these programs. The sequence used to compute
the solution manually is mostly part of the program itself.

Consider that you are given the task to compute 1/(2a+3) for any given
value of a. The problem is that you must apply 1/(2a+3) to a table of about
100 values of a. Writing and using a program would surely allow this task
to be easily completed.

The direct keystroke solution would be:

e Keyina;
e Press (ENTER);
e Keyin2;
e Press (x];
e Keyin3;
e Press(#);

e Press
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As a matter of fact, the program has actually been written! If we remove
the first line (“Key in a;”), all of the remaining steps are the program itself.
The first line is the only one to be performed by the user prior to execute
the program for each different value of a.

Storing the Program (Loading)

To store/load the program, the calculator must be set to program mode and
the corresponding keystrokes must be pressed in the same sequence they
were pressed to solve the problem manually. Then, the calculator is set
back to normal operation mode, or RUN mode, and the program is ready to
be used. The following sequence shows how to store the program above in
your calculator memory.

Keys Display Comments
57RO ngo-a §ets program mode; prev anNNUNciator
ison
ooo- Clears all program memory™)
— program’s first step is entered: key-
ENTER oot Jb code for ENTER) is 3 6
2 ooe- £ second step; keycode for (2] is £
® oo3- YO third step: keycode for @) is 1
3 oo - 3 fourth step
oO5- 2 fifth step
HH {5 |HP10C, HP11C, HP15C
or Loh- £ £ <HP12C last step
(o (A COB- Y43 28 |HP1eC
TR noooo Sets run mode; prem @NNUNCiator is
’ off
& only if needed
40 Each type has its location and keycode: HP10C, (P/R); HP12C, ; others, EB(P/R)

1 HP10C and HP12C listings show program steps with two digits ( £ is a reminder)
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Running the program

Make sure that each key was pressed in the given sequence and that all
keycodes were generated according to the program listing above, specially
the keycode for the last step. Now, with the calculator back in RUN mode,
press . Remember that acts differently in pro-
gram and run mode: in run mode it only sets program memory to default
step 0L &, and in program mode it entirely clears program memory. Now
enter a value for a and press

Keys Display Comments
4 A Enters testing value
oosos Computes 1/(2.4+3) with a single keystroke

Now you can easily fill the table with the remaining 99 values.

The following example was taken from the HP11C’s user manual.

Most conventional home water heaters are cylindrical in
shape, and their heat loss can be easily calculated using
the formula

g=h-A-T, where:

q is the heat loss from the water heater (Btu per hour).
h is the heat-transfer coefficient.
A is the total surface area of the cylinder.

T is the temperature difference between the cylinder and the surrounding
air.

Given a 52-gallon cylindrical water heater with a surface area of 30 square
feet, a heat transfer coefficient of approximately 0.47 and an average tem-
perature difference between the heater surface and surrounding air of 15
degrees Fahrenheit, how much energy is being lost because of poor insula-
tion?

To directly calculate the heat loss of the water heater based on the tempera-
ture difference, simply press the following keys in a sequence.
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e Key in 15; (temperature difference T)
e Press (ENTER);
e Key in 30; (surface area A)

e Press (x);
o Key in (:J47; (heat-transfer coefficient h)
e Press (X);

«( s NNyl

The display shows £ ¢ L5 LT | which is the heat loss in BTU/hour.

The heat loss for the water heater in the preceding example was calculated
for a 15° temperature difference. But what if you want to calculate the heat
loss for several temperature differences? Again, you may want to perform
each heat loss calculation manually. But now we know how to write a
program to calculate the heat loss for any given temperature difference.

Writing the Program

The program has already been written! It comprises the same series of
keystrokes you executed to solve the problem manually but the first three
ones.

Loading the Program.

To load the instructions of the program into the calculator, press the follow-
ing keys in the order they appear. As we know, the calculator records (re-
members) the instructions as you key them in.

Keys Display Comments
PR LiOO- Program mode. (prom appears.)
ood- Clears program memory.
o= i&
3 oLoe- 3 The same keys
0 uLod- O pressed
x dO4- £l  tosolve
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© oos- 48  the problem
4 OOB- 4 manually
7 Oodt- K
x GLOd- co
c {5000 Back to Run mode

To use the program, key in the temperature difference and press

Common Resources for Programs
Storage Registers

Either or and related register arithmetic act in program lines as
they act in keystroke sequences in run mode.

Pause and Stop

In a program line, halts program execution and causes the pro-
gram to briefly pause for about 1 second while showing X-register contents
in the display. If included as program steps, all showing operations in the
HP16C ( , etc.) and @D(DATE) in the HP12C also
pause a running program for about 1 second to show related data.

Program Memory Navigation: , and (GT0)-Jnnn

(Single Step) and (Back Step) allow the user to navigate into
program memory. steps to the next program line and moves back
to the previous program line. In program mode, holding or down
causes program lines to step automatically. In run mode, each program line
and its keycode are shown for as long as you hold them down; when
is released, the action associated to the program line being shown is also
performed (step-by-step execution). To position program memory into line
nnn (or nn), use (GT0)(2) nnn“* (or nn), either in program or in run mode.

“2 nnn in the HP15C
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Conditional Tests

All Voyagers offer conditional tests that allow X-register contents to be
compared to zero or to Y-register contents. Conditional tests are useful only
in programs because the result of their execution defines if the next pro-
gram line will be executed or skipped.

Conditional tests and their availability in each VVoyager are as follows:

Test | HP10C HP11C HP12C HP15C HP16C
x=0 yes yes yes yes yes
x#0 - yes - 0 yes
x>0 - yes - 1 yes
x<0 - yes - 2 yes
x>0 - - - 3 -
x<0 - - - 4 -
X=y - yes - 5 yes
XY - yes - 6 yes
x>y - yes - 7 yes
X<y - - - 8 -
x>y - - - 9 -
Xy yes yes yes yes yes

Program Branching

instruction must always be completed with an indication of ‘where to
go’, meaning that after executing a function, program execution
moves away to a different program line. In the HP10C and HP12C, the
complement after is the number of the program line where the pro-
gram is transferred to. In all of the others, a label must be placed some-
where in the program, where the user wants the execution to continue.

Conditional tests and branching become a powerful tool when writing
programs with decision-level structures. Look at the fragment of a program
listing below.

Voyagers in Brief — 1* ed. — 08/2009 -MoHPC - LCV

54



05- « « instruction
o0& - « « instruction
O%- M2 20  ifxisequal to zero...
18 ©OH- 22 (8 . .thengotoprogram line 18
o9- « « ..else continue here

If this fragment comes from an HP11C, HP15C or HP16C it would be more
like this:

oos- « « instruction
OoG - « « instruction
®x=0 CO7- Y3 20  ifxisequal to zero..(HP15C)
@8 CLoOB- 22 8 ..thengotolabel8
oos- « « ..else continue here

In this example, a 8 must exist somewhere in the program.

The top of program memory is signalized by program line & & (or & & ).
It cannot be executed, nor contain a keycode.

HP10C and HP12C Additional Program Information

The HP10C and the HP12C have a different amount of memory and a
different distribution of program and register memory. This distribution is
illustrated in the diagrams below.
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HP10C Memory Distribution HP12C Memory Distribution

oo- cc ou oo- cc OO
oi- cc OO o - cc OO
oc- cc OO - cc OO
03- 22 oo o3- cc OO
gy- 22 oo g4-  @¢ Ob
og- 22 oo o5- cc OO
Ob- cc ou Oe - cc OO
] cc OO o= cc OO
of- cc OO O - cc OO
0sg- 22 oo Initial Program Steps:8
Initial Program Steps: 9
Ro Ro R.o
Rl R1 R.l
RZ Rz R.z
Rs Permanent { | Rs R.3
R4 R4 R.4
R5 Rs R.5
Re Re R.e
R7 R R.;
R8 Rg R.g
RQ Rg R.g
Initial Registers Initial Registers

As program lines are added after the last available program line, each
higher-numbered register is converted into seven new program lines, one at
a time. In the HP10C all registers can be converted to a maximum of 79
program lines, and In the HP12C, only registers from R.g to R7 can be
converted to a maximum of 99 program lines. Registers Rg to Rq are per-
manent, they are never converted into program lines.

Voyagers in Brief — 1* ed. — 08/2009 -MoHPC - LCV

56



Branching in the HP10C and HP12C

In the HP10C and HP12C, instruction is completed with a two-digit
indication of the program line where program execution resumes. In certain
circumstances, a function pointing to a lower numbered line in pro-
gram memory must be included. Such event may cause the program lines
between the and the lower numbered line to be executed indefinitely.
To control such circumstance, conditional tests must be used. As a thumb
rule, conditional tests should control execution. Additionally, if a
program line contains the keycode for 00, program execution devi-
ates to line I & = and the program stops running.

Program Editing

Program lines’ contents can be changed anytime you need. To replace a
keycode in a program line for another:

1. Set the calculator to PRGM mode;

2. Use (SST), or (GTO)*) nn to set the calculator to the program line
preceding the line with the keycode to be replaced

3. Now, press the correct keys to replace the old keycode; as a valid key-
stroke sequence is completed, the new code is shown in the correct pro-
gram line.

4. Set the calculator back to run mode

If you need to add new program lines in the middle of a small program
already in memory, it may be easier to enter the hole program again with
the new program lines. But if you have a bigger program and want to add
new lines in the middle of it, please refer to either the HP10C or the HP12C
Owner’s Handbook under Program Editing that the many possibilities are
discussed there. In both HP10C and HP12C the same procedure applies.

Multiple Programs

It is possible to store more than one program in the HP10C and in the
HP12C program memory. Provided that enough memory is available and
one of the programs is already stored in memory, simply position the calcu-
lator in the last, highest-numbered program line with a valid keycode that is
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used by the existing program and add a 00 right after it. Now key in
the second program in program memory provided that all instructions
point to the correct program line.

HP11C, 15C and 16C Additional Program Information

The HP11C and the HP16C have 203 bytes of program and numbered
register memory for the user while the HP15C has 448 bytes. All three
models also have the I register*®. Their main differences in accessing num-
bered registers and program lines are explained below.

e The HP11C allows a maximum of 20 numbered registers, while the
HP15C extends this limit to 64 numbered registers and the HP16C ad-
dresses a maximum of 406 4-bit registers in integer mode.

e If the HP16C is set to work with floating point numbers, memory or-
ganization for numbered registers matches the one in the HP11C.

e The HP16C addresses up to 32 numbered registers directly: Ro to R,
Roto R (inthe HP16C, A, B, C, D and F are hexadecimal numbers).

e The HP11C initial program memory allows 63 program lines to be
entered prior to convert numbered registers to program lines; there is no
such margin in the HP15C nor in the HP16C

Branching in the HP11C, HP15C and HP16C

In these models, instruction is completed with a one-character indica-
tion (a number or a letter from A to E44) of the label where program execu-
tion resumes. In the HP15C, and also accept .0 to .9 as argu-
ments. Not necessarily a demand, each possible definition for a
should have the equivalent elsewhere in the program, otherwise

Errar Y  will be shown in any attempt of executing such ‘la-
belless’ (GTO)’s.

Same as with the HP10C and HP12C, a instruction in the HP11C,
HP15C or HP16C pointing to a lower numbered line in program memory

3 The HP11C and the HP15C also have a register to store the (Random number genera-
tor) seed. It is not suitable for storing data because its contents cannot be recalled accordingly.

In the HP16C, F is also a valid reference
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may cause some program lines to be executed indefinitely. Conditional
tests must be used with the HP11C, HP15C and HP16C likewise.

Subroutines

When the same set of instructions occurs more than once in a program,
memory space can be conserved by adding a subroutine containing these
instructions. A subroutine is called (executed) by using a function
(Go to Subroutine) added by an identification of the subroutine to be exe-
cuted. Subroutines start with an identification label and must have EBRTN)
as its last step, so program execution returns to the correct program line.

transfers execution to the specified label address in the same way as
(GTO), but when a is executed in a running program, a pending return
condition is set in the calculator. In this case, the first subsequent EBRTN)
(return) instruction encountered by a running program will cause program
execution to be transferred back to the program instruction immediately
following the last (GSB).

If the subroutine being executed contains a instruction, the program
stops and keyhoard control returns to the user. If the user press at this
point, the program resumes till EBRIN) is found. Subroutines may add as
many as needed, but the first @RTN) found on it will cause its return.

The Index register

The index register is a powerful programming tool available on these voy-
agers. In addition to simple storage and recall of data, the Index register can
also be used for:

e Program loop counter and control functions.
e Indirectly addressing data storage registers, branches, and subroutines.

The index register control capabilities are performed through a control
number that must be stored in the Index register itself.

Incrementing and Decrementing the Index Register.

In the HP11C, (increment, then skip if greater than) and
(decrement, then skip if less than or equal to) will always act upon the
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index register contents. In the HP15C, these same functions allow the user
to specify which register they are going to act upon.

HP11C HP15C

{I,0t09,.0t0.9, Ato E)
{I,0t09,.0t0.9, Ato E)

The HP16C provides ®B(1SZ) (increment and skip if zero) and @BDSZ)
(decrement and skip if zero) to act upon the index register contents. Since

and use the fraction part of the number in the index regis-
ter, they would not work properly in a calculator that is mainly design to
deal with integer numbers.

Both and use a control number to define their action. The
integer portion of the control number is automatically altered after each
loop iteration or indirect addressing operation. The decimal portion of the
control number contains the parameters for altering and limiting the integer
portion. The basic components of the loop control number have this format:

+nnnnn is the current counter value

nnnnn.xxxyy| where: {xxx is the counter test value

yy is the increment or decrement value

In yy is not explicitly defined, the calculator assumes it is 1

When is executed:

e nnnnn is added an amount equal to the increment (yy)

e updated nnnnn is compared to the counter test value (Xxx)

o if updated nnnnn is bigger than xxx, next step is skipped; otherwise, it
is executed.

When is executed:

e nnnnn is subtracted an amount equal to the increment (yy)

e updated nnnnn is compared to the counter test value (xxx)

e if updated nnnnn is less than or equal to xxx, next step is skipped;
otherwise, it is executed.
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As an example, consider that 2.02004 is a control number stored in the |
register. This means that the current count is 2, the limit is 20 and it counts
in increments of 4.

cochio

The program below is an example of using C
,display: DO3-4¢, B25):

HP11C (HP15C: step # 009 is

to control a loop in the

Keys Display Comments
ooo- Program mode. (prem appears.)
ooo- Clears program memory.
A oo (=42, 1! Mainstart
® ooe- 4B
0 oo3- o
1 ooY- {  Control: 0.010
O0S- 44 25  stored inindex register
0 OgOB-42,2 § ©  Loop starts here
O07- 45 25  recalls index register contents
dOB- Y2 31 pauses to show X-register
dg09- 42 &  Increment I and skip if greater
0 O id- 22 © Goesto(LBLIO (10 more times)
©FPR ooooo Back to Run mode

When this program is executed, | registers goes from 0 to 10 and stops
looping . With these lines, it would not work properly in the HP16C. An
equivalent listing for the HP16C would count from 10 to 1 and stops loop-
ing when | reaches 0 (zero). This is because the @B01SZ) function would
always increment the integer part of the index register, compares it to zero
and would never stop because | contents will never be equal to zero. With
@B(DSZ) the counting starts with 10 and stops in 1. The program below for
the HP16C illustrates it.
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Keys Display Comments

P/R ooo Program mode. (pram appears.)
ooo- Clears program memory.

@B A oo (-432¢2 R

1 ooe- {

0 oo3d- & Control: 10

OoY=- Y4 32  storedin index register

©3(BL) 0 OO5-432¢2, O Loop starts here

RCL OOB- Y5 32  recalls index register contents

©)(PSE) OO 7= Y3 34  pauses to show X-register

[ g [DIY OOB8- Y3 23  Decrementand skips if zero

0 d0S- 22 ©  Goesto IBLDO (10 more times)

BFPR) L h  Backto Run mode
Taking again the example where 2.02004 is a control number stored in the
index register, if is executed it updates the index register contents
to 6.02004. If is executed it updates the index register contents to
-2.02004.

Using the Index Register Contents

At any moment, the index register contents cam be used with some func-
tions. They will use only the absolute value of the integer part of it.

(STO)( D), (RED(D), (STO)@) , RCL)(@), and have been extensively
discussed in this book under Fundamentals, Memory in General.

and (GSB)D) - with these functions, the program execution is
deviated to the label that matches I-register contents. Keep in mind that
there are no such things as (LBL)(T), (GTO)(®) or (GSB)(()

The HP15C is the only Voyager that allows indexed control of flags.
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Flags

©(SE) (set flag), @B(CE) (clear flag) and @BF?) (flag test) are the three
functions available for dealing with flags. Flags are single, numbered
memory portions that can either hold a 1 (set) or a 0 (clear), or one single
bit. To store a 1 in a flag, simply press @B(SF) and add the flag number. To
clear it, press @B(CF) and specify the flag.

Testing a flag in a running program has the same effect of a conditional
test, like or (x>y). When EB(F2)n is executed, where n is the number
of the flag being tested, if the ‘n’ flag is set then next program line is exe-
cuted; otherwise it is skipped. Testing a flag has no effect in run mode.

Flags are arranged like this in these VVoyagerss:

HP11C HP15C HP16C

All purpose,

Oand1 Oto7 0,1and?2
user flags

3 - leading zeroes
4 - carry / borrow
5 - out of range

8 - Complex mode

Specific flags none 9- Overflow

Indexed access to flags (€BSEHD,EBCH(D and EBF?)(D) is possible only
in the HP15C.
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The Specialists
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The HP12C Special Resources

Calendar Functions

The HP12C provides handling for dates from October 15, 1582 through
November 25, 4046 in one of two possible date formats: month-day-year45
or day-month-year. The date format defines how numbers are interpreted
when they are used in computations and displaying dates. Date format is
also taken into account in bond calculations ( and ).
Check the table below to see how to choose the date format.

To choose... Day-Month-Year Month-Day-Year
...press €)D.MY) €3(M.DY)

When the date format is set to day-month-year, the pmy Status indicator in
the display is lit. If pmy is not lit, the date format is set to month-day-year
(default). The date format is reset to its default Month-Day-Year format
only if Continuous Memory is reset, not each time the calculator is turned
on.

Keying in dates

To key in a date with Month-Day-Year format in effect:

1. Key in the one or two digits of the month.
2. Press (2) (decimal point key).

3. Key in the two digits of the day.

4. Key in the four digits of the year.

For example, April 7, 2004 is keyed inas| .0 12 004

4 Month-Day-Year, M.DY, is the default date format
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To key in a date with Day-Month-Year format in effect:

1. Key inthe one or two digits of the day.
2. Press (=) (decimal point key).

3. Key in the two digits of the month.

4. Key in the four digits of the year.

If you choose to work with Day-Month-Year format in effect, previous date
(April 7, 2004) should be keyed inas| =OY2OOY

Calculating with Dates: EB(ADYS) and EB(DATE)

Both @B(ADYS) and EBDATE) take into account the current date format to
compute either the number of days between dates or a new date. In any
case, current date format applies to both dates simultaneously. The dia-
grams below illustrate the calendar computations the HP12C performs.

Datel I # I Date2

EB(ADYS)
Datel 1 Date2

EDDATE
To calculate the number of days between two given dates:

1. Key in the first date and press (ENTER).
2. Key in the second date and press €B(ADYS).

The answer shown in the display is the actual number of days between the
two dates, including leap days (the extra days occurring in leap years), if
any. In addition, the HP12C also calculates the number of days on the basis
of a 30-day month and stores it in the Y-register. So, you must press
to show it and once again to return the original answer to the display.
If the numbers are negative, then the second date occurred in the past re-
lated to the first date.

Voyagers in Brief — 1* ed. — 08/2009 -MoHPC - LCV

68



To determine the date and day that is a given number of days from a given
date:

1. Key in the given date and press (ENTER).

2. Key in the number of days; (negative if the date to be computed is in
the past)

3. Press ED(DATE).

The answer calculated by the EBMDATE) function is displayed in a special
format. The numbers related to the month, day, and year are separated by
current digit separators, and the sole digit at the right of the displayed
answer indicates the day of the week: 1 for Monday through 7 for Sunday.

Monday 1 ‘ Wednesday 3 ‘ Friday 5 | Sunday 7

Tuesday 2 ‘ Thursday 4 ‘ Saturday 6 |

Resources for Financial Calculations

The HP12C has functions to compute single interest, compound interest
and discounted cash flow. Amortization and the additional functions for
Bond and Depreciation Calculations will be covered in future editions of
the Voyagers in Brief.

Financial Registers

In finance, n, i, PV, PMT, and FV refer to the five TVM variables (Time
Value of Money). The HP12C has five registers designated as n, i, PV,
PMT, and FV, and their contents can be accessed through the first five keys
on the top row of the keyboard: (n), (@), (PV), and (FV). These keys are
the means to calculate an unknown financial value and to automatically
store the result in the corresponding register.

Te following table summarizes the HP12C financial keys and their meaning
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Keys

Meaning

ZEEose

B(2x)
B023)
EI(CFo)
BI(CFD
o [
B)EES)
EB(END)

stores or computes n (number of periods)

stores or computes i (interest rate)

stores or computes PV (Present Value )

stores or computes PMT (PayMenT)

stores or computes FV (Future Value )

computes amortization

computes single interest

computes net present value (discounted cash flow)

computes internal rate of return (discounted cash flow)
multiplies value in the display by 12 and stores in n.

divides value in the display by 12 and stores in i

stores first cash flow (Cash Flowy)

stores consecutive cash flows (Cash Flow ;)

stores number of consecutive occurrences of current cash flow
payments in the beginning of compound periods - gegiv active
payments in the end of compound periods - geeiy inactive

How to Use the TVM Keys

Whenever you need to use any of the five TVM keys, the same rule ap-

plies:

key in Press Calculator reaction

value r stores value in the corresponding variable
[nothing] (n), (M, PV), |calculates and displays the corresponding

or value

A Word About the Cash Flow Diagram and Signal Convention

As a basic convention, money received is entered and displayed as a posi-
tive value, and money paid out is entered and displayed as a negative value.
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Once a financial problem is taken from one of the sides of the equation -
lender or borrower - it must be kept until the problem is solved. The fol-
lowing diagram - a Cash Flow Diagram - illustrates it.

Positive value: money is received T

. +
Timeline

l Negative value: money is paid out

Single Interest Calculations

The basic expression that is used to compute single interest is:

= PV xi

|
#days # dayS
To compute single interest calculations:

1. Enter the values for (n), (i) and in any order.
2. Press ; the interest accrued on a 360-day basis is displayed.
3. To calculate the total of the principal with this interest, press (+).

Alternatively, after the second step above:

3. Todisplay the interest accrued on a 365-day basis, pres and
4. To calculate the total of the principal with this interest, press

Compound Interest Calculations
The basic expression that is used to compute single interest is:
1-@+i)™"

PV+@A4XS)XPMTX{
1

}+FVX@+D”=0
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The TVM keys are also related to the TVM variables in the generic cash
flow diagram, as seen below:

.- PMT N FV
&« & b A A TTta
I S SO S
v~\\v\ N 4 /)v . ,f__,_—v
S~ \‘~\\‘\ I
ey
PV i (% - must define period)

Both the signal convention and the reaction to keystrokes mentioned before
apply compound interest calculations. Some restrictions apply:

e PMT must have the same value in each occurrence

e The periods in time referred to n must be equal in extension.

e n must be positive*®

e i should not be smaller than a minimum®’ to allow valid n calculations.

Any of the other registers associated to the variables in the above diagram
may have negative, zero or positive values stored in it, but at least one of
them must have its sign opposed to the others. As a reminder, the TVM
keys work like this:

key in Press Calculator reaction

(), GJ, (PY),

or stores value in the corresponding variable

value

(n), (@, PV), |calculates and displays the corresponding

[nothing] (PMT) or FY) | value

46 Actually, if n = 0, then PV = -FV regardless i and PMT values.

41 In each valid TVM case, if i goes below a minimum value, n tends to infinite; if i is negative,
this means deflation.
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Having at least four of the five values as known quantities, just enter them
and press the key of the fifth one so the HP12C calculates its value.

As an example, calculate how much of a US$18,000.00 loan remains after
10 months with a US$800,00 payment and an interest rate of 8.5% a year.

PMT = US$800,00

el

. Y R A ¥ ¥ __¥
1

~ ~

~ ~

1=85%/year "~ n=10 -~
This cash-flow diagram

_ helps to visualize the
PV = -R$18,000.00 problem.

The following keystroke sequence calculates FV:

Keys Display Comments

unchanged clears TVM registers

18000 - {BO0OOD Enters PV

10 () (0o Enters n

800 BOOO0 Enters PMT

8.5 E3(12%) oooes3 Enters i (% /n) *

Tunmoonyg Shown briefly (flashing)
{L0SRSM This is the remaining debit

Notice that the values for n, i, PV and PMT could be entered in any se-
quence.

48 . . . - L
The interest rate must be related to n; in this case, n is in months and i is in % / year
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The TVM What ... if ...'s

It is easy to test for other possibilities once you have the basic information
already stored in the correct registers. If you want to go ahead in the same
problem to test, say, for a different payment value, or to estimate an interest
rate for a given remaining debit, the first rule is:

Never clear the financial registers contents unless you
have concluded the current analyzes!

Once you press , all TVM data must be entered again. So, with-
out changing current financial registers contents, calculate the expected
annual interest rate for a remaining debit of exactly R$10,500.00 in the
previous example. Because all data is already there, simply enter the new
value for FV and press ().

Keys Display Comments
10500 (D0 Ooo Enters new value for FV
@ Tunmoonyg Shown briefly (flashing)
.34 the new interest rate (monthly)
12(x qi0 the new annual interest rate

Discounted Cash Flow

The HP 12C memory structure allow the user to store and analyze samples

with up to 21 non equal, consecutive cash flow values occurring at regular

intervals. If two or more equal, consecutive cash flows occur, it is possible

to solve problems involving more than 21 cash flows by storing these

occurrences as grouped cash flows. The two functions provided by the

HP12C for discounted cash flow analysis are (Net Present Value) and
(Internal Rate of Return).

Discounted cash flow problems can also be represented by cash flow dia-
grams, like the one presented below.
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CP2 CF
CF3 CF4 CFs

R
g l

CFs

CFo

The basic difference in this diagram compared to the ones for compound
interest is the occurrences of different payments, now designated as CF,
CF;... (CF is short for Cash Flow). As a common reference, each cash flow
is generally designated as CF;. CFo is the initial cash flow which occurs
only one time. The indexes for each cash flow relate only to their sequence
in the cash flow diagram.

The HP12C stores each cash flow occurrence, from CFq CFig, in one of
the available storage registers, from Rg to R1g. Provided that all numbered
registers are available (i.e. no more than 8 program lines have been entered
in program memory, if any), if CFyo occurs (last of 21 cash flows) it will be
stored as FV (in Register). When grouped cash flow occur, the number
of occurrences of each sequentially repeating cash flow (designated N; in
the range from 1 to 99) is stored in a separated share of memory. This part
of memory is ready to hold the 21 N;’s corresponding to each CF;.

How to Store Cash Flow Values

The main keys to store cash flow values are €B(CFo), EB(CFD and ED(NL.
Once you know the variables:

Make sure there are enough registers to store cash flow data.

If any, identify grouped cash flow and check for their N;.

Clear all data in registers with (strongly recommended)
Key in first cash flow (CFo) and press €B(CFo)

For each subsequent cash flow, key in its value and press €B(CF})
If grouped cash flow, key in its corresponding N; and press EB(ND
Repeat steps 5 and 6 until last cash flow

NoapwdE
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The HP12C keeps track of which cash flow will be stored through TVM
register (n). In fact, each time @B(CEJ) is pressed the HP12C:

1. Increments current (n) contents in one unit;
2. Stores display contents in register pointed by (n) contents.

Neither @B(CFo) nor EB(Nj) change (n) register contents. At any moment,
you can check for the last entered CF; (or N;) by recalling (n) contents with
(RCD(n).

Editing Cash Flow Data
To correct a wrong CF; entry:

1. If applicable, check (n) contents so you may continue entering cash
flow data after updating the wrong entry.

2. Key in the index of the cash flow that immediately precedes the one to
be corrected.

3. Press (n) to store it.

4. Key in the correct value to be stored.

5. Press EB(CF))

In step 2 above, it is necessary to enter preceding index because the HP12C
increases (n) contents prior to store the value in the display when @B(CFJ) Is
pressed. If you need to correct a wrong N; entry:

1. If applicable, key in the index of the N; to be corrected and press (n].
2. Key in the correct value to be stored.
3. Press EB(CFD

If you are correcting the value of N; for current CFj, step 1 is not necessary.

l;"5$ 2500 ys$ 2,050 US$ 2,050
US$1,300  US$ 1,300
2xUS$ 750 2xUS$ 750 T 2xUS$ 0
2xUS$ 0 T
A4 | a4 4 I
IRR = (7)
¥-US$ 10,837
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Considering the cash flow diagram in previous page, the following key-

stroke sequence enters all data and calculates the internal rate of return.

Keystroke Display
[
2500 =
10873 =) -837300
€3(CFO) -837300
750 EB(CF) T50.00
2@N) A
2050 @CF) CcOS000
750 EB(CF) T50.00
2 BN .ol
2050 @CF) SOS000
0 EB(CF]) o0 o
2 @BND A
1300 @CF) LICOOD
0 EB(CFD [
2 BN A
1300 @(CF) LIDOOO

Viewing Cash Flow Data

Comments

All registers =0; Nj= 1

CFo

CFo stored in R
CFy stored in Ry
N1

CF; stored in R
CF3 stored in R
N3

CF4 stored in Ra
CFs stored in Rs
Ns

CF stored in Re
CF7 stored in Ry
N7

CFg stored in Rg

Wait for about 30 sec.

IRR=2.71%

At any moment you may check cash flow data. Just be aware of the fact

that the fastest way to do so is viewing them from the last to the first one:
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Make sure (n) contents points to the last cash flow you want to check.
If applicable, check grouped cash flow first with (REDEEB(NI)

Press

4. Repeat 2 then 3 (or only 3) until CFq is shown in the display

If you press (REDEBN) or (RCLED(CE]) right after checking the contents of
CFo,. Errar B  will be shown in the display. This is because when
the calculators executes (RCDEEB(CFJ), a copy of the contents of CF; that is
pointed by n is brought to the display and (n) contents are diminished in
one unit. This way, next time you press the preceding CF; will
be brought to the display. REDEBMND will always bring current N; contents
without changing (n) contents.

wn e

The following keystroke sequence shows all data from previous example

Keystroke Display Comments
RCD™ 800 Last register used: j = 8
RCUED(N)) tHH Ng

RCDM g.00 Unchanged: j =8

g (30000 Cre

RCDM oo Automatic decrease: j = 7
B(ND A N

(RCL(™) oo Unchanged: j =7

g o.oo CF;

RCDM B.00 Automatic decrease: j = 6
B(ND A Ns

(RCL(™) 6.0 0 Unchanged: j =6
RCUEDCF) ILOOD CF

(RED(N) o.o0 Automatic decrease: CFy

RCDEB(CF) -8,3 71300
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Notice that the automatic decrease happens after RCDEB(CFJ), and not after
(RCD(). The Internal Rate of Return (IRR) and the Net Present Value
(NPV) are well known tools for financial analysis and will not be discussed
here. The value of NPV indicates the result of the investment and IRR is
the rate of return at which the discounted future cash flows equal the initial
cash outlay. NPV equals zero when the discount rate matches IRR. Thus, if
we calculate the NPV right now, we would find zero (5.0 &) or a value too
close to that. In order to make sense of it, we could calculate the NPV for a
given, different discount rate. So, let’s consider an actual rate of 2,60%
instead of the 2,71% found previously and then, we calculate the NPV.

Keystroke Display Comments
261 cal Known discount rate
Tumm O g \Wait for about 10 secs

45.64 NPV=US$ 49.64

If the presented cash flow is observed, for a given discount rate of 2.60%,
this analysis concludes for a barely profitable business.
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The HP15C Special Resources

There are four major areas where the HP15C can be used to perform ad-
vanced calculations: complex numbers, matrix arithmetic, equation solve
and numerical integration. Complex numbers and matrix arithmetic de-
mand knowledge in stack and register manipulations. Equation solve and
numerical integration demand basic knowledge in programming and will
be covered in future editions of the Voyagers in Brief.

Memory Requirements

Unlike any other Voyager, the HP15C has part of its memory, grouped in
registers, dedicated to temporarily store information related to its specific
resources. This group of registers is named common segment, are the
HP15C temporarily uses some registers of this segment when performing
operations related to these resources. The HP15C memory can be mapped
like this:

Numbered and Indirect | Common Segment: imaginary stack, matrix .
Accessed Registers elements, integral/solve temporary regs. Program Lines

As shown under Programming Basics, memory resources in all VVoyagers
can be checked by pressing EBMMEM) ( in the HP10C and HP16C).
In the HP15C, default memory status is:

(3 46 O-0
These numbers directly reflect the HP15C’s memory map:

o {3 refers to the last available numbered register (from Ro to R.g)
o B means 46 registers available in the common segment
e L= I means no program line has been written in memory

The & = & has a particular interpretation. The first number tells how many
registers are actually occupied with programs and the second number tells
how many bytes are left till another register will be needed.

In all Voyagers, the HP15C included, the part of the memory occupied with
programs (program memory) grows automatically as you insert new pro-
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gram lines. This means that the number of available registers in memory is
reduced as program memory uses more of it. In the HP15C, only registers
from the common segment are reclaimed when program lines are added.
The number of available numbered registers can only be changed by the
user. To define how many numbered registers must exist in memory:

e Key in the number of the last register you need in the X-register;
e  Press

Next time you press @B(MEM), this is the number you will see first, and
returns this value to the X-register as a valid number. Remem-
ber that you cannot define more numbered registers than the available
memory, because neither program lines nor registers already in use by
special features will be available. Also, Ro and R; are always available, so
if you try O , the calculator will actually set it to 1 and give no
error message.

The number of the last numbered register that can be defined at any mo-
ment is the sum of the first two numbers you see, in the leftmost side of the
display, when you press @B(MEM). Also, if the common segment has not
enough registers for a particular resource, you will not be able to use it.
Check the table below:

Resource Registers needed
Complex Mode 5
Matrix 1 for each element of each matrix
Solve 5

Integration or

Solve + Integration 2

In some circumstances, Solve and Integration may be performed simulta-
neously. In these cases, they will both share five registers and will demand
the same amount of registers that Integration would demand alone.
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Complex Numbers

The HP15C handles complex numbers in the form a+bi, where a is the real
part, b is the imaginary part of it and i is /1. This is possible by using a
complex stack, that is created when the complex mode is activated. The
complex stack is composed of two parallel, four-register stacks (and two
LASTX registers), one for the real parts and another for the imaginary parts
of the numbers. It behaves the same way as the stack used in ordinary
calculations.

The imaginary part of the stack is created once Complex mode is activated
by doing one of the following:

e  executing or or
e setting flag 8, the Complex Mode flag.

When the HP15C is in Complex mode:

e ¢ annunciator is lit

e flag 8isset
o five registers of the common segment are allocated to the imaginary
stack

Complex Numbers and the Complex Stack

Both real and imaginary parts of a complex number must be defined, even
if equals zero, prior to enter it in the stack. There are a few ways to enter a
complex number through the keyboard:

1. Key inthe real part of the number into the display.

2. Press (ENTER).

3. Key the imaginary part of the number into the display.
4.  Press

This sequence is the most common and usual way to enter a complex num-
ber in the stack. If the HP15C is not in complex mode, it will be activated
and the ¢ annunciator will be displayed. Because it uses the (ENTER) key,
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current Z- and T-register contents are lost. It is possible to preserve Z-
register contents by following this keystroke sequence:

First, key in the imaginary part of the number into the display.
Press .

Press &3.

Then, key the real part of the number into the display.

el N .

In this particular sequence , complex mode will be activated in step 2 if the
HP15C is not yet in complex mode. In most cases, depending on previous
stack contents and enabling state, the display shows | G.OL DO  after
step 2. Because was executed, is used to disable stack lift and

allow the real part to occupy the real X-register without lifting the stack.

If, by any reason, the contents of the stack registers must be preserved, it is
possible to enter a complex number in the X-register and keep the rest of
the stack unchanged. Simply press and follow the previous keystroke
sequence from the first step and ahead.

What happens if is executed when complex mode is not active:
Created
Re Re Im/
T t t 0
Z | z t 0
Y|y z 0
X | x y X
L| | | 0
What happens if is executed when complex mode is active:
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Re Im Re Im

T t |t t |t
Z z Z; t t;
Y|y Vi z Z; Imaginary parts of
B> Y- and X- registers
X | X Xj y X are lost in this case
LI l; | l;
What happens if is executed when complex mode is not active:
Created
Re Re Im/
T t t 0
Z| z z 0
Y|y y | 0
¥
X | x 0 X
L| | I 0
What happens if is executed when complex mode is active:
Re Im Re Im
T t |t t |t
Z z Z; z Z;
YLy |V y | Vi
)
X | x X; X; X
L| I l; | l;

The operations in the table below act only in the real part of the numbers in
the stack, regardless the complex mode being activated or not:
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Stack 2-number 1-number
=)

The functions in the table below act simultaneously in both real and imagi-
nary parts of the numbers in the stack:

Stack 2-number 1-number
ENTER) xXy) HE®XE

Notice that the storage registers suffer no alterations when the calculator is
in complex mode.

(SIN) (COS]

Polar <> Rectangular Conversions

When dealing with complex numbers, the conver-
sion between rectangular and polar representa-
tions occurs only in the X-register, and it depends
on current angular mode. The following diagram
illustrates these operations.

Re Im Re Im
X-register a b P ¢
(displayed) (displayed)

Keep in mind that these are the only complex functions that consider an
argument in polar representation. All other functions assume that the argu-
ments are in rectangular representation. Also, current angular mode affects
the way the angle (0) in polar representation is either interpreted ((®=R)) or
computed ((=P)). If the current mode is degrees, © must always be in deci-
mal degrees prior to execute (=R). To view the
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Briefly Viewing the Imaginary Part of the X-register

The imaginary stack contents are not directly visible, but the imaginary part
of the X-register can be shown briefly by pressing . It remains visible
for as long as is held. If you press while the HP15C is not in
complex mode, | Err@r 3 s shown in the display. Use

only to interchange the imaginary and the real contents of the X-register.

Two “Tricky” complex operations

Some operations involving complex numbers need special attention.

Changing Signal

Regardless of the current mode, changes only the signal of the real X-
register. To change the signal of both parts of a complex number you can
either:

multiply it by = ... (T-register contents are lost in this case)

1. press (D
2. press (X)

... or change the signal of each one of the parts, one at a time.

press (CHS).

press

press (CHS).

press once more.

el N .

Storing and Recalling

and also act only upon the real X-register. So, either to store or
to recall complex numbers, two numbered registers will be necessary. For
example, to store a complex number already in the X-register into registers
R4 (real part) and Rs (imaginary part) and to recall it back:
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press 4. (stores real part)

press .

press 5. (stores imaginary part)

press once more. (returns to original complex number)

el N =

In order to recall it back to the X-register at any moment, you can choose
one of the two known forms of entering a complex number:

1. press 4 (recalls the real part).
2. Press 5 (recalls the imaginary part)
3. Press . (creates complex number 4 + 5i)

Again, the contents of both T- and Z- registers are lost. The other option, to
preserve Z-register contents, is:

1. press 5. (recalls imaginary part)
2. press .
3. press €.

4. press 4. (recalls real part)

Matrices

Basics

The HP15C allows operations with five definable matrices: A, B, C, D and
E. Each matrix has a descriptor, a pointer to its contents that is used by the
calculator’s operating system to define upon which matrix functions apply.
All five descriptors exist at any moment, even if no elements are associated
to a particular matrix.

The HP15C does not support complex matrices, it performs calculations
with real-number representations of complex matrices. Matrices functions
use only the contents of the real stack, even if complex mode is active.

Defining a Matrix Dimension

Because the descriptors exist at any moment, you only need to define their
dimension (#rows x #columns) by placing the number of rows (#r) in the
Y-register and the number of columns (#c) in the X-register and pressing
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{@) to (E}}. Only the integer part of both X-register (#c) and Y-
register (#r) will be used, whether they are negative or have fractional part.
As an example, to define matrix Azxp, simply press (2) @

(A). If you need to change a matrix dimension at any time, simply
enter the new values for #r and #c in the stack and press {A) to (E}}.
New elements are zeroed and exceeding elements will be neglected. Exist-
ing elements are rearranged in a row-preference sequence if matrix grows.

Checking the Descriptor

A matrix descriptor can be recalled and checked by pressing
{A), B), (C), D) or (E)} at any moment. To recall the descriptor of matrix
Aazxz simply press and the display shows:

A c c
The letter identifies the matrix, first number is #r and second number is #c.

Filling a Matrix with Data

Each time a matrix is created, its elements are zeroed. To fill any matrix
with custom data it is necessary to define which element of the matrix will
store the new data. As a general rule, Ro and R; are the row/column point-
ers, meaning that their contents point to the element to be accessed. The
diagram bellow illustrates the storing of number 5.0 0 & & in element a; 4

of matrix Azxz: (user active)

Before /LCD (normally shown) 4 After

| aggos —> GT0A ——] Bfgoao |

| waooo —----\ - —| 28000 |
R1 (col. #) R:

[ aa k- - —| pooo |

Ro RoandR; point to
next valid element if
user Mode active

o
|5}
RO (row #)

Matrix A
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Notice that when yser is active, the contents of both R and R are updated
to point to the next valid element of the current matrix (in this case, a; )
each time its elements are accessed either through or through (RCL). If
USER mode is not active, their contents remain unchanged after either
or are performed.

OO

Consider now that number 5.0 50 & must be stored in a;, right after

previous operation. Simply press (5) (STOJA). The diagram below illustrates
what happens, then:

Before /LCD (normally shown) ~a  After

0]
fo]
o]

]

c3

(7]

—

8
>

0]
[
L]

]
]

| eocoe o LLE |
R1 (col. #)

| oo oooo |
Ro (row #) Ro and R; point to

next valid element if
user Mode active

Matrix A

Again, as the USER mode is still active, the contents of both Ro and R; are
updated to point to the next valid element of the current matrix (in this
case, a, 1) after or through (RCD). If or are performed while
Ro and R; are pointing to the last element of a matrix and USER mode is
active, Ro and Ry will be updated to point back to the first element of the
current matrix.

Keep in mind that the HP15C does not keep track of the matrix you are
working with while storing or recalling data. The contents of Ro and R1
may point to an element that does not exist in a particular matrix, and if you

try to access a nonexistent element with or (RCL), the calculator dis-
plays Error 3

Voyagers in Brief — 1% ed. — 08/2009 -MoHPC - LCV 89



Alternate Data Entry in Matrices

At any moment, you can use the stack registers Z, Y and X to store, or Y
and X to recall a matrix element without changing Ro and R; contents. For
example, to store 5 as element a,; in matrix A, fill the stack with the data
shown in the diagram at the left side, and follow the keystrokes.

5 (are)

v | 200\ | CTOEIA v |1 | BLEDB

X /1 (#0) \[an 312} 5 (a,) X /2 (#0) { T‘s(bm)
v 5 a, w b,

(lost) (lost)

NNy

In the diagram at the right side, the element b, , (consider b, , = 8.0 & 0 0)
in matrix B is recalled. In both cases, LASTxX contents are not affected

Checking for Ro and R; Consistency

Whenever you want, it is possible to simply show the contents of Ry and
R without disturbing either the matrix or the stack contents. Whether
USER mode is active or not, after pressing (RCL), (STOJ, (RCLED or (STOED,
simply press and hold the matrix definition key ((A) to (E)) you want to
check the pointers for. If the element does not exist, Errar I s
displayed and you may release the key. If the element exists, for as long as
you hold the key the display shows: (consider previous example)

b L2

If the pointers point to the correct element and you want the operation to be
performed, you may simply release the key you are pressing ((A) to (E))
right after seeing the indexes below. But if you hold the matrix definition
key for more than about one second, the calculator aborts the operation and
shows:

rows )

In this case, no operation is performed and data in all registers remain.
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How to Apply Functions to Matrices

The most common way to perform calculations with matrices is:

1. place the descriptors of the matrices you are working with and any
additional arguments in the corresponding stack registers, if applica-

ble.

2. define where to store the result with
cable; some functions apply to the X-register descriptor.

3. press the keystroke sequence of the function you need to apply.

4. check the resulting elements in the result matrix defined in step 2.

{@&) to (E}, if appli-

Matrix A is the default result matrix and in a few cases, the function to be
applied does not allow a matrix with original arguments to be the result
matrix. Also, some matrix functions do not use the descriptors in the X- or
Y- registers, instead they apply straight to the result matrix. Check the
following tables and the HP15C User Manual for further information.

Effect on matrix

specified matrix.

Result in e s Effect on
Keystrokes X-register specm_e din Result Matrix
X-register
CHS No change. Changes sign of  None. §
all elements
Descriptor of None. F Inverse of speci-
result matrix. fied matrix. §
Descriptor of Replaced by None. t
transpose. transpose.
Row norm of None. None.
specified matrix*
Frobenius or None. None.
Euclidean norm
of specified
matrix.t
Determinant of None. t LU decomposi-

tion of specified
matrix. §
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* The row norm is the largest sum of the absolute values of the elements in each row
of the specified matrix.

t The Frobenius or Euclidean norm is the square root of the sum of the squares of all
elements in the specified matrix.

T Unless the result matrix is the same matrix specified in the X-register.

§ If the specified matrix is a singular matrix (that is, one that doesn't have an in-
verse), then the HP-15C modifies the LU form by an amount that is usually small
compared to round-off error. For (4, the calculated inverse is the inverse of a ma-
trix close to the original, singular matrix. (Refer to the HP-15C Advanced Func-
tions Handbook for further information.)

Useful Matrix Operations and Facts

0 All matrices to zero dimension; free registers become
available at common segment
1 1->Ro 1-R: (does not change stack contents)
Elements of Result Matrix *
Operation Matrix in Y-Register Scalar in Y-Register
Scalar in X-Register Matrix in X-Register
Adds scalar value to each matrix element
x) Multiplies each matrix element by scalar value
=) Subtracts scalar value from  Subtracts each matrix
each matrix element. element from scalar value.
=) Divides each matrix ele- Calculates inverse of matrix
ment by scalar value. and multiplies each element
by scalar value.

* Result matrix may be the same matrix in the X- or Y-register.

With matrix descriptors X and Y in both X- and Y-registers, and being their
dimension compatible:

- calculates Y + X and places result in result matrix
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(=) - calculates Y - X and places result in result matrix
(x] - calculates Y x X and places result in result matrix

(& - calculates R = X™ xY and places R in result matrix (Y can be the
result matrix but X); commonly used in linear systems solutions.

5 - calculates Y' x X and places result in result matrix

6 - calculates residual R-YxX; R is the result matrix, Y and X
are descriptors in Y- and X-registers

Representing Complex Matrices with Real Matrices

The HP15C does not support complex numbers as matrix elements, so it
represents complex matrices - Z© - by using real matrices where complex
numbers are split in real and imaginary parts, separately stored in each
element of the real matrix. The complex matrix is not suitable to perform
calculations, so we need two additional representations. One of them,
designated as partitioned - Z” -, has its elements reorganized in real and
imaginary ‘sections’, separately. The diagram below illustrates the matrices
and the functions to transform one representation into the other.

T
e X1 %o

ZC: XLl yll XLZ ylz ZP— XZ,]_ XZ‘Z Xi,i'rea|.
Xz,l yZl Xz,z yz,z yl,l yl2 Yii - Imaginary

'\_/ Yor Yoo

In order to obtain complex results from calculus with real matrix represen-
tations, the algorithms in the HP15C use a conjugated representation Z of
the partitioned matrix, which is mirrored with conjugated complex ele-
ments. The conjugated form is suitable to generate complex results while
performing real matrix calculations. The transformations from the parti-
tioned to the conjugated forms and conversely are illustrated in the diagram
below.
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X1 X Xia X2 Y Yi2
7P _| %1 %2 7 _ .’.‘2..1...?‘.2;2_57_ Yor Yoz

Yiu Y12 Yii V2 : X1 X2

Yor Va2 Yor Yo2i %1 %o

The user must identify which representation is being used at any moment
because, in terms of internal structure, the HP15C stores all of them as real
matrices. Only the user knows which matrices represent complex-number
structures.

Performing Complex Calculations with Matrices

As a primary rule, the main procedure to perform complex calculations
with real matrices is:

1. Enter complex data in a real matrix in complex or partitioned form;
complex form Z€ is suitable to enter complex data.

2. If matrix is in complex form, use to convert it into its parti-
tioned form Z°.
3. Use 2 to convert the partitioned form into its conjugate

form Z (mirrored with conjugate elements).

Perform the necessary complex operations;

5. Use 3 to convert the result matrix in Z form to partitioned
form Z°.

6. If you want, convert the result matrix in partitioned form into com-
plex form with @B(Cy.x); complex form is suitable for viewing com-
plex data

>

Important Observation about Programming

USER mode defines functionality and how (STO){(A) to (E}} and (RCL{(A)
to (E)} are recorded as program lines. If yser is active, their keycodes will
be added a ¥, like this: B {¥ Y4 {  (STO) A). When such lines are
executed, pointers (Ro and R; contents) will advance automatically as well.
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The HP16C Special Resources

The distinguished features offered with the HP16C are:

e Integer arithmetic in four number bases (hexadecimal, decimal, octal,
and binary), operating in 1's or 2's Complement or Unsigned mode.

e A variable word size, selected by the user, up to a maximum of 64 bits.

e Logical operators and bit manipulations.

o Floating-point decimal arithmetic (covered in future editions).

To match display presentations from now on, your HP16C should be in any
of the four integer modes. Considering that it is in floating point mode, the
following keystroke sequence sets hexadecimal mode:

Before /LCD (normally shown) \ After

any number I'—’rc_l.x\[ENTERl HEXI_’| L

All common features for the stack, memory and programming already
presented to all VVoyagers are applicable to the HP16C in integer mode as
well.

Integer Mode and Number Base Modes

Integer Mode strictly relates to four number base modes: hexadecimal
(HEX)), decimal ((DEC)), octal ((OCT)) and binary (BIN)). The HP16C han-
dles fractional decimal numbers only in Floating-Point Decimal mode.

The four number base modes used by the HP-16C in Integer mode are
mainly for purposes of display and digit entry. At the right of the eight-digit
display, an h, d, @, or b indicates the present number base mode. Press-
ing any of the four number base keys establishes Integer mode, and Hexa-
decimal is the default mode. Regardless of the current number base mode,
the internal representation of numbers is always binary.
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Only valid digit keys are active and interpreted accordingly. In Hexadeci-
mal mode, keys (A) to (F) respond as digit keys to enter numbers A, B, C, D,
E and F and they appear in the display as #, b, L, &, E and F.

Temporary Display:

To temporarily view the displayed value in another base, press
{(HEX), (DEC), or (BINJ}. The displayed number remains for at
least one second or for as long as you hold down the number base key.

Word Size

The HP16C will work with words (data units) up to 64 bits long, and the
default is 16 bits. To specify a word size (159 to 64;), key it in and press

. It must be keyed in according to the current base number, only
its absolute value is used and | Errar &  results if you attempt to
specify a word size larger than 64. If current word size limits the choices
for a new word size, key 0 which acts as 64 S0 you
can choose a new one. After is executed the stack drops.

Setting a smaller word size may truncate a word in the stack registers,
leaving only the least significant bits. Restoring previous word size or
setting a larger one will not retrieve stack registers contents nor the sign bit
of a negative number. The effect on storage registers is different.

Window Display and Scrolling

Any of the stack registers can hold up to 64 binary digits, depending on the
word size. The display can only show X-register contents, as it happens in
all other VVoyagers, and its contents are shown only eight digits at a time
regardless current integer mode. To allow the viewing of all digits of any
64-bit number in the X-register, they are split into eight-digit representa-
tions and shown in what we call windows.

Window O shows the eight rightmost, least significant digits of the X-
register. Leading zeros are not normally displayed, and a period on the left
and/or right side of the h, &, @, or b indicates hidden, existing digits.

Voyagers in Brief — 1% ed. — 08/2009 -MoHPC - LCV 97



When keying in a new integer, the most significant digits move off the left
end of the display and into window 1.

Pressing {0 to 7} displays each window at a time.

Erraor 1 results if you try to specify a window number greater
than 7. Any of the eight existing windows can be shown at anytime you
choose it, regardless current integer mode or existing digits (blank window
if empty). At each new entry into the X-register the display returns to win-
dow O (default).

B3 and @) move the number representation one digit at a time into
the display for viewing purposes (X-register contents are not changed). A
period can appear both on the left or right sides of the base indicator if the
current window is not at one end of the number. @B(<) cannot move win-
dow O contents to the left, but @B(>) can push window 7 contents to the
right and leave blanks in the left of the display. Scrolling is "reset" to win-
dow O when a bit manipulation or mathematical function is executed.

Consider the 64-digit number FFOOFFOOFFOOFF00,¢ in the X-register,
hexadecimal mode, and follow the keystroke sequence below.

Keystroke Display Comments
40 O h  Sets WSIZE = 64y,
FFOOFFOOFFOOFFOO FFOOFFOLD . Enters X-register data
(¢ [ OFFOOFFLD A Notice the periods in h
g &Y COFFOOFF A
g &Y FOOFFOOF A
1 FFOOFFOD h. Notice the period in h
2 h. Display blanks;
[ o [E3) F .h. Notice the periods in h

Complement Modes and Unsigned Mode

In the binary representation of a signed number, the leftmost or most sig-
nificant bit with respect to word size serves as the sign bit: O for plus and 1
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for minus. The HP-16C provides three conventions for representing num-
bers: 1 's Complement mode, 2 's Complement mode (default), and Un-
signed mode. The numbers stored in the calculator memory and stack
registers are not changed when a representation is changed. In 1's or 2’s
complement mode negative numbers are displayed with a minus sign only
in decimal mode.

1's Complement Mode

Pressing will set 1's Complement mode, which is formed
by complementing all bits of the negative number in the X-register. One's
Complement accommodates an equal number of positive and negative
numbers, but has two representations for zero: 0 and -0.

2's Complement Mode

Pressing will set 2's Complement mode, which is formed
by complementing all bits of the negative number in the X-register and
adding 1. In 2's Complement there is just one representation for zero, but
there is always one more negative number than positive number repre-
sented.

Unsigned Mode

Pressing will set Unsigned mode, which uses no sign
bit and leaves the most significant bit to add magnitude. Pressing in
unsigned mode causes the number in the X-register be the 2's comple-
mented and Flag 5 to be set as a reminder that the true result is out of the
range of the unsigned mode.

The following table summarizes how the complement modes affect the
decimal interpretation of all possible 4-bit patterns (word size 4).
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Decimal Interpretation of 4-Bit Binary

Binary 1's Complement  2's Complement  Unsigned Mode
Mode Mode
ol 1 1 1
ooig [ [ &
oo 5 5 5
oioo ~ - ki
oo 3 3 3
oo g c c £
ooo { { {
oooo ¥ 0 O
ol -0 - {5
i - -c ™
0 -c -3 i3
(oo -3 - ic
ol - -5 i
(oo -5 - b o
(oo - b -1 9
(ooo - -8 8
Flags

The HP-16C has three user flags (0, 1, and 2) and three system flags (3, 4,
and 5). These six flags behave the same as the HP11C and HP15C flags for
setting, clearing and testing. Flags 4 and 5 can be automatically cleared or
set as a result of some operations and functions.

e Flag 3 controls the display of leading zeros; if set they are shown.
Leading zeros are always suppressed in Decimal and Floating-Point
modes. In any integer mode, they are shown according to word size.

e Flag 4 is set or cleared (and the C annunciator) according to a carry or
borrow occurrence.

e Flag5is set or cleared (and the G annunciator) according to any out-of-
range occurence.
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Machine Status:

Pressing will temporarily show a special group of digits and
separators meaning:

e current complement mode
e current word size
e status of the four lower-numbered flags*®

The following illustration represents default display when is
pressed:

2-{6-0000
w Flags status

2’s Compl. Mode —/ \ Flag 0: clear
Flag 1: clear

Word Size: 16 Flag 2: clear

Flag 3: clear

The status display remains for at least 1 second or for as long as you hold
the key down. Word Size is always shown in decimal mode.

Arithmetic and Bit Manipulation Functions

Integer arithmetic operations and bit manipulation functions can only be
performed in Integer mode.

Carry and Out-of-Range Conditions

The execution of certain arithmetic and bit manipulation operations can
result in a carry and/or an out-of-range condition, which depend on the
particular function being executed.

Flag 4: Carry Flag

Flag 4 (carry flag) is set if the carry bit is 1 and cleared if the carry bit is O.
All results from shifting, rotating, and arithmetic operations listed below
affect flag 4 and the C annunciator in Integer mode.

49 flags 4 and 5 have their own C and G annunciators.
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(carry)

RLC (=) (borrow)
ASR (=) (reminder = 0)
RRC (reminder = 0)

(reminder = 0)

Flag 5: Out-of-Range Flag

Flag 5 and (G annunciator) is set if the correct result of an operation cannot
be represented in the current status. The functions below affect flag 5 status
in Integer mode:

=) x] =]

), (33, %, (2 and also affect flag 5 in Floating-Point Decimal
mode and in other circumstances.

Arithmetic Functions in Integer Mode

(#), (5), ¥ and (=) can also be performed using integers in any base. (%)
always truncates fraction part of the result, if any.

Addition and Subtraction in 1's Complement Mode.

In 1's Complement mode the result of an addition is affected by the occur-
rence of a carry (1 is added to the result) and the result of a subtraction is
affected by the occurrence of a borrow (1 is subtracted from the result).
Both cases set flag 4

The Carry Flag During Addition and Subtraction

For all complement modes, the carry flag will be set whenever a binary
addition results in a carry "out of the most significant bit or a binary sub-
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traction results in a borrow into the most significant bit. Otherwise, it is
cleared.

The Out-of-Range Flag

Avrithmetic results that cannot be shown in the current word size and com-
plement mode set Flag 5. For (=) this occurs only in 2's Complement mode
when the largest possible negative number is divided by -1.

Remainder After Division and Square Root

calculates the remainder of a division, or [y| MOD [x|. The sign of
the result matches the sign of y (dividend). The &) function calculates the
square root of the number in the X-register. The fractional part of the
square root is truncated. Flag 4 is set if the remainder ( ) or fraction
part (@) of the result is not zero, otherwise is cleared.

Negative Numbers and Complementing

Changing Signs. The function (change sign) will change the sign of
the number in the X-register, forming the complement (1's or 2's). In Un-
signed mode, forms a 2's complement and sets flag 5, to0™.

Absolute Value. Pressing EB(ABS) converts the number in the X-register to
its absolute value, forming the 1's or 2's complement of a negative number.

If the X-register holds the largest possible negative number in 2's Comple-
ment mode, either or @B(ABS) causes flag 5 to be set.

Logical Operations
NOT

- 1-number function that complements (inverts) the values of all
bits in the binary number in the X-register.

50 A reminder that a negative number is outside the range of Unsigned mode
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AND

- 2-number function (the logical product) that compares each
corresponding bit in two words and returns 1 only if both operand bits are
1.

OR

- 2-number function (the logical sum) that compares each corre-
sponding bit in two words and returns 0 only if both operand bits are 0.

EXCLUSIVE OR

- 2-number function (the logical difference) that compares the
corresponding bits in two words and yields a 1 only if two corresponding
bits are different.

Shifting and Rotating Bits

Shifting and rotating operations cause the bits of a word to be moved left or
right. Except with (LJ) (left-justify), Flag 4 reflects the status of the last out-
of-the-word bit, defined by current word size.

Shifting Bits

Logical Shifts. Pressing (shift left) or (shift right) moves all
the bits of the word in the X-register one bit to the left or right. The new
bits generated at the opposite end of the word are always zeros.

Q«I (]

Left-Justify. DL left-justifies a word within its word size. Places the left-
justified word in the Y-register and the number of bit-shifts necessary to
left- Justify it (count) in the X-register. @B(L)) does not affect Flag 4.

<=0 o0—

Arithmetic Shift Right - if the calculator is in 1’s or 2’s complement mode,
@B(ASR) moves (shifts) bit pattern in the X-register one bit to the right and
regenerates its sign bit. In Unsigned Mode, EB(ASR) operates like (SR).
Carry bit follows any bits that are shifted out of the word in X-register
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ED(ASR)

[« > ]
O c

Rotating Bits

Rotation ("circularly shift") - (rotate left) and (rotate right)
rotates X-register contents one bit to the left or right. The Flag 4 follows
state of rotated bit.

™ N
[ JeT< J [ >— ]

Rotation Through the Carry Bit - @EB[RLC) (rotate left through carry) and
EB(RRC) (rotate right through carry) differ from and functions
respectively because Flag 4 does not hold a copy of the rotating bit, it
actually holds ‘the rotating bit’. Flag 4 is virtually ‘added”’ to the bit pattern
while rotating its contents.

©(RLC) EIRRC)

e U =
[ = o | > ]

Rotating More Than One Bit at a Time. The four functions above have
their ‘n-time’ versions: , , EB(RLCn) and EB(RRCn) work the
same as their ‘one-time’ counterparts except that the bit pattern is taken
from the Y-register and the number of times they rotate is taken from the X-
register. The stack drops, placing the result in the X-register.

Setting, Clearing, and Testing Bits

@B(SB) (set bit) and EB(CB) (clear bit) functions set (1) or clear (0) any of
the existing bits in a word, while EB(B?) tests any of them, in a manner
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analogous to flag-testing even as a program step. To set, clear, or test a
specific bit in a word:

e The word containing the specific bit must be in the Y-register.
e The magnitude of the number in the X-register locates the bit

Bits are numbered in the same way they are signified. After any of these
bit-wise test functions, stack drops.

Masking

(mask left) and (mask right) create left- or right-
justified strings of 1 bits with magnitude (< wordsize) specified in the X-
register (# of 1's). The mask replaces X-register contents (stack un-
changed). Although the mask is justified, it can be placed in the middle of
the field of a number by using other functions (shift, rotate, multiply by 2")

Bit Summation

@©(#B) (number of bits) sums the bits in the pattern stored in the X-register
and returns that value back to the X-register, saving the bit pattern in
LASTX register. No stack lift occurs. In word sizes 1 and 2, the result must
be interpreted in Unsigned mode.

"Double" Functions

Double functions in the HP16C allow the exact calculation of a product
double the given word size and the exact calculation of a quotient and
remainder from a dividend of double word size.

Because the result is often a number split in parts that fit in current word
size, to obtain meaningful double numbers as results in Hexadecimal and
Octal modes the word boundary (which is based on the numbers of bits)
must not "split" a digit. Therefore, you should specify a compatible word
size: a multiple of four in Hex mode and a multiple of three in Octal mode.
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Double Multiply

@B(DBLx) multiplies two single-word quantities in the X- and Y-registers to
yield a double-word, right-justified result in the X- and Y-registers. The
stack contents during this operation are shown below.

3(DBLX)
Y | y | Multiplicand | XY | F?%L(jj?jlst
X| X | Multiplier | Xy... | t()f;tigfilr;o):(;er
\LCD (normally shown) /V

Double Divide

@B(DBL+) computes the quotient of a dividend of double word size split in
the Y- and Z-registers, divided by a single-word divisor in the X-register.
The stack drops twice, placing the single-word result in the X-register.

FA(DBL+
([ ]
Dividend (high-
Y | y... order bits in Y)
X| X | Divisor | (y...z)/x Quotient
'\LCD (normally shown) -~

Erraor O  occurs if the answer cannot be represented in a single
word size. Flag 4 is set if the remainder is not equal to zero.

Double Remainder

@DDBLR) operates like EDMDBL=) except that the remainder is returned in-

stead of the quotient. It is determined as for the (single reminder)

function, with the sign of the result matching the sign of the dividend.
Errar O occurs if the quotient exceeds 64 bits.
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Example: Applying Double Divide®

Compute the quotient of ST14AF2s 15 16 hexadecimal places.
7TE14684,

Although the result is a fraction, this problem can be solved in Integer
mode by first finding the integer quotient of

16 zeroes

——
5714AF2000---00,
7E14684,,

and then placing a decimal point to the left of the result (thereby dividing
the result by 2%). Use to accommodate a numerator this large.

Status:| O -B4Y-0000  (unsigned mode, word size=64)

Keystroke Display Comments
40 O h  Sets WSIZE = 64,
0 0 h
5714AF2 TIMRAFZ h double-sized dividend
7E14684@DBL) EFB5d % L .k Carry bit set
1 bOdOBF % A h

Result is BODO6F6A7E985D8C 16, so the actual answer is:
0.BODO6F6A7E985D8C 16

51 Copy of the original example from the HP16C Owner’s Handbook, p. 54
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APPENDIXES
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Error Messages

Error messages are identified by the

Error #

display, where #

is the number that identifies the error type. The following table describes
the errors and their application to each model. The reference for each error
message can be found in the back-label of any VVoyager (except the HP12C).

Message Description Obs.
Errar O |Improper Math Operation |x/0, LN(0), V(-), etc.
Storage Register Overflow | HP10C/11C/12C
Error | Improper Mtx. Operation | HP15C
Improper Reference Digit | HP16C
Errar P Improper Stat. Operation | HP10C/11C/12C/15C
Improper Bit # HP16C
Statistics Reg Unavailable | HP10C
Error 3 | Improper Register # HP11C/15C/16C
IRR (needs estimate) HP12C
Error M Improper Memory Call register, label / prgm line
Improper Register # HP10C
Error & Subroutine Level too deep | HP11C/15C/16C
Compound Interest HP12C
Improper Flag # HP11C/15C
Error b Storage Registers Error HP12C
Invalid Register Contents | HP16C
Errar 1 IRR (no roots for IRR) HP12C
87 ' |Recursive or HP15C
Errar B Calendar HP12C
No Root from HP15C
Error 9 | Service Needed (ON)/(x) (ON)/(=)
Error {0 |[Insufficient Memory HP15C only
Error {{ |Invalid Matrix Argument | HP15C only

Pr Error

Memory Contents Lost

power loss, (ON)/(=)

Voyagers in Brief — 1% ed. — 08/2009 -MoHPC - LCV 11




Annunciators

In the beginning of this book you were shown how to perform some tests in
your calculator by following simple keystroke sequences. The first test
leads to the following display: (all models)

l-&&iaa&aa&a

USER f g BEGIN GRAD D.MY C PRGM

which means that the calculator is working fine. The set of characters that
appear in the button of the display are named annunciators, and they signal-
ize (announce) particular operating conditions at the moment you are using
the calculator. Their meaning is summarized in the table below.

Annunciator Meaning
. normally off or flashing; when this anunciator flashes, bat-
teries should be changed for new, fresh ones.
f key pressed, prefixed action active
g @D key pressed, prefixed action active (all but HP10C)
USER USER keyboard active (HP11C/HP15C only)
BEGIN | Payment in advance; (HP12C only)
G Out-of-Range condition (HP16C only)
GRAD grads angle mode set (HP10C/HP11C/HP15C)
RAD radians angle mode set (HP10C/HP11C/HP15C)
D.MY dd.mmyyyy date mode selected (HP12C only)
HP12C: consider compound interest in odd period
C HP15C: complex mode active
HP16C: carry/borrow condition occur
PRGM program mode active

If there is no specific mention to a particular model, the annunciator has the
same meaning in all models.
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HP12C
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Note that this is from the newer calculators, with one single button-
type battery; the battery-door was kept in the drawing for reference.
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