K2 cackaro
HP-15C

Owner’s Handbook

November 1985

00015-90001 Rev. G

Printed in Canada



Introduction

Congratulations! Whether you are new to HP calculators or an
experienced user, you will find the HP-15C unmatched in the
calculator world. Besides Continuous Memory and low power
consumption, the HP-15C state-of-the-art technology provides:

e 448 bytes of program memory (one or two bytes per
instruction) and sophisticated programming capability, in-
cluding conditional and unconditional branching, subrou-
tines, flags, and editing.

¢ Four advanced mathematics capabilities: complex number
calculations, matrix calculations, solving for roots, and
numerical integration.

® Direct and indirect storage in up to 67 registers.
®* Long-life battertes.

This handbook is written for you, regardless of your level of
expertise. The first part, Fundamentals, covers all the basic
functions of the HP-15C and how ta use them. Each section in the
second part, Programming, is broken down into three sub-
sections—The Mechanics, Examples, and Further Information—in
order to make it easy for users with varying backgrounds to find
the information they need. The third part, Advanced Functions,
describes the four advanced mathematics capabilities.*

Before starting these sections, you may want to gain some
operating and programming experience on the HP-15C by work-
ing through the introductory material, The HP-15C: A Problem
Solver, on page 12.

The various appendices describe additional details of calculator
operation, as well as warranty and service information. The
Function Summary and Index and the Programming Summary
and Index at the back of this manual can be used for quick

* You certainly do not need to read every page of parts I and II before delving into the HP-
15C Advanced Functions if you are already familiar with HP calculators. The use of
and requires a knowledge of HP-15C programming.
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reference to each function key and as a handy page reference to
more comprehensive information inside the manual.

Also available from Hewlett-Packard dealers is the HP-15C
Advanced Functions Handbook, which provides applications and
technical descriptions for the root-solving, integration, complex
number, and matrix functions.
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The HP-15C:
A Problem Solver

The HP-15C Advanced Programmable Scientific Calculator is a
powerful problem solver, convenient to carry and easy to hold. Its
Continuous Memory retains data and program instructions
indefinitely until you choose to reset it. Though sophisticated, it
requires no prior programming experience or knowledge of
programming languages to use it.

An important new feature of your HP-15C is ita extremely low
power consumption. This efficiency is responsible for the
lightweight, compact design, and eliminates the need for a
recharger. Power consumption in the HP-15C is so low that the
average battery life in normal use is 6 to 12 months. In addition,
the low-power indicator gives you plenty of warning before the
calculator stops functioning.

The HP-15C also conserves power by automatically shutting its
display off if it is left inactive for a few minutes. But don’t worry
about losing data—any information contained in the HP-15C is
saved by Continuous Memory. |

A Quick Look at| ENTER

Your Hewlett-Packard calculator uses a unique operating logic,
represented by the key, that differs from the logic in most
other calculators. You will find that using makes nested
and complicated calculations easier and faster to work out. Let’s
get acquainted with how this works.

For example, let’s look at the arithmetic functions. First we have to
get the numbers into the machine. Is your calculator on? If not,
press (ON|. Is the display cleared? To display all zeros, you can
press [g][Clx], that is, press [g], then [«].* To perform arithmetic,

* If you have not used an HP calculator before, you will notice that most keys have three
labels. To use the primary function—the one printed in white on top of the key—just
press that key. For those printed in gold or blue, press the gold [f]key or the blue| 8 | key
first.

12
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key in the first number, press to separate the first number
from the second, then key in the second number and press [+]. [=],
[x], or [#]. The result appears immediately after you press any
numerical function key.

The display format used in this handbook is 4 (the decimal
point is “fixed” to show four decimal places) unless otherwise
mentioned. If your calculator does not show four decimal places,
you may want to press [f] 4 to match the displays in the
examples.

Manual Solutions

Run through the following two-number calculations. It is not
necessary to clear the calculator between problems. If you enter a
digit incorrectly, press [#] to undo the mistake, then key in the
correct number.

To Compute: Keystrokes Display
9-6=3 9 [ENTER]6 (=] 3.0000
9X 6=>54 9 (ENTER] 6 [x] 54.0000
9+6=15 9 [ENTER] 6 (%] 1.6000
98 =531,441 9 [(ENTER] 6 [¥] 531,441.0000

Notice that in the four examples:

e Both numbers are in the calculator before you press the
function key.

o is used only to separate two numbers that are keyed in
one after the other.

e Pressing a numeric function key, in this case [, [x], (3], or 7],
executes the function immediately and displays the result.

To see the close relationship between manual and programmed
problem solving, let's first calculate the solution to a problem
manually, that is, from the keyboard. Then we’ll use a program to
calculate the solution to the same problem with different data.
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The time an object takes to fall to the ground (ignoring air friction)
is given by the formula

where ¢t = time in seconds,
h = height in meters,
£ = the acceleration due to
gravity, 9.8 m/s?.

Example: Compute the time taken
by a stone falling from the top of the
Eiffel Tower (300.51 meters high) to
the earth.

Keystrokes Display

300.51 300.5100 Enter h.

2 [x] 601.0200 Calculates 2h.

9.8[7) 61.3286 (2h) /g.

7.8313 Falling time, seconds.

Programmed Solutions

Suppose you wanted to calculate falling times from various
heights. The easiest way is to write a program to cover all the
constant parts of a calculation and provide for entry of variable
data.

Writing the Program. The program is similar to the keystroke
sequence you used above. A label is useful to define the beginning
of a program, and a return is useful to mark the end of a program.
Also, the program must accommodate the entry of new data.

Loading the Program. You can load a program for the above
problem by pressing the following keys in sequence. (The display
shows information which you can ignore for now, though it will be
useful later.)



Keystrokes

(g](P7R]

[fICLEAR

(OIEM

Rl *

[e](P7R]

The HP-15C: A Problem Solver 15

Display
000-

000-

001-42,21,11

002- 2
003~ 20
004- 9
005- 48
006- 8
007~ 10
008- 1
009- 4332
7.8313

Sets HP-15C to Program
mode. (PRGM annuncia-
tor on.)

Clears program mem-
ory. (This step is option-
al here.)

Label “A” defines the be-
ginning of the program.

The same keys you
pressed to solve the prob-
lem manually.

“Return” defines the end
of the program.

Switches to Run mode.
(No PRGM annunciator.)

Running the Program. Enter the following information to run

the program.

Keystrokes
300.51

1Al
1050 [f](A]

Display

300.51

7.8313

14.6385

Height of the Eiffel
Tower.

Falling time you calcu-
lated earlier.

The time (seconds) for a
stone to reach the
ground after release
from a blimp 1050 m
high.
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With this program loaded, you can quickly calculate the time of
descent of an object from different heights. Simply key in the
height and press (1][A]. Find the time of descent for objects released
from heights of 100 m, 2 m, 275 m, and 2,000 m.

The answers are: 4.5175 8;0.6389 s; 7.4915 8; and 20.2031 s.

That program was relatively easy. You will see many more aspects
and details of programming in part II. For now, turn the page to
part I to take an in-depth look at some of the calculator’s important
operating basics.



Partl

HP-15C
Fundamentals




Section 1

Getting Started

Power On and Off

The key turns the HP-15C on and off.* To conserve power, the
calculator automatically turns itself off after a few minutes of
inactivity.

Keyboard Operation

Primary and Alternate Functions

Most keys on your HP-15C perform one primary and two alternate,
shifted functions. The primary function of any key is indicated by
the character(s) on the face of the key. The alternate functions are
indicated by the gold characters printed above the key and the blue
characters printed on the lower face of the key.

e To select the primary function
printed on the face of a key, SOLVE
press only that key. For ‘ -
example: [3].

e To select the alternate function
printed in gold or blue, press the
like-colored prefix key ([f] or [g])
followed by the function key. For
example: (f][SOLVE]; [g][x<y].

Throughout this handbook, we will observe certain conventions in
referring to alternate functions. References to the function itself
will appear as just the key name in a box, such as “the [MEM]
function.” References to the use of the key will include the prefix
key, such as “press [g][MEM].” References to the four gold functions
printed under the bracket labeled “CLEAR” will be preceded by the
word “CLEAR,” such as “the CLEAR function,” or “press [f]
CLEAR [PRGM].”

* Note that the key is lower than the other keys to help prevent its being pressed
inadvertently.

18
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Notice that when you press the [f] or ST Rt e
(¢] prefix key, an f or g annunciator 06000 T _'
appears and remains in the display S
until a function key is pressed to

complete the sequence.

Prefix Keys

A prefix key is any key which must precede another key to
complete the key sequence for a function. Certain functions require
two parts: a prefix key and a digit or other key. For your reference,
the prefix keys are:

[CF] [ENG] [FIX] [GSB] (& [MATRIX] [SCl] STO
[ r [(AYP] [SG] [Rcy) (SF)
[DSE] [F?] ([GTO] (HYP'] [LBL]) [RESULT) [SOLVE] [x%]

If you make a mistake while keying in a prefix for a function, press

(f]CLEAR to cancel the error. The CLEAR key is also

used to show the mantissa of a displayed number, so all 10 digits of
the number in the display will appear for a moment after the

PREFIX | key is pressed.

Changing Signs

Pressing (change sign) will change the sign (positive or
negative) of any displayed number. To key in a negative number,
press after its digits have been keyed in.

Keying in Exponents

(enter exponent) is used when keying in a number with an
exponent. First key in the mantissa, then press and key in the
exponent.

For a negative exponent press after keying in the exponent.*
For example, to key in Planck’s constant (6.6262 X 10734 Joule-
seconds) and multiply it by 50:

* may also be pressed after [EEX) and before the exponent, with the same result
(unlike the mantissa, where digit entry must precede )



Keystrokes Display

6.6262 6.6262
EEX 6.6262 00 The 00 prompts you to
key in the exponent.
3 6.6262 03 (6.6262 X 10%).
4 6.6262 34 (6.6262 X 1074).
CHS 6.6262 -34  (6.6262X 10 3%).
6.6262 -34 Enters number.
50 [x] 3.3131 -32 Joule-seconds.
N.:. Decimal digits from the mantissa that spill into the

exponent field will disappear from the display when you
press [EEX], but will be retained internally.

To prevent a misleading display pattern, will not operate with
a number having more than seven digits to the left of the radix
mark (decimal point), nor with a mantissa smaller than 0.000001.
To key in such a number, use a form having a greater exponent
value (whether positive or negative). For example, 123456789.8 X
102 can be keyed in as 1234567.898 X 10%; 0.00000025 X 107'° can
be keyed in as 2.5 X 10722,

The "CLEAR’ Keys

Clearing means to replace a number with zero. The clearing
operations in the HP-15C are (the table is continued on the next

page):

Clearing Sequence Effect i
- [g](CLx] . Clears display (X-register). |
= e
In Run mode: Clears last digit or entire display. .

In Program made: . Deletes currentinstruction. 1
; . i
. [{]CLEAR(Z] ~ Clears slatistics storage registers, '

display, and the memory stack (described
in section 3). §



Clearing Sequence - Effect B

e
K

-
. (fJCLEAR | !
. InRun mode: ~ Repositions program memory to line i
. 000. |
i In Program mode: | Deletes all program memory. '
: (fJCLEAR Clears all data storage registers.

‘ [fJCLEAR [PREFIX]* Clears any prefix from a partially entered l

key sequence.

TR B T EUE P

!
H £
)

i *Also temporarily displays the mantissa.

PRSI Atemma B s U U

Display Clearing: [CLx]and [ ]

The HP-15C has two types of display clearing operations:
(clear X) and [®](back arrow).

In Run mode:

o clears the display to zero.

® deletes only the last digit in the display if digit entry has
not been terminated by or most other functions. You
can then key in a new digit or digits to replace the one(s)
deleted. If digit entry kas been terminated, then [«] acts like

Clx|.
Keystrokes Display
12345 12,345 Digit entry not

terminated.

[«] 1.234 Clears only the last digit.
9 12,349
111.1261 Terminates digit entry.
[«] 0.0000 Clears all digits to zerao.

In Program mode:

» is programmable: it is stored as a programmed
instruction, and will not delete the currently displayed
instruction.

" is not programmable, so it can be used for program
correction. Pressing will delete the entire instruction
currently displayed.



Calculations

One-Number Functions

A one-number function performs an operation using only the
number in the display. To use any one-number function, press the
function key after the number has been placed in the display.

Keystrokes Display
45 45
[g][LOG] 1.6532

Two-Number Functions and | ENTER

A two-number function must have two numbers present in the
calculator before executing the function. (], =], [x], and [¢] are
examples of two-number functions.

Terminating Digit Entry. When keying in two numbers to
perform an operation, the calculator needs a signal that digit entry
is terminated for the first number. This is done by pressing
to separate the two numbers. If, on the other hand, one of the
numbers is already in the calculator as the result of a previous
operation, you do not need to use the key. All functions
except the digit entry keys themselves* have the effect of
terminating digit entry.

Notice that, regardless of the number, a decimal point always
appears and a set number of decimal places are displayed when

you terminate digit entry (as by pressing [ENTER)).

Chain Calculations. In the following calculations, notice that:

« The key is used only for separating the sequentiai
entry of two numbers.

» The operator is keyed in only after both operands are in the
calculator.

s The result of any operation may itself become an operand.
Such intermediate results are stored and retrieved on a last-in,
first-out basis. New digits keyed in following an operation are
treated as a new number.

* The digit keys, [-],[CHS], EEX], and [+].



Example: Calculate (9+ 17— 4) ~ 4.

Keystrokes Display
9 9.0000
17[+] 26.0000
47 22.0000
4f+] 5.56000

Digit entry terminated.
(9+17).

9+17—4).
(9+17—4) + 4.

Even more complicated problems are solved in the same manner—
using automatic storage and retrieval of intermediate results. It is
easiest to work from the inside of parentheses outwards, just as you

would with calculations on paper.

Example: Calculate (6 + 7) X (9 — 3).

Keystrokes Display
6 6.0000
7 13.0000
9 9.0000
3(-] 6.0000
x) 78.0000

First solve for the
intermediate result of
6+ 7).

Then solve for the
intermediate result of
(9 — 3).

Then multiply the
intermediate results
together (13 and 6) for the
final answer.

Try your hand at the following problems. Each time you press
or a function key in a calculation, the preceding number is

saved for the next operation.

(16 X 38) — (13 X 11) = 455.0000

4X(17—12) (10— 5)=4.0000

232 — (13X 9)+ 1/7=412.1429

V(5.4 X 0.8) = (12.5— 0.7%)] = 0.5998



Section 2

Numeric Functions

This section discusses the numeric functions of the HP-15C
(excluding statistics and advanced functions). The nonnumeric
functions are discussed separately (digit entry in section 1, stack
manipulation in section 3, and display control in section 5).

The numeric functions of the HP-15C are used in the same way
whether executed from the keyboard or in a program. Some of the
functions (such as [ABS]) are, in fact, primarily of interest for
programming.

Remember that the numeric functions, like all functions except
digit entry functions, automatically terminate digit entry. This
means a numeric function does not need to be preceded or followed

by [ENTER].

Pi
Pressing [g}[x] places the first 10 digits of = into the calculator. [r]
does not need to be separated from other numbers by [ENTER].

Number Alteration Functions

The number alteration functions act upon the number in the
display (X-register).

Integer Portion. Pressing [g] replaces the number in the
display with the nearest integer of lesser or equal magnitude.

Fractional Portion. Pressing [f][FRAC] replaces the number in the
display with its fractional part (that is, the difference between the
number and its integer part).

Rounding. Pressing [g][RND]rounds all 10 internally held digits of
the mantissa of the displayed value to the number of digits
specified by the current [FIX], [SCI], or [ENG] display format.

Absolute Value. Pressing [g] yields the absolute value of the
number in the display.

24



Keystrokes Display

123.4567 [g][INT) 123.0000

[g](LSTx][cHS][g](INT] ~123.0000 Reversing the sign does
not alter digits.

(a][LSTx][f][FRAC] -0.4567

1.23456789

[g](AND] -1.2346

CLEAR 1234600000 Temporarily displays all

(release) -1.2346 digits in the mantissa.

(g](ABS] 1.2346

One-Number Functions

One-number math functions in the HP-15C operate only upon the
number in the display (X-register).

General Functions

Reciprocal. Pressing calculates the reciprocal of the number
in the display.

Factorial and Gamma. Pressing [f][x!] calculates the factorial of
the displayed value, where x is an integer 0 < x < 69.

You can also use to calculate the Gamma function, I'(x), used in
advanced mathematics and statistics. Pressing [f] [x!] calculates
I' (x + 1), so you must subtract 1 from your initial operand to get
I' (x). For the Gamma functicn, x is not restricted to nonnegative
integers.

Square Root. Pressing calculates the positive square root of
the number in the display.

Squaring. Pressing [g][¥?] calculates the square of the number in
the display.

Keystrokes Display
25 0.0400
8[f](=Y] 40,320.0000 Calculates 8! or I (9).
3.9 1.9748

12.3[g)ix*] 151.2900



Trigonometric Operations

Trigonometric Modes. The trigonometric functions operate in
the trigonometric mode you select. Specifying a trigonometric
mode does not convert any number already in the calculator to that
mode; it merely tells the calculator what unit of measure (degrees,
radians, or grads) to assign a number for a trigonometric function.

Pressing (g] sets Degrees mode. No annunciator appears in
the display. Degrees are in decimal, not minutes-seconds form.

Pressing {g] sets Radians mode. The RAD annunciator
appears in the display. In Complex mode, all functions (except
and [®R]) assume values are in radians, regardless of the
trigonometric annunciator displayed.

Pressing [g] sets Grads mode. The GRAD annunciator
appears in the display.

Continuous Memory will maintain the last trigonometric mode
selected. At “power up” (initial condition or when Continuous
Memory is reset), the calculator is in Degrees mode.

Trigonometric Functions. Given x in the display (X-register):

Pressing |

i Calculates

ASTEAIL T P W e r e

. [a)(SNT]

5
'

sine of x
arc sine of x

i
i
1
1
i
I
i

. [COS . cosine of x
(g[ccs™] ! arc cosine of x
[TAN] tangent of x
[g][TANT] arc tangent of x !

Before executing a trigonometric function, be sure that the
calculator is set to the desired trigonometric mode (Degrees,
Radians, or Grads).

Time and Angle Conversions

Numbers representing time (hours) or angles (degrees) can be
converted by the HP-15C between a decimal-fraction and a
minutes-seconds format:
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Hours Decimal Hours -eg———» Hours.Minutes Seconds Decimal Seconds
(H.h) (H.MMSSs)

Degrees.Decimal Degrees «e———» Degrees.Minutes Seconds Decimal Seconds
(D.d) (0.MMSSs)

Hours/Degrees-Minutes-Seconds Conversion. Pressing

converts the number in the display from a decimal
hours/degrees format to an hours/degree-minutes-seconds-decimal

seconds format.

For example, press to convert

1.2 3 4 5 1.1404
“F—-' N p— S —

— Séconds
to | minutes
hours hours

Press [f] to display the value to all possible decimal places:

1140420000

it

l.to the hundred-thousandths of a second.

Decimal Hours (or Degrees) Conversion. Pressing [g] [*H)
converts the number in the display from an hours/degrees-
minutes-seconds-decimal seconds format to a decimal
hours/degrees format.

Degrees/Radians Conversions

The and [®RAD] functions are used to convert angles to
degrees or radians (D.d -3 R.r). The degrees must be expressed

as decimal numbers, and not in a minutes-seconds format.

Keystrokes Display
40.5 [f][+RAD] 0.7069 Radians.
[g][+DEG)] 40.5000 40.5 degrees (decimal

fraction).
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Logarithmic Functions

Natural Logarithm. Pressing [g] calculates the natural
logarithm of the number in the display; that is, the logarithm to the
basee.

Natural Antilogarithm. Pressing calculates the natural
antilogarithm of the number in the display; that 1s, raises e to the
power of that number.

Common Logarithm. Pressing (g] calculates the common
logarithm of the number in the display; that is, the logarithm to the
base 10.

Common Antilogarithm. Pressing calculates the common
antilogarithm of the number in the display; that is, raises 10 to the
power of that number.

Keystrokes Display
45 {g][LN) 3.8067 Natural log of 45.
3.4012 30.0001 Natural antilog of 3.4012.
12.4578 (g][LOG] 1.0954 Common log of 12.4578.
3.1354 1,365.84056 Common antilog of
3.1354.

Hyperbolic Functions
Given x in the display (X-register):

. Pressing | Calculates |

. [Fl(HYP](SIN] hyperbolic sine of x 1

- [g)(HYPT(SIN] inverse hyperbalic sine of x 1

:: [g](HYPT][COS] inverse hyperbalic cosine of x
- [{)(HYP][TAN! i hyperbolic tangent of x @
' [@EYPI[OAN] | inverse hyperbelic tangent of x

- {f)(HYP](COS] | hyperbolic cosine of x ;
‘ |

!
i
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Two-Number Functions

The HP-15C performs two-number math functions using two
values entered sequentially into the display. If you are keying in
both numbers, remember that they must be separated by or

any other function—like (g] (INT] or (1/x]—that terminates digit
entry.

For a two-number function, the first value entered is considered the
y-value because it is placed into the Y-register for memory storage.
The second value entered is considered the x-value because it
remains in the display, which is the X-register.

The arithmetic operators, [+], 5], [X], and [5], are the four basic
two-number functions. Others are given below.

The Power Function

Pressing (y*] calculates the value of y raised to the x power. The
base number, ¥, is keyed in before the exponent, x.

_ToCalculate | Keystrokes | Display _

24 JENTERNIAR) 2.6390

2-14 ‘ 2 [ENTER]1.4[CHS)®]! ©0.3789

L —=2)3 : 2 [CHS](ENTER] 3 [¥*] -8.0000

% Y2 or2” ‘ 2[ENTER]3[1/x||yxl ! 1.2599 |
Percentages

The percentage functions, and [A%], preserve the value of the
criginal base number along with the result of the percentage
calculation. As shown in the example below, this allows you to
carry out subsequent calculations using the base number and the
result without re-entering the base number.

Percent. The [%] function calculates the specified percentage of a
base number.
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For example, to find the sales tax at 3% and total cost of a $15.76
item:

Keystrokes Display

15.76 15.7600 Enters the base number
(the price).

3 [g)(%] 0.4728 ' Calculates 3% of $15.76
(the tax).

16.2328 Total cost of item ($15.76
+ $0.47).

Percent Difference. The function calculates the percent
difference between two numbers. The result expresses the relative
increase (a positive result) or decrease (a negative result) of the
second number entered compared to the first number entered.

For example, suppose the $15.76 item only cost $14.12 last year.
What is the percent difference in last year’s price relative to this

year’'s?

Keystrokes Display

15.76 15.7600 This year’s price (our
base number).

14.12 (g][2%] ~10.4061 Last year’s price was
10.41% less than this

year’s price,

Polar and Rectangular Coordinate Conversions
The and functions are

provided in the HP-15C for conver- b >
sions between polar coordinates and |
rectangular coordinates. r Py
The angle 6 is assumed to be in the 6} I

units set by the current trigonometric
mode, whether degrees (in a decimal
format, not a minutes-seconds for-
mat), radians, or grads. € is measured
as shown in the illustration at right.

Polar Conversion. Pressing (g] ([®P] (polar) converts a set of
rectangular coordinates (x, ¥) to polar coordinates (magnitude r,




angle #). The y-value must be entered first, the x-value second.
Upon executing [g][*P], r will appear in the display. Press (X
exchange Y) to bring 8 out of the Y-register and into the display
(X-register). 8 will be returned as a value between —180° and 180°,
between —m and = radians, or between —200 and 200 grads.

Rectangular Conversion. Pressing [f] (rectangular) con-
verts a set of polar coordinates (magnitude r, angle #) into
rectangular coordinates (x, y). § must be entered first, then r. Upon

executing , x will be displayed first; press [x % y| to display y.

ya o
Y|y 6
X| x r

~-[#R

Keystrokes Display

[g)[DEG] Set to Degrees mode (no
annunciator).

5 5.0000 y-value.

10 10 x-value.

(g] »P] 11.1803 r.

26.5651 8; rectangular coordinates
converted fo polar coordi-
nates.

30 30.0000 9.

12 12 r.

(f][*R] 10.3923 x-value.

6.0000 y-value. Polar coordinates

converted to rectangular
coordinates.



Section 3
The Automatic Memory Stack,
LAST X, and Data Storage

The Automatic Memory Stack
and Stack Manipulation

HP operating logic is based on a mathematical logic known as
“Polish Notation,” developed by the noted Polish logician Jan
Y.ukasiewicz ( Wookashye'veech) (1878-1956). Conventional alge-
braic notation places the algebraic operators between the relevant
numbers or variables when evaluating algebraic expressions.
F.ukasiewicz’s notation specifies the operators before the variables.
For optimal efficiency of calculator use, HP applied the convention
of specifying (entering) the operators after specifying (entering) the
variable(s). Hence the term “Reverse Polish Notation” (RPN).

The HP-15C uses RPN to solve complicated calculations in a
straightforward manner, without parentheses or punctuation. It
does so by automatically retaining and returning intermediate
results. This system is implemented through the automatic
memory stack and the key, minimizing total keystrokes.

The Automatic
Memory Stack Registers

T | 0.0000
Z | 0.0000
Y | 0.0000
X | 0.0000 | Always displayed.

When the HP-15C is in Run mode (no PRGM annunciator
displayed), the number that appears in the display is the number in
the X-register.

32



I I Y S S ERTL P IS P A R TN e G
Any number that is keyed in or results from the execution of &
numeric function is placed into the display (X-register). This action
will cause numbers already in the stack to lift, remain in the same
register, or drop, depending upon both the immediately preceding
and the current operation. Numbers in the stack are stored on a
last-in, first-out basis. The three stacks drawn below illustrate the
three types of stack movement. Assume x, v, z, and { represent any
numbers which may be in the stack.

Stack Lift No Stack Lift or Drop
o lOSt
o o Pl ; T[]
rad
2| 2 "/ y Z z | ]
Y 14 i X Y y e v y
f"/;?
x X “ :ir'-'h T x X - i~ \/;
Keys: (g][]
Stack Drop
T t T: t
Z | 2 t
Y [y I 2
X X B N Xty
Keys:

Notice the number in the T-register remains there when the stack
drops, allowing this number to be used repetitively as an
arithmetic constant.

Stack Manipulation Functions

(ENTER]. Pressing separates two numbers keyed in one after
the other. It does so by lifting the stack and copying the number in
the display (X-register) into the Y-register. The next number
entered then writes over the value in the X-register; there is no
stack lift. The example below shows what happens as the stack is



YA

filled with the numbers 1, 2, 3, 4. (The shading indicates that the
contents of that register will be written over when the next number
i8 keyed in or recalled.)

@ lost 4 lost  lost
T ! | P z < y e y * X
z Z w y - ; 4 [T T8 X hf 1
..-._%,,
Y 14 o X (#" 1 P 5
N I e B e ] 2 | e 2
Keys: 1 -—ENTEFI 2
lost
T X W 1 ;
z 1 Rl aid 1 v 2 2
X 2 w e 3 ~ e 3 . - 4
Keys: 3 .

(roll down), [R%](roll up), and [x%y](X exchange Y).
and roll the contents of the stack registers up or down one
register (one value moves between the X- and the T-register). No
values are lost. [xxy] exchanges the numbers in the X- and Y-
registers. If the stack were loaded with the sequence 1, 2, 3, 4, the

following shifts would result from pressing (R¥],[R#], and [x%y].

C, -t
Z|2 |- 1] el 2| ]2
e : |
Y| 3 ! 2 | 3 = | 4
b .—'; _ .
X 4 d 3 . 4 %, 3

Keys: (g)[R4] [(xxy]



The LAST X Register and

The LAST X register, a separate memory register, preserves the
value that was last in the display before execution of a numeric
operation * Pressing (g] (LAST X) places a copy of the
contents of the LAST X register into the display (X-register). For
example:

lost
4
g
Tl et |7 o 2
Z | z [z |77 Ly
Y y - S y I/ﬁ:- 16
X 4 | 16 |7 p 4
Keys: ried @
LAST X: B R ' e I

The feature saves you from having to re-enter numbers you
want to use again (as shown under Arithmetic Calculations With
Constants, page 39). It can also assist you 1n error recovery, such
as executing the wrong function or keying in the wrong number.

For example, suppose you mistakenly entered the wrong divisor in
a chain calculation:

Keystrokes Display

287 287.0000

12.9[¢] 22.2481 Oops! The wrong divisor.
(a)(LSTx] 12.9000 Retrieves from LAST X

the last entry to the X-
register (the incorrect

divisor) before (] was

executed.

* Unless that operation was [x], (5], or [LR.], which don’t use or preserve the value in the
display (X-register), but instead calculate from data in the statistics storage registers
(Ry to Rq). For a complete list of uperations which save x in LAST X, refer to appendix
B.
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Keystrokes Display

[x] 287.0000 Reverses the function that
produced the wrong
answer.

13.9 (%] 20.6475 The correct answer.

Calculator Functions and the Stack

When you want to key in two numbers, one after the other, you
press between entries of the numbers. However, when you
want to key in a number immediately following any function
(including manipulations like (R#]), you do not need to use )
Why? Executing most HP-15C functions has this additional effect:

¢ The automatic memory stack is lift-enabled; that is, the stack
will lift automatically when the next number is keyed or
recalled into the display.
¢ Digit entry is terminated, so the next number starts a new
entry.
lost

N

4 |—» 2

1
R
7/

Keys:

There are four functions—[ENTER], [CLx], [E*], and [Z-]—that
disable stack lift.* They do not provide for the lifting of the stack
when the next number is keyed in or recalled. Following the
execution of one of these functions, a new number will simply write
over the currently displayed number instead of causing the stack to
lift. (Although the stack lifts when is pressed, it will not lift
when the next number is keyed in or recalled. The operation of

* [«]will also disable the stack lift if digit entry is terminated, making (4] clear the entire
display like [CLx). Otherwise, it is neutral. For a further discussion of the stack, refer to

appendix B.
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illustrated on page 34 shows how thus disables the

stack.) In most cases, the above effects will come so naturally that
you won’t even think about them.

7 (—> 0o i" °

Keys: [g](CLx] 6
Order of Entry and the Key

An important aspect of two-number functions is the positioning of
the numbers in the stack. To execute an arithmetic function, the
numbers should be positioned in the stack in the same way that
you would vertically position them on paper. For example:

;
'y
-2

98 98 98 08
—15 115 X15 15

As you can see, the first (or top) number would be in the Y-register,
while the second (or bottom) number would be in the X-register.
When the mathematics operation is performed, the stack drops,
leaving the result in the X-register. Here is how a subtraction
operation is executed in the calculator:

/ lost / lost
t z -~
; z / y / : — : '<: :
Y y / x / 98 |—™ | 98 \ x
X X 4 98 4 98 I" 15 ]\ 83
Keys: 98 15 (-]

The same number positioning would be used to add 15 to 98,
multiply 98 by 15, or divide 98 by 15.



Nested Calculations

The automatic stack lift and stack drop make it possible to do
nested calculations without using parentheses or storing inter-
mediate results. A nested calculation is solved simply as a series of
one- and two-number operations.

Almost every nested calculation you are likely to encounter can be
done using just the four stack registers. It is usually wisest to begin
the calculation at the innermost number or pair of parentheses and
work outward (as you would for a manual calculation). Otherwise,
you may need to place an intermediate result into a storage
register. For example, consider the calculation of

3[4+5(6+7)]

Keystrokes Display

6 [ENTER] 7 13.0000 Intermediate result of
(6 + 7).

5 [x] 65.0000 Intermediate result of
56+ 7).

4 69.0000 Intermediate result of
[4+5(6+T7]

3 207.0000 Final result:
3[4+5(6+ 7]

The following sequence illustrates the stack manipulation in this
example. The stack automatically drops after each two-number
calculation, and then lifts when a new number is keyed in. (For
simplicity, throughout the rest of this handbook we will not show
arrows between the stacks.)

T| ¢ z y y ¥
Z z Y X X 1 4
Y y X 6 6 X
X x 6 6 7 13

Keys: 6 [ENTER 7



T | v y y y
Z y X y x
Y | «x 13 X 66
X 13 5 65 4
Keys: 5 [x] 4
T v y y y
Z | x y X ¥
Y | 65 X | 69 X
X 4 69 3 207
Keys: 3 (x]

Arithmetic Calculations With Constants

There are three ways (without using a storage register) to
manipulate the memory stack to perform repeated calculations
with a constant:

1. Usethe LAST X register.

2. Load the stack with a constant and operate upon different
numbers. (Clear the X-register every time you want to
change the number operated upon.)

3. Load the stack with a constant and operate upon an
accumulating number. (Do not change the number in the
X-register.)

LAST X. Use your constant in the X-register (that is, enter it
second) so that it always will be saved in the LAST X register.

Pressing [g] will retrieve the constant and place it into the
X-register (the display). This can be done repeatedly.



Example: Two close stellar neighbors
of Farth are Rigel Centaurus (4.3
light-years away} and Sirius (8.7
light-years away). Use the speed of
light, ¢ (3.0 x 10° meters/second, or
9.5 X 10'® meters/year), to figure the
distances to these stars 1n meters.
(The stack diagrams show only one
decimal place.)

T t z y y
Z z y X X
Y y x 4.3 4.3
X X 4.3 4.3 9.5 15
Keys: 4.3 9.5 [EEX]15
LAST X: / / / /
T y y y X
y 4 X y x 4.1 16
Y| 43 X 41 16 8.7
X |9.5 156 4.1 16 8.7 9.5 15
Keys: [x] 8.7 (g](LSTx]
LAST X: / 9.5 15 9.5 15 9.5 15
T X X
Z|a1 16 x
Y 8.7 4.1 16 < (Rige! Ce?ataurus is
4.1 x 10'° meters away.)
X 9.5 15 8.3 16| (Siriusis8.3X10'°
Keys: B meters away.}
LASTX: |9.6 15 9.5 15
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Loading the Stack with a Constant. Because the number in the
T-register is replicated when the stack drops, this number can be
used as a constant in arithmetic operations.

T ¢ ¢ | -e———— New constant
generation.
y 4 ¢ ¢
Y c ¢ |-————Dropstointeract
with X-register.
X | x cx
Keys: [x]

Fill the stack with a constant by keying it into the display and
pressing three times. Key in your initial argument and
perform the arithmetic operation. The stack will drop, a copy of the
constant will “fall” into the Y-register, and a new copy of the
constant will be generated in the T-register.

If the variables change (as in the preceding example), be sure and
clear the display before entering the new variable. This disables
the stack so that the arithmetic result will be written over and only
the constant will occupy the rest of the stack.

If you do not have different arguments, that is, the operation will
be performed upon a cumulative number, then do not clear the
display—simply repeat the arithmetic operation.

Example: A bacteriologist tests a
certain strain of microorganisms
whose population typically increases
by 15% each day (a growth factor of
1.15). If she starts with a sample
culture of 1009, what will be the
bacteria population at the end of
each day for four consecutive days?

Keystrokes Display

1.15 1.15 Growth factor.
{ENTER][ENTER]

1.1500 Filling the stack.

1000 1.000 Initial culture size.



Keystrokes Display

(x] 1,150.0000 Population at the end of
day 1.

(x] 1,322.5000 Day 2.

] 1,620.8750  Day 3.

[x] 1.749.0063 Day 4.

Storage Register Operations

When numbers are stored or recalled, they are copied between the
display (X-register) and the data storage registers. At “power-up”
(initial turn-on or Continuous Memory reset) the HP-15C has 21
directly accessible storage registers: R, through Rg, R, through R 4,
and the Index register (R|) (see the diagram of the registers on the
inside back cover). Six registers, R, to R, are also used for
statistics calculations.

The number of available data storage registers can be increased or
decreased. The function, which is used to reallocate registers
in calculator memory, is discussed in appendix C, Memory
Allocation. The lowest-numbered registers are the last to be
deallocated from data storage, therefore it is wisest to store data in
the lowest-numbered registers available.

Storing and Recalling Numbers

(STO_ (store). When followed by a storage register address (0
through 9 or .0 through .9%), this function copies a number from the
display (X-register) into the specified data storage register. It will
replace any existing caontents of that register.

(recall). Similarly, you can recall data from a particular
register into the display by pressing [RCL] followed by the register
address. This brings a copy of the desired data into the display: the
contents of the storage register remain unaltered.

(X exchange). Followed by 0 through .9,* this function
exchanges the contents of the X-register and the addressed data
storage register. This is useful to view storage registers without
disturbing the stack.

« All storage register operations can also be performed with the Index register (using [
or [11]), which is covered in section 10, and with matrices, section 12,



The above are stack lift-enabling operations, so the number
remaining in the X-register can be used for subsequent calcula-
tions. If you address a nonexistent register, the display will show
Error 3.

Example: Springtime is coming and you want to keep track of 24
crocuses planted in your garden. Store the number of crocuses
blooming the first day, and add to this the number of new blooms
the second day.

Keystrokes Display
3 0 3.0000 Stores the number of first-

day blooms in R,,

Turn the calculator off. Next day, turn it back on again.

[RCL]O 3.0000 Recalls the number of cro-
cuses that bloomed
yesterday.

5 8.0000 Adds today’s new bloams
to get the total blooming
crocuses.

Clearing Data Storage Registers

Pressing [f] CLEAR (clear registers) clears the contents of all
data storage registers to zero. (It does not affect the stack or the
LAST X register.) To clear a single data storage register, store zero
in that register. Resetting Continuous Memory clears all registers
and the stack.

Storage and Recall Arithmetic

Storage Arithmetic. Suppose you not only wanted to store a
number, but perform arithmetic with it and store the result in the
same register. You can do this directly—without using [RCL]—by
using the following procedure:

1. Have your second aperand (besides the one in storage) in the
display (as the result of a calculation, a recall, or keying in).

2. Press[STO].



3. Press[+],{=],(x], or(z].

4. Key in the register address (0 to 9, .0 to .9). (The Index
register, discussed in section 10, can also be used.)

The new number in the register 1s determined as follows:

For storage arithmetic,

+
new contents _ old contents . — number in
of register of register X - display
Ro | - T | ¢ Ry | 7 T| ¢
Z z 2 z
Y| v Y| v
x X x X
Keys: [-]0

Recall Arithmetic. Recall arithmetic allows you to perform
arithmetic with the displayed value and a stored value without
lifting the stack, that is, without losing any values from the Y-, Z-,
and T-registers. The keystroke sequence is the same as for storage

arithmetic using [RCL]in place of [STO].

For recall arithmetic,

4
new display = old display >_< COrI:;ISlfsrof
Ro | ” T Ro | - T| ¢
Z| 2 z |,
Y| vy Y|,
X | * X [ s

Keys: [RcLj(-]0



Example: Keep a running count of your newly blooming crocuses

for two more days.

Keystrokes Display
8 (S10]0 8.0000
4[570)(+]0 4.0000
3[sT10](*+]0O 3.0000
24 [RCL][-]O 9.0000
[RcL)O 15.0000

Overflow and Underflow

Places the total number of
blooms as of day 2 in R,

Day 3: adds four new
blooms to those already
blooming.

Day 4: adds three new
blooms.

Subtracts total number of
blooms summed in Rq (15)
from the total number of
plants (24): 9 crocuses
have nat bloomed.

(The number in R, does
not change.)

If an attempted storage ar recall arithmetic cperation would result
in overflow in a data storage register, the value in the affected
register will be replaced with £9.999999999 X 10%? and the display
will blink. To stop the blinking (clear the overflow condition), press

[«]or [ON]or [g][CF]9.

In case of underflow, the value in the register will be replaced with
zero (no display blinking). Overflow and underflow are discussed

further on page 61.

Problems

1. Calculate the value of x in the following equation.

x:

/8_.33 (4— 5.2) + [i8.33 — 7.46)0.32)

Vo 4.3(3.15—-2.75) - (1.71)(2.01)

Answer: 4.5728.

A possible keystroke solution is:

4 5.2 [-] 8.33 [x] (g} 7.46 [-] 0.32 [x] [£] 3.15
(ENTER)2.75 (=] 4.3 [x]1.71 [ENTER] 2.01 [x] [-] [#] [&_



Use arithmetic with constants to calculate the remaining
balance of a $1000 loan after six payments of $100 each and
an interest rate of 19 (0.01) per payment period.

Procedure: L.oad the stack with (1 + {), where { = interest rate,
and key in the initial loan balance. Use the following
formula to find the new balance after each payment.

New Balance = ((Old Balance) X (1 +i))— Payment
The first part of the key sequence would be:
1.01 [ENTER}[ENTER][ENTER] 1000

For each payment, execute:

[x1100(-]
Balance after six payments: $446.32.
Store 100 in R;. Then:
1. Divide the contents of R; by 25.
2. Subtract 2 from the contents of R;.
3. Multiply the contents of Rs by 0.75.
4. Add 1.75to the contents of R:,.
5. Recall the contents of R,
Answer: 3.2500.
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A word about the statistics functions: their use is based on an
understanding of memory stack operation {(section 3). You will find
that order of entry is important for most statistics calculations.

Probability Calculations

The input for permutation and combination calculations is
restricted to nonnegative integers. Enter the y-value before the
x-value. These functions, like the arithmetic operators, cause the
stack to drop as the result is placed in the X-register.

Permutations. Pressing [f] calculates the number of possible
different arrangements of y different items taken in quantities of x
items at a time. No item occurs more than cncein an arrangement,
and different orders of the same x items in an arrangement are
counted separately. The formula is

Combinations. Pressing [g] 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 formula is

c, ,=—2

E ol (y —x)!

Examples: How many different arrangements are possible of five
pictures which can be hung on the wall three at a time?

Keystrokes Display

5 3 3 Five (y) pictures put up
three (x) at a time.

60.0000 Sixty different arrange-

ments possible.
47
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How many different four-card hands can be dealt from a deck of 52
cards?

Keystrokes Display

52 4 4 Fifty-two (y) cards dealt
four (x) at a time.

(g)(Cy.x) 270.725.0000 Number of different

hands possible.

The execution times for these functions may last several seconds,
depending on the magnitude of the x and y inputs. The display will
show running during this time. The maximum size of x or y 1s
9,999,999,999.

Random Number Generator

Pressing [{] (random number) will generate a random
number (part of a uniformly distributed pseudo-random number
sequence) intherange 0 <<r<<1.*

At initial power-up (including reset of Continuous Memory), the
HP-15C random number generator will use zero as a “seed” to
initiate a random number sequence. Any time you generate a
random number, that number becomes the seed for the next
random number. You can initiate a different random number
sequence by storing a new seed for the random number generator.
(Repetition of a random number seed will produce repetition of the
random number sequence.)

[STO][f][RAN#] will store the X-register number (0 < r <1) as a new
seed for the random number generator. (A value for r outside this
range will be converted to fit within the range.)

[RCL)[f][RAN#] will recall to the display the current random number
seed.

* Passes the spectral test (D. Knuth, Serminumerical Algorithins, vol. 2, 1969).




Keystrokes Display

5764 0.5764 Stores 0.5764 as random
STO][f][RAN#] 0.5764 number seed. (The [f] key-

stroke may be omitted.)

0.3422 Random number sequence

0.2809 initiated by the above
seed.

< 0.0000

[RCL][t][RAN#] 0.2809 Recalls last random num-

ber generated, which is
the new seed. (The[f] may
be omitted.)

Accumulating Statistics

The HP-15C performs one- and two-variable statistical calcula-
tions. The data is first entered into the Y- and X-registers. Then the
function automatically calculates and stores statistics of the
data in storage registers R; through R, These registers are
therefore referred to as the statistics registers.

Before beginning to accumulate statistics for a new set of data,
press [fJCLEAR [£]to clear the statistics registers and stack. (If you
have reallocated registers in memory and any of the statistics
registers no longer exist, Error 3 will be displayed when you try to
use CLEAR [Z], [Z+], or [£=]). Appendix C explains how to reallocate
memory.)

In one-variable statistical calculations, enter each data point (x-
value) by keying in x and then press [Z+].

In two-variable statistical calculations, enter each data pair (the x-
and y-values) as follows:

Key y into the display first.

2. Press [ENTER]. The displayed y-value is copied into the
Y-register.

3. Key x into the display.

4. Press [Z+]. The current number of accumulated data points,
n, will be displayed. The x-value is saved in the LAST X
register and y remains in the Y-register. disables stack
lift, so the stack will not lift when the next number is keyed
in.
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In some cases involving x or y data values that differ by a
relatively small amount, the calculator cannot compute s, r, linear
regression, or y, and will display Error 2. This will not happen,
however, if you normalize the data by keying in only the difference
between each value and the mean or approximate mean of the
values. This difference must be added back to the calculations of x,
y, and the y-intercept ([L.R.}). For example, if your x-values were
665999, 666000, and 666001, you should enter the data as —1, 0, and
1; then add 666000 back to the relevant results.

The statistics of the data are compiled as follows:

' Register | " Contents ]
" "R, |n Number of data points accumulated (n also |
E 5 appears in the X-register). |

R 3. Summation of x-values. ‘
' R4 Sx? Summation of squares of x -values. i

Rs 2y Summation of y-values. ﬁ
Reg ; Sy? Summation of squares of y-values. :
: R+ ‘ Xy Summation of products of x- and y -values. g

i
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You can recall any of the accumulated statistics to the display
(X-register) by pressing and the number of the data storage
register containing the desired statistic. If you press [RCL][2+], Zx
and 3y will be copied simultaneously from R; and R;, respectively,
intc the X-register and the Y-register, respectively. (The sequence
lifts the stack twice if stack lift is enabled, once if not, and
then enables stack lift.)

Example: Agronomist Silas Farmer
has developed a new variety of high-
yield rice, and has measured the
plant’s yield rate as a function of
fertilization. Use the function to
accumulate the data below to find the
values for Xx, Ix?2 Sy, Iy2 and Zxy
for nitrogen fertilizer application (x)
versus grain yield {y).




I NITROGEN APPLIED |

| GRAIN YIELD o
Y a(metrlctons per | 4.63
'hectare) v ‘ ‘

H
H

. A hectare equals 2 47 acres.

Keystrokes Display
fJCLEAR [E] 0.0000
(J[Fix]2 0.00
4.63 4.63
0[Z+] 1.00
4.78 4.78
20[Z+) 2.00
6.61 6.61

40 [T+] 3.00

7.21 7.21

60 [Z+] 4.00
7.78 7.78
80[=+) 5.00
[RCU3 200.00
[RCL]4 12,000.00
(RCL]5 31.01
(RCL] 6 200.49
[RCL) 7 1,415.00

‘(kg per hectare*) X fooo £ 20.00 : 40 00 60 00 , 80 00
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Clears statistical storage
registers (R, through R,
and the stack).

Limits display to two
decimal places, like the
data.

First data point.
Second data point.
Third data point.
Fourth data point.

Fifth data point.

Sum of x-values, Xx (kg of
nitrogen).

Sum of squares of x -
values, 3x2.

Sum of y-values, Xy (grain
yield).

Sum of squares of y-
values, Zy2.

Sum of products of x- and
y-values, Zxy.



Correcting Accumulated Statistics

If you discover that you have entered data incorrectly, the
accumulated statistics can be easily corrected. Even if only one
value of an (x,y) data pair is incorrect, you must delete and re-enter
both values.

I.
2.
3.
4.

Key the incorrect data pair into the Y- and X-registers.
Press (g](E-]to delete the incorrect data.

Key in the correct values for x and y.

Press [Z+].

Alternatively, if the incorrect data point or pair is the most recent
one entered and [E+] has been pressed, you can press [g](LSTx](g](Z-]
to remove the incorrect data.*

Example: After keying in the preceding data, Farmer realizes he
misread a smeared figure in his lab book. The second y-value
should have been 5.78 instead of 4.78. Correct the data input.

Keystrokes Display

4.78 4.78 Keys in the data pair we

20 [g][=-] 4.00 want to replace and
deletes the accompanying
statistics. The n-value
drops to four.

5.78 5.78 Keys in and accumulates
the replacement data pair.

20 5.00 The n-valueis back to five.

We will use these statistics in the rest of the examples in this
section.

* Vote that these methods of data deletion will not delete any rounding errors that may
have been generated in the staristics registers. This difference will not be serious unless
+he erroneous pair has a magnitude that is enormous compared with the correct pair; in
auch a case, it would be wise to start over!



Mean

The (%] function computes the arithmetic mean (average) of the
x-and y-values using the formulas shown in appendix A and the
statistics accumulated in the relevant registers. When you press
(g)(2], the contents of the stack lift (two registers if stack lift is
enabled, one if not); the mean of x (x) is copied into the X-register
as the mean of y (¥) is copied simultaneously into the Y-register.

Press (x % y]to view y.

Example: From the corrected statistics data we have already
entered and accumulated, calculate the average fertilizer applica-
tion, X, and average grain yield ¥, for the entire range.

Keystrokes Display

(¢)(%] 40.00 Average kg of nitrogen, %,
for all cases.

(x%y] 6.40 Average tons of rice, y, for
all cases.

Standard Deviation

Pressing(g][s] computes the standard deviation of the accumulated
statistics data. The formulas used to campute s,, the standard
deviation of the accumulated x-values, and §,, the standard
deviation of the accumulated y-values, are given in append1x A.

This function gives an estimate of the pepulatior. standard
deviation from the sample data, and is therefore termed the sample
standard deviation.* When you press [g_[s], the contenis of the
stack registers are lifted (twice if stack lift is enabled, cnce if not);

s, 1s placed into the X-register and s, 1s placed into ‘he Y-register.
Press [xXy|to view s

* When your data constitutes not just a sample of a population but as! of rhy population,
the standard deviation of the data is the true population staniard dewiat.om 1denoted o).
The formula for the true populaticn standard deviatior differs by a fzctor «:f vin—1)/n
from the formula used for the[s] function. The differenve between the vzlues is small for
large n, and far most applications can be ignared. But if you want tova culate the exact
value of the population standard deviation for an en:ire populafion., you ran easily do
so: simply add, using [Z+], the mean (x) of the data ta the data before pressing (g][s].
The result will be the population standard deviation. {1 xou subsequantly rovrect any of
vour accumulated data values, remember to delete the first mean zalve and add the
corrected one.)
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Example: Calculate the standard deviation about the mean
calculated above.

Keystrokes Display

(g][s] 31.62 Standard deviation about
the mean nitrogen
application, x.

[xxy] 1.24 Standard deviation about
the mean grain yield, y.

Linear Regression

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, will calculate the slope, A, and y-intercept, B, of
the linear equation:

y=Ax+ B

1. Accumulate the statistics of your data using the key.

2. Press [f][LR.). The y-intercept, B, appears in the display
(X-register). The slope, A, is copied simultaneously into the
Y-register.

3. Press [xxy)to view A. (As is the case with the functions (%]
and [s}, causes the stack to lift two registers if it’s
enabled, one if not.)

T | ¢ y y

Z z X

Y Y A slope B y-intercept

X X B y-intercept A | slope
Keys: [(f){LR] (xxy]

The slope and y-intercept of the least squares line of the
accumulated data are calculated using the equations shown in
appendix A.
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Example: Find the y-intercept and slope of the linear approxima-
tion of the data and compare to the plotted data on the graph
below,

Grain Yield
(metric tons/hectare)
850+
‘."4"""{- L
7.50 1+ i
. /""i
6.50 + ‘/f
ERY
A0
Ea
5.60+ s
;I’-h‘l_
Bl
450 L | % : .
O 20 40 60 80
Nitrogen Application (kg/hectare}
Keystrokes Drisplay
4.86 y-intercept of the line.
[x%y] 0.04 Slope of the line.

Linear Estimation and Correlation Coefficient

When you press the linear estimate, y, is placed in the
X-register and the correlation coefficient, r, is placed in the
Y-register. To display r, press{xxy].
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Linear Estimation. With the statistics accumulated, an esti-
mated value for y, denoted y, can be calculated by keying in a
proposed value for x and pressing [f](5.r].

An Estimated value for x (denoted x) can be calculated as
follows:

1. Press [f]J[LR.].

2. Key in the known y-value.

3. Press [xzy)[-]xzxy)(].

Correlation Coefficient. Both linear regression and linear
estimation presume that the relationship between the x and y data
values can be approximated by a linear function. The correlation
coefficient, r, is a determination of how closely your data fit a
straight line. The range is — 1 < r < 1, with — 1 representing a
perfectly negative correlation and + 1 representing a perfectly
positive correlaticn.

Note that if you do not key in a value for x before executing [f][5.r],
the number previously in the X-register will be used (usually
vielding a meaningless value for ¥).

Example: What if 70 kg of nitrogen fertilizer were applied to the
rice field? Predict the grain vield based on Farmer's accumulated
statistics. Because the correlation coefficient is automatically
included in the calculation, you can view how closely the data fit a

straight line by pressing after the y prediction appears in the
display.

y
12 +
8-“- /X"’oéf
. - {709
— -
P
4 1 } ~= X




Keystrokes Display

70 [f](3.r] 7.56 Predicted grain yield in
tons/hectare.

[xxy] 0.99 The original data closely
approximates a straight
line,

Other Applications

Interpolation. Linear interpolation of tabular values, such as in
thermodynamics and statistics tables, can be carried out very
simply on the HP-15C by using the function. This is because
linear interpolation is linear estimation: two consecutive tabular
values are assumed to form two points on a line, and the unknown
intermediate value is assumed to fall on that same line.

Vector Arithmetic. The statistical accumulation functions
can be used to perform vector addition and subtraction. Polar
vector coordinates must be converted to rectangular coordinates
upon entry (8, [ENTER], r [#R], [Z+]). The results are recalled
from Ry (Zx) and Ry (Zy) (using (RCL){Z+]) and converted back
to polar coordinates, if necessary. Remember that for polar co-
ordinates the angle is between —180° and 180° (or —7 and =
radians, or —200 and 200 grads). To convert to a positive angle,
add 360 (or 2= or 400) to the angle.

For the second vector entered, the final keystroke will be either

or [£-], depending on whether the two vectors should be added or
subtracted.
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Display Control

The HP-15C has three display formats—[FIX], [SCi], and [ENG]|—
that use a given number (0 through 9) to specify display format.
The illustration below shows how the number 123,456 would be
displayed specified to four places in each possible mode.

4 - 123,456.0000
[f)(5c1] 4 : 1.2346 05
[(i(ENG]4 : 123.46 03

Owing to Continuous Memory, any change you make in the
display format will be preserved until Continuous Memory is reset.

The current display format takes effect when digit entry is
terminated; until then, all digits you key in (up to 10) are displayed.

Fixed Decimal Display

(fixed decimal) format displays a figure with the number of
decimal places you specify (up to nine, depending on the size of the
integer portion.) Exponents will be displayed if the number is too
small or too large for the display. At “power-up,” the HP-15C 1s in

4 format. The key sequence is [f][FIX] n.

Keystrokes Display

123.4567895 123.4567895

[f] 4 123.4568

[fJ(FIX] 6 123.466790  Display is rounded to six
decimal places. {Ten
places are stored
internally.)

[f][FiX] 4 123.4568 Usual [FIX] 4 display.

Scientific Notation Display

(scientific) format displays a number in scientific notation.
The sequence [ n specifies the number of decimal places to be
shown. Up to six decimal places can be shown since the exponent

58



display takes three spaces. The display will be rounded to the
specified number of decimal places; however, if you specify more
decimal places than the six places the display can hold (that is,
7, 8, or 9), rounding will occur in the undisplayed seventh,
eighth, or ninth decimal place.*

With the previous number still in the display:

Keystrokes Display

(f)(sci]6 1.234568 02 Roundsto and shows six
decimal places.

8 1.234567 02 Rounds to eight decimal
places, but displays only
gix.

Engineering Notation Disptay

(engineering) format displays numbers in an engineering
notation format in a manner similar to [Sci), except:

* In engineering notation, the first significant digit is always
present in the display. The number you key in after
specifies the number of additional digits to which you want to

round the display.
» Engineering notation shows all exponents in multiples of
three.
Keystrokes Display
012345 0.012345
[(f'fENG]1 12. -03 Rounds ta the first digit
after the leading digit.
3 12.35 -03
10(x] 123.5 -03 Decimal shifts to main-
tain multiple of three in
exponent.
[FI[FIX] 4 0.1235 Usual [FIX]4 format.

* Therefore, the display shows no distirctian among 7,8, and 9 uniess the number
rounded up is a 9, which carries a : over into the next higher decimal place.



Mantissa Display

Regardless of the display format, the HP-15C always internally
holds each number as a 10-digit mantissa and a two-digit exponent

of 10. For example, = is always represented internally as
3.141592654 X 100 regardless of what is in the display.

When you want to view the full 10-digit mantissa of a number in
the X-register, press [f]CLEAR [PREFIX]. To keep the mantissa in the
display, hold the key down.

Keystrokes Display

Q7] 3.1416
[fICLEAR

{hold) 3141592654

Round-Off Error

As mentioned earlier, the HP-15C holds every value to 10 digits
internally. It also rounds the final result of every calculation to the
10th digit. Because the calculator can provide only a finite
approximation for numbers such as  or 2/3 (0.666...), a small error
due to rounding can occur. This error can be increased in lengthy
calculations, but usually is insignificant. To accurately assess this
effect for a given calculation requires numerical analysis beyond
our scope and space here! Refer to the HP-15C Advanced Functions
Handbook for a more detailed discussion.

Special Displays

Annunciators

The HP-15C display contains eight annunciators that indicate the
status of the calculator for various operations. The meaning and
use of these annunciators is discussed on the following pages:

*

Low-power indication, page 62.

USER User mode, pages 72 and 144.

fandg Prefixes for alternate functions, pages 18-19.
RAD and GRAD Trigonometric modes, page Z6.

C Complex mode, page 121,

PRGM Program mode, page 66.



Digit Separators

The HP-15C is set at power-up so that it separates integral and
fractional portions of a number with a period (a decimal point), and
separates groups of three digits in the integer portion with a
comma. You can reverse this setting to conform to the numerical
convention used in many countries. To do so, turn off the
calculator. Press and hold [ON], press and hold [-], release [ON],
then release [-] ([ON]/[]). (Repeating this sequence will set the
calculator to the previous display convention.)

Keystrokes Display
12345.67 12,345.67
(ON]/ ] 12.345,6700
[oN]/ [ 12.345.6700

Error Display

If you attempt an improper operation—such as division by zero—
an error message (Error followed by a digit) will appear in the
display. For a complete listing of error messages and their causes,
refer to appendix A.

To clear the Error display and restore the calculator to its prior
condition, press any key. You can then resume normal operation.

Overflow and Underflow

Overflow. When the result of a calculation in any register is a
number with a magnitude greater than 9.999999999 x 109,
+ 9.999999999 X 10%° is placed in the affected register and the
overflow flag, flag 9, is set.* Flag 9 causes the display to blink.
When overflow occurs in a running program, execution continues
until completion of the program, and then the display blinks.

The blinking can be stopped and flag 9 cleared by pressing [*],
[ON], or [g][CF]9.

Underflow. If the result of a calculation in any register is a
number with a magnitude less than 1.000000000 X 10~%, that

number will be replaced by zero. Underflow does not have any
other effect.

* Recall that the display does not include the last three digits of the mantissa.
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Low-Power Indication

When a flashing asterisk, which
indicates low battery power, appears
in the lower left-hand side of the
display, there is no reason to panic.
You still have plenty of calculator
time remaining: at least 10 minutes if
you continuously run programs, and
at least an hour if you do calculations
manually. Refer to appendix F (page
259) for information on replacing the
batteries.

0.0000

Continuous Memory

Status

The Continuous Memory feature of the HP-15C retains the
following in the calculator, even when the display is turned off:

« All numeric data stored in the calculator.

» All programs stored in the calculator.

¢ Position of the calculator in program memory.

+« Display mode and setting.

« Trigonometric mode (Degrees, Radians, or Grads).
s Any pending subroutine returns.

« Flag settings (except flag 9, which clears when the display 1s
manually turned off).

s User mode setting.
+ Complex mode setting.

When the HP-15C is turned on, it always “wakes up” in Run mode.

If the calculator is turned off Continuous Memory will be
preserved for a short period while the batteries are removed. Data
and programs are preserved longer than other aspects of calculator
status. Refer to appendix F for instructions on changing batteries.
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Resetting Continuous Memory

If at any time you want to reset (entirely clear) the HP-15C
Continuous Memory:

1. Turn the calculator off.
2. Press and hold the key, then press and hold the [-] key.
3. Release the key, then the [-] key. (This convention is
represented as [ON]/[=].)
When Continuous Memary is reset, Pr Error (power error) will be
displayed. Press any key to clear the display.

Note Continuous Memory can inadvertently be interrupted
and reset if the calculator is dropped or otherwise
traumatized.









Section 6

Programming Basics

The next five sections are dedicated to explaining aspects of
programming the HP-15C. Each of these programming sections
will first discuss basic techniques (The Mechanics), then give
examples for the implementation of these techniques (Kxamples),
and lastly discuss finer points of operation in greater detail
(Further Information). Read only as far as you need to support your
use of the HP-15C.

The Mechanics

Creating a Program

Programming the HP-15C is an easy matter, based simply on
recording the keystroke sequence used when calculating manually.
(This is called “keystroke programming”.) To create a program out
of a series of calculation steps requires two extra manipulations:
deciding where and how to enter your data; and loading and
storing the program. In addition, programs can be instructed to
make decisions and perform iterations through conditional and
unconditional branching.

As we step through the fundamentals of programming, we’ll
rework the falling object program illustrated in the Problem Solver
(page 14).

Loading a Program

Program Mode. Press [g][P/R](program/run) to set the calculator
to Program mode (PRGM annunciator on). Functions are stored
and not executed when keys are pressed in Program mode.

Keystrokes Display

(g](P/R] 000- Switches to Program
mode; PRGM annunciator
and line number (000}
displayed.

66
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Location in Program Memory. Program memory-—and there-
fore the calculator’s position in program memory-—is demarcated
by line numbers. Line 000 marks the beginning of program
memory and cannot be used to store an instruction. The first line
that contains an instruction is line 001. Program lines other than
000 do not exist until instructions are written for them.

You can start a program at any existent line (designated nnn), but
it is simplest and safest to start an independent program (as
opposed to a subroutine) at the beginning of program memory. As
you write, any existing program lines will be preserved and
“bumped” down in program memory.

Press 000 (in Program or Run mode) to move to line 000
without recording the statement. In Run mode, [f] CLEAR
will also reset the calculator to line 000—without clearing
program memory.

Alternatively, you can clear program memory, which will erase all
programs in memory and position you to line 000. To do so, press [f]
CLEAR [PRGM]in Program mode.

Program Begin. A [abel instruction— [f][LBL] followed by a letter
([A]through (E]) or number (0 through 9 or .0 through .9)—is used to
define the beginning of a program or routine. The use of labels
allows you to quickly select and run one particular program or
routine out of several.

Keystrokes Display

CLEAR 000- Clears program memory
and sets to line 000 (start
of program memory).

[A][LBL][A° 001-42,21,11

Recording a Program. Any key pressed—operator or constant—
will be recorded in memory as a programmed instruction.*

* Kxcept the nonprogrammable funetions, which are listed on page 80.



68 Section 6. Programming Basics

Keystrokes Display

2 002- 2

[ 003- 20

9 04- 9 _ _

] gOS- a8 Given A in the X-register,
8 006- 8 lines 002 to 008 calculate
(=] 007- 10 2h

Program End. There are three possible endings for a program:

o [g] {return) will end a program, return to line 000, and
halt.

. will stop a program without moving to line 000.
e The end of program memory contains an automatic [RTN].

Keystrokes Display
[g]{RTN] 009- 43 32 Optionalifthisis thelast

program in memory.

Intermediate Program Stops

Use (pause) as a program instruction to momentarily stop a
program and display an intermediate result. (Use more than one

for a longer pause.)

Usea (run/stop) instruction to stop the program indefinitely.
The program will remain positioned at that line. You can resume

program execution (from that line) by pressing during Run
mode, that is, from the keyboard.

Running a Pragram

Run Mode. Switch back to Run mode when you are done

programming: [g][P/R]. Program execution must take place in Run
mode.
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Keystrokes Display
(g][P/R] Run mode; no PRGM

annunciator displayed.
(The display will depend
on any previous result.)

The position in program memory does not change when modes are
switched. Should the calculator be shut off, it always “wakes up” in
Run mode.

Executing a Program. In Run mode, press [f] letter label or
digit (or letter) label. This addresses a program and starts its
execution. The display will flash running.

Keystrokes Display

300.51 300.51 Key a value for 4 into the
X-register.

(1] 7.8313 The result of executing pro-

gram “A”. (The number of
seconds it takes an object
dropped from 300.51
meters high to hit the
ground.)

Restarting a Program. Press to continue execution of a
program that was stopped with a instruction.

User Mode. User mode is an optional condition to save keystrokes
when executing letter-named programs. Pressing will
interchange the [f]-shifted and primary functions of the [A]through
(E] keys. You can then execute a program using just one keystroke

(skipping the [f]or ).

How to Enter Data

Every program must take into account how and when data will be
supplied. This can be done in Run mode before running the
program or during an interruption in the program.

1. Prior entry. If a variable value will be used in the first line
of the program, enter it into the X-register before starting the
program. If it will be used later, you can store it (with [STO])
into a storage register, and recall it (with a programmed
[RCL]) within the program.
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This is the method used above, where h was placed in the
X-register before running the program. No instruc-
tion is necessary because program execution (here: [f] [A])
both terminates digit entry and enables the stack lift. The
above program then multiplied the contents of the X-register
(h) by 2.

The presence of the stack even makes it possible to load more
than one variable prior to running a program. Keeping in
mind how the stack moves with subsequent calculations and
how the stack can be manipulated (as with [x%y]), it is
possible to write a program to use variables which have been
keyed into the X-, Y-, Z-, and T-registers.

Direct entry. Enter the data as needed as the program
runs. Write a (run/stap) instruction into the program
where needed so the program will stop execution. Enter your
data, then press to restart the program.

Do not key variable data into the program itself. Any values that
will vary should be entered anew with each program execution.

Program Memaory

At power-up (Continuous Memory reset), the HP-15C offers 322
bytes of program memory and 21 storage registers. Most program
steps (instructions) use one byte, but some use two. The distribution
of memory capacity can be altered, as explained in appendix C.
The maximum attainable program memory is 448 bytes (with the
permanent storage registers—R|, R;, and R,—remaining); maxi-
mum number of storage registers is 67 (with no program memory).

Example

Mother’s Kitchen, a canning com-

pany, wants to package a ready-to-
eat spaghetti mix containing three
different cylindrical cans: one of spa-
ghetti sauce, one of grated cheese,
and one of meatballs. Mother’s needs
to calculate the base areas, total
surface areas, and volumes of the
three different cans. It would also
like to know, per package, the total
base area, surface area, and volume.
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The program to calculate this information uses these formulas and
data:

base area = ar?.

volume = base area X height = rr2h.
surface area = 2 base areas + side area = 27r2 + 2nrh.

g e T TR . . e i e

Y,

. Radius, r k Height, h | Base Area Volume Surface Area
R T R R TR TR PR ,..-.?_4 L S B e T P
25cm , 80cm | ? | ? ! ?
. 40 1 105 ; ; ? | ?
45 4.0 ! % ? ?
TOTALS | A ?
Method:

1. Enter an r value into the calculator and save it for other
calculations. Calculate the base area (xr2), stare it for later
use, and add the base area to a register which will hold the
sum of all base areas.

2. Enter h and calculate the volume (7r? h). Add it to a register
to hold the sum of all volumes.

3. Recall r. Divide the volume by r and multiply by 2 to yield
the side area. Recall the base area, multiply by 2, and add to
the side area to yvield the surface area. Sum the surface areas
in a register.

Do not enter the actual data while writing the program—just
provide for their entry. These values will vary and so will be
entered before and/or during each program run.

Key in the following program to solve the above problem. The
display shows line numbers and keycodes (the row and column
location of a key), which will be explained under Further
Information.

Keystrokes Display

000~ Sets calculator to Pro-
gram mode (PRGM dis-
played).

CLEAR 000- Clears program memory.

Starts at line 000.



Keystrokes

[510]0

()™

(g){~]
(]

(sT0)4
(STO][+]1

R/S

x]
[f]{PSE]
[sTO](+]2

[RCL]O

Display
001-42.21.,11
002- 44 O
003- 4311
004- 43 26
005- 20
006- 44 4
007-44,40, 1
008- 31
009- 20
010~ 42 31
011-44,40, 2
012- 45 O
013- 10
014- 2
015~ 20
016- 45 4
017- 2
018- 20

Assigns this program the
label “A”.

Stores the contents of
X-register into Rj. r must
be in the X-register before
running the program.

Squares the contents of
the X-register (which will
be r).

mr?, the BASE AREA of a
can.

Stores the BASE AREA in
R,.

Keeps a sum of all BASE
AREASinR,.

Stops to display BASE
AREA and allow entry of
the 2 value.

Multiplies 2 by the BASE
AREA, giving VOLUME.

Pauses briefly to display
VOLUME.

Keeps a sum of all can
VOLUMES in R,

Recallsr.

Divides VOLUME by r.

2nrh,the SIDE AREA of

acan.

Recallsthe BASE AREA
of the can.

Multiplies base area by
two (for top and bottom).



Keystrokes

[STO](+]3
(](RTN]

Display
a19- 40

020-44,40, 3

021- 4332

Now, let’s run the program:

Keystrokes

[o)(B/R]
(f]CLEAR

2.5

{or: (GSB][A])

R/S

R/S

10.5
R/S

R/S

Display

2.5
19.6350

8

1567.0796
164.9336

4
50.2655

10.5

527.7876
364.4247

4.5
63.6173

SIDE AREA + BASE
AREA =SURFACE
AREA.

Keeps a sum of all
SURFACE AREAS in R,.

Ends the pregram and
returns program memory
to line 000.

Sets calculator to Run
mode. (PRGM cleared.)

Clears all storage
registers. The display does
not change.

Enter r of the first can.

Starts program A. BASE
AREA of first can.
(running flashes during
execution.)

Enter A of first can. Then
restart program.

VOLUME of first can.
SURFACE AREA of first

can.

Enter r of the second can.

BASE AREA of second
can.
Enter & of second can.

VOLUME of second can.
SURFACE AREA of
second can.

Enter r of the third can.
BASE AREA of third can.
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Keystrokes Display
4 4 Enter h of third can.
R/S 254.4690 VOLUME of third can.
240.3318 SURFACE AREA of third

can.

i 133.86177 Sum of BASE AREAS.

2 939.3362 Sum of VOLUMES.

[RCL]3 769.6902 Sum of SURFACE
AREAS.

The preceding program illustrates the basic techniques of
programming. It also shows how data can be manipulated in
Program and Run modes by entering, storing, and recalling data
(input and output) using [ENTER], [STO], [RCL], storage register
arithmetic, and programmed stops.

Further Information

Program Instructions

Each digit, decimal point, and function key is considered an
instruction and is stored in one line of program memory. An
instruction may include prefixes (such as[f], [8T0], (GTO], and [LBL})
and still occupy only one line. Most instructions require one byte of
program memory; however, some require two. For a complete list of
two-byte instructions, refer to appendix C.

Instruction Coding

Each key on the HP-15C keyboard—except for the digit keys 0
through 9—is identified in Program mode by a two-digit “keyccde”
that corresponds to the key’s position on the keyboard.

Instruction Code
[STO){*]1 006-44,40, 1 Sixth program line.
XXX-42, 5,25 [DSE]is just“5".

The first digit of a keycode refers to the row (1 to 4 from top to
bottom), and the second digit refers to the column (1, 2, ... 9, 0 from
left to right). Exception: the keycode for a digit key is simply that
digit.
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Memory Configuration

Understanding memory configuration is not essential to your use
of the HP-15C. It is essential, however, for obtaining maximum
efficiency in memory and programming use. The more you
program, the more useful this knowledge will be. Memory
configuration and allocation is thoroughly explained in appendix
C, Memory Allocation.

Should you ever get an Error 10, vou have run up against
limitations of the HP-15C memory. If yvou learn how to reallacate

memory, you can greatly increase your ability to store information
in the HP-15C.

The HP-15C memory consists of 67 registers (Ry to Rg5 and the
Index register) divided between data storage and programming/
advanced function capability. The initial configuration is:

46 registers for both programming and the advanced
functions ([SOLVE], (%], the imaginary stack, and
functions). At seven bytes of memory per register, this is worth
322 program bytes if no memory is dedicated to advanced
functions.

21 registers for data storage (Ryto Ry, R yta R g, and the Index
register).
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Initial Memory Configuration
STORAGE REGISTERS: R;,RgtoRg ~ COMMON

REGISTERS:
Permanent (available for
Registers programming)
R
0 Ro 322 program
R bytes
! R, available (if
no MmMemory
R2 R, used for
advanced
R; R, functions)
R R
Statistics 4 R4 20
Regist
egisters R R Ry
Re R Re3 |
Ry R Rea
Rg Rs Rgs
Rg R

sl M ovable Boundary
Allocatable Registers (shaded)

Memory is reallocated by telling the calculator which data storage
register shall be the highest data register; all other registers are left
for programming and advanced functions.

Keystrokes Display

60 [{)[oM][1D)]* 60.0000 Rg, and below allocated to
data storage; five (R4, to
R65) remain for
programming.

* The optional omission of the (1) keystroke cfter another prefix key is explained on page
78, Abbreviated Key Sequences.
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Keystrokes Display

1 1.0000 R, and Ry allocated for
data storage; Ry to Ry
available for
programming and
advanced functions.

19 {#)[DM]((i)] 19.0000 Original allocation: Ry
(R o) and below for data
storage; Ry, to Rgs for
programming and
advanced functions.*

BIYH 19.0000 Displays the current

highest data register.

The and [MEM] (memory status) functions are described in
detail in appendix C.

Keep in mind that an error message will result (given the above
memory configuration) if
1. You try to address a register higher than R, (Rg), which
initially is the highest register allocated to data storage
{Error 3).

2. You have 322 occupied program bytes and try to load more
program lines (Error 4).

3. You try to run an advanced function with insufficient
available memory (Error 10).

Program Boundaries

End. Not every program needs to end with a or
instruction. If you are at the end of occupied program memory,
there is an eutomatic instruction, so you do not need to enter
one. This can save you one line of memory. On the other hand, a
program can “end” by simply transferring execution to another

routine using (section 7).

Labels. Labels in a program (ar subroutine) are markers telling
the calculator where to begin execution. Follawing an [f] label or
label instruction, the calculator will search downward in

* For memory allocation and indirect addressing, registers R ythrough R g are referred to
as Ry through R;g.
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program memory for the corresponding label. If need be, the search
will wrap around at the end of program memory and continue at
line 000. When it encounters an appropriate label, the search stops
and execution begins.

If a label is encountered as part of a running program, it has no
effect, that is, execution simply continues. Therefore, you can label
a subordinate routine within a program (more on subroutines in
section 9).

Since the calculator searches in only one direction from its present
position, it is possible (though not advisable) to use duplicate
program labels. Execution will begin at the first appropriately
labeled line encountered.

000- "“fv
If an [fj[A] entry starts the search for a ? f

“A” here, s e < re g e e e R

it then proceeds downward through | [1](LBL]3 ;o
memory, wraps around to line 000, - ;
and stops at label "“‘A”. Execution N ;

then starts and continues (ignoring | [R/S . (stop)
any other labels) until a halt ?é
instruction. end of memory |~

Unexpected Program Stops

Pressing Any Key. Pressing any key will halt program
execution. It will not halt in the middle of an operation. This
instruction will be completed before the program stops.

Error Stops. Program execution is immediately halted when the
calculator attempts an improper operation that results in an Error
display.

To see the line number and keycode of the error-causing instruction
(the line at which the program stopped), press any one key to
remove the Error message, then switch to Program mode.

If the display is flashing when a program stops, an overflow

condition exists (page 61). Press {+], [ON], or (g] 9 to stop the
blinking.

Abbreviated Key Sequences

In certain cases, an ] prefix you might expect to include 1n a key
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sequence is not needed. The rule for using an abbreviated key

sequence is: the [f] prefix key is unnecessary after any other prefix
key. (Page 19 contains a list of prefix keys.)

For example, becomes [f][LBL}[A], (f)[DIM][f)({i}] becomes
(f].0IM]((@)], and [STO){F](RANK] becomes [STO)[RAN#]. The removal of
the [f!is not ambiguous because the [f]-shifted function is the only
logical one in these cases. The keycodes for such instructions do
not include the extraneous [f] even if you do key it in.

User Mode

User mode is a convenience to save keystrokes when addressing
(calling up) programs for execution. Pressing will
exchange the primary functions and [f]-shifted functions of the
through [E] keys only. In User mode (USER annunciator displayed):

[{shift —w. e A B C D E
Primary ... . [&] ]
[glshift ... . .. x% LN LOG % A%

Press [f]|[USER] again to deactivate User mode.,

Polynomial Expressions and Horner’s Method

Some expressions, such as polynomials, use the same variable
several times for their solution. For example, the expression

f(x)=Ax*+Bx3+ Cx2+Dx+ E

uses the variable x four different times. A program to solve such an
equation could repeatedly recall a stored copy of x from a storage
register. A shorter programming method, however, wauld be to use
a stack which has been filled with the constant (refer to Loading
the Stack with a Constant, page 41).

Horner’s Method is a useful means of rearranging polynomial
expressions to cut calculation steps and calculation time. It is

especially expedient in and (], two rather long-running
functions that use subroutines.

This method involves rewriting a polynomial expression in a
nested fashion to eliminate exponents greater than 1:

Ax*+ B3+ Cx?+ Dx+ E
(Ax3+ Bx2 + Cx +D)x+E



(Ax2+Bx+C)x+D)x+E
((Ax +B)x+C)yx+D)x+ E

Example: Write a program for 5x1+ 2x3as ((bx + 2yx)x)x, then
evaluate for x = 7.

Keystrokes Display

(g](P/R] 000- Assumes position in mem-
ory is line 000. If it is not,
clear program memory.

001-42,21.12

5 002- 5

[x] 003- 20 5x.

2 004- 2

005- 40 5x+2.

[x] 006- 20 (bx+2)x.

(] 007- 20 (5x+2)x2

[x] 008~ 20 (5x+2)x°.

(a][RIN] 009- 4332

[g](P/R Returns to Run mode.
Prior result remains in
display.

7 [ENTER}{ENTER]

7.0000 Loads the stack (X-, Y-, Z-,
and T-registers) with 7.

1e] 12,691.0000

Nonprogrammable Functions

When the calculator is in Program mode, almost every function on
the keybcard can be recorded as an instruction in program
memory. The following functions canrot be stored as instructions
in program memory.

[f]CLEAR [g][BST SST
1JCLEAR (g}[MEM] [«]
(g])[P/R [ON1/[]
GTOJ[CHS nnn [oN]/[-]
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Problems

1.

The village of Sonance has installed a 12-o’clock whistle in
the firehouse steeple. The sound level at the firehouse door,
3.2 meters from the whistle, is 138 decibels. Write a program
to find the sound level at various distances from the whistle.

Use the equation L = L, — 20 log (r/ry), where:

Ly is the known sound level (138 db) at a point near the
source,

rqois the distance of that point from the source (3.2 m),

L is the unknown sound level at a second point, and

r is the distance of the second point from the source in
meters.

What is the sound level at 3 km from the source (r = 3 km)?

A possible keystroke sequence is:

(e] (p/R] [{] (LBL] [€] 3.2 (=] (9] 20 [x] [cHs] 138
[RTN] (9] [P/R] taking 15 program lines and 15 bytes of
memory. This problem can be solved in a more general way
by removing the specific values 3.2 and 138 from the pro-
gram, and instead recalling the L; and r, values from stor-
age registers; or by removing 3.2 and 138 and loading L,, r,
and ry into the stack before execution: L, [ENTER]r[ENTER]r,.

(Answer: for r =3 km, L = 78.5606 db.)

A *“typical” large tomato weighs about 200 grams, of which
about 188 g (94%) are water. A tomato grower is trying to
produce tomatoes of lower percentage water. Write a
program to calculate the percent change in water content of
a given tomato compared to the typical tomato. Use a
programmed stop to enter the water weight of the new
tcmata.

What is the percent change in water content for a 230 g
tomata of which 205 g are water?

A possible keystroke sequence is:

[f(LBL][D] .94 [ENTER] [R/S] (enter water weight of new
tomatc) [ENTER] [R/S] (enter weight of new tomato) []
[g] (g] taking 11 program lines and 11 bytes of

memory,

(Answer: for the 230 g tomata above, the percent change in
percent water weight is —5.1804%.)



Section 7
Program Editing

There are many reasons to modify a program after you've already
stored it: you might want to add or delete an instruction (like [STO],
(PSE), or [R7S)), or you might even find some errors! The HP-15C is
equipped with several editing features to make this process as easy
as possible.

The Mechanics

Making a program modification of any kind involves two steps:
moving to the proper line (the location of the needed change) and
making the deletion(s} and/or insertion(s).

Moving to a Line in Program Memory
The Go To ([GTO]) Instruction. The sequence nnn will

move program memory to line number nnn, whether pressed in
Run mode or Program mode (PRGM displayed). This is not a
programmable sequence; it is for manually finding a specific
position in program memory. The line number must be a three-digit
number satisfying 000 < nnn < 448.

The Single Step ([SST)) Instruction. To move only one line at a
time forward through program memory, press (single step).
This function is not programmable.

In Program mode: will move the memory position forward one
line and display that instruction. The instruction is not executed. If
you hold the key down, the calculator will continuously scroll
through the lines in program memory.

In Run mode: will display the current program line while the
key is held down. When the key is released, the current instruction
is executed, the result displayed, and the calculator steps forward
to the next program line to be executed.

B2
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The Back Step ([BST]) Instruction. To move one line backwards
In program memory, press (back step) in Program or Run
mode. This function is not programmable. will scroll (with the
key held down) in Program mode. Program instructions are not
executed.

Deleting Program Lines

Deletions of program instructions are made with (back arrow)
in Program mode. Move to the line you want to delete, then press
[«]. Any remaining following lines will be renumbered to stay in
sequence.

Pressing [«]in Run mode does not affect program memory, but is
used for display clearing. (Refer to page 21.)

Inserting Program Lines

Additions to a program are made by moving to the line preceding
the point of insertion. Any instruction you key in will be added
following the line currently in the display. To alter an instruction,
first delete it, then add the new version.

Examples

Let’s refer back to the can volume program on page 71 in section 6
and make a few changes in the instructions. (The can program as
listed below is assumed to be in memory starting on line 001.)

Deletions: If we don’t need the summed base area, volume, and

surface area values, we can delete the storage register additions
(lines 007,011, and 020).

Changes: To eliminate the need to stop the program to enter the
height value (%), change the instruction to a [RCL] 1
instruction (because of the above deletions, R, is no longer being
used) and store & in R, before running the program. To clean things

up, let’s also alter 4 (line 008) to 2 and 4 (old line
016) to 2, since we are no longer using R, and Rj.

The editing process is diagrammed on the next page.
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Original Version

——__

006-(STO]4

007-[STO](+]1

008-(R/S]

009-[x]

010-(f){PSE]

011-(ST0](+]2

012-[RCL]O

013-[3]

014-2

015-[x]

016-[(RCL]4

017-2

018-(x]

019-+]

020-(STOJ[*]3

021-(g)(RTN]

V\_

Edited Version

/__\_
006-[570]2 new

—
delete /——> 007-[RCL] 1 new
008-(x]

change

change -l
; » | 009-[F(FSE)
» | 010-[RCL]O

delete 011-[#]
/ » | 012-2
/ » | 013-[x]

014-{RCL]2 new
/ ' 015-2
/ 016-x]
/ 017-(+]
J 018-[g](RTN)
o ——
delete /

]

v

change

YVYVY

Let’s start at the end of the program and work backwards. In this
way, deletions will not change the line numbers of the preceding
lines in the program.

Keystrokes

(g](F/R]

[CHS]020
(or use [SST])

Display
000- Program mode. (Assumes
position is at line 000.)

020-44.,40, 3 Moves position to line 020
(instruction 3.)



Keystrokes

[«]
(g](BST] (hoid)

(¢
(RCL)2

(GTO](cHS]011
(or hold [BST))

[«]
(g](BST] (hold)

[«]
(RCL]1

[o)[BST]
K3

(«]
(sT0]2
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Display
019- 40
016- 45 4
015- 20
016- 45 2
011-44,40, 2
010- 42 31
008- 31
007-44,40, 1
008- 45 1

007-44,40, 1

006- 44 4
005- 20
006- 44 2

Line 020 deleted.

The next line to edit is line
016 ( 4).

Line 016 deleted.

Line 016 changed to

2.

Moves toline 011 {
2).

Line 011 deleted.

Stop! (Single-stepping
backwards to line 008:

)

deleted.

Line 008 changed to

1.

Back-step to line 007.
Line 007 ([STO][+]1)
deleted.

Line 006 ([STO]4) deleted.

Changed to 2.

The replacement of a line proceeds like this:

’\ ’—\
015-[x] —»| 015-[x] ———»| 015-[x]
016-[RCL]4 016-2 | 016-[RCL]2
017-2 __-//___: 017-x] —\—> 017-2
—— ,\T_,,_\

Further Information

Single-Step Operations

Single-Step Program Execution. If you want to check the
contents of a program or the location of an instruction, you can
single step through the program in Program mode. If, on the other
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hand, running the program produces an error, or you suspect that a
portion of the program is faulty, you can check the program by
executing it stepwise. This is done by pressing [SST}in Run mode.

Keystrokes Display
(g)(P/R] Run mode.
[fICLEAR Clear storage registers.
Move to first line of pro-
gramA.
8 1 8.0000 Store a can height.
2.5 2.5 Enter a can radius.
{hold) 001-42.21,11 Keycode for line 001
(label).
(release} 2.5000 Result of executing line
001.
SST 002- 44 0 0.
2.5000 Result.
SST 003- 4311 (gix.
6.2500 Result.
SST 004- 4326 [g)[r].
3.1416 Result.
SST 005~ 20 [x].
19.6350 Result: the base area of
the can.

Wrapping. will not move program position into “unoccupied”
program territory. Instead, the calculator will “wrap around” to
line 000. {In Run mode, will perform any instructions at the
end of program memory, such as [RTN], (GTO], or [GSB].)

Line Position

Recall that the calculator’s position in program memory does not
change when it is shut off or Program/Run modes are changed.
Upon returning to Program mode, the calculator line position will
be where you left it. (If you executed a program ending with [RTN],
the position will be at line 000.) Therefore, if the calculator is left on
and shuts itself off, you need only turn it on and switch to Program
mode (the calculator always “wakes up” in Run mode) to be back
where you were.
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Insertions and Deletions

After an insertion, the display will show the instruction you just
added. After a deletion, the display will show the line prior to the
deleted (now nonexistent) one.

If all space available in memory is occupied, the calculator will not
accept any program instruction insertions and Error 4 will be
displayed.

Initializing Calculator Status

The contents of storage registers and the status of calculator
settings will affect a program if the program uses those registers or
depends on a certain status setting. If the current status is
incorrect for the program being run, you will get incorrect results.
Therefore, it is wise to clear registers and set relevant modes either
just prior to running a program or within the program itself. A
self-initializing program is more mistake-proof—but it also uses
more program lines.

Calculator-initializing functions are: [f] CLEAR [E], (f] CLEAR

[PRGM], [f] CLEAR [REG], [g][DEG), 3] [RAD), [g][GRD], [g)(SF), and (g]
| CF].

Problems

It is good programming technique to avoid using identical program
labels. (This shouldn’t be hard, since the HP-15C provides 25
different labels.) To ensure against duplication of labels, you can
clear program memory first.

1. The following program is used by the manager of a savings
and loan company to compute the future values of savings
accounts according to the formula FV = PV (1 + i)", where
FV is future value, PV is present value, ¢ is the periodic
interest rate, and n is the number of periods. Enter PV first
(into the Y-register) and n second (into the X-register) before
executing the program. Given is an annual interest rate of
7.5% (80 i = 0,.075).
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Keystrokes Display

(f){LBL][:]1 001-42.21, 1

(F]{F1X] 2 002-42, 7. 2

1 003- 1

[ 004~ a8

0 005~ 0 ; Interest.
7 006- 7

5 007- 5

[x2y] 008- 34

] 009- 14 (1+i)™
[x] 010- 20 PV(1+)™
(g](RTN] 011- 4332

Load the program and find the future value of $1,000
invested for 5 years; of $2,300 invested for 4 years. Remember
to use to run a program with a digit label. (Answers:
$1,435.63; $3,071.58.)

Alter the program to make the annual interest rate 8.0%.

Using the edited program, find the future value of $500
invested for 4 vyears; of $2,000 invested for 10 years.
(Answers: $680.24; $4,317.85.)

Create a program to calculate the length of a chord %
subtended by an angle ¢ (in degrees) on a circle of radius r,
according to the equation

s
E=2rsini. \m,
2
0

Find 2 when 8 = 30° and r = 25.

(Answer: 12.9410. A possible program is: [g](DEG]
OEx]4 2 [ [xzy] 2 (] [(x] (a)(RTN]). (Assumes

9 in Y-register and r in X-register when program is run.)
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Make any necessary modifications in the program to also

find and display s, the length of the circular arc cut by 8 (in
radians), according to the equation

s=ra#.

Complete the following table:

7} r | s
45° 50 ' B4
90° 101 ? |7

270° 100 | ? | ?

(Answers: 38.2683 and 39.2699; 141.4214 and 157.0796;
141.4214 and 471.2389. A possible new sequence is:

[[Hed(a] [g](OEG] [f)(Fix]4 (STE]0 2(x] (x%z! (STO]1
2(z] [sIN] [x] [A[PsE] [fI(PSE] [RCL)O (RCL]1 (f)(*RAD]
(] (gl(RTN]).




Section 8
Program Branching
and Controls

Although the instructions in a program are normally executed
sequentially, it is often desirable to transfer execution to a part of
the program other than the next line. Branching in the HP-15C
may be simple, or it may depend on a certain condition. By
branching to a previous line, it is possible to execute part of a
program more than once—a process called looping.

The Mechanics

Branching

The Go To ([GT0]} Instruction. Simple branching—that is,
unconditional branching—is carried out with the inatruction
label. In a running program, will transfer execution to the
next appropriately labeled program or routine (not to a line
number).

— l
015-[G10]7 - ‘
016- |
017- *
018- I
019-(f](LBL]7 4—'
020-

\\_ .

The calculator searches forward in memory, wrapping around
through line 000 if necessary, and resumes execution at the first
line containing the proper label.

Looping. If a instruction specifies a label at a lower-
numbered line (that is, a prior line), the series of instructions

90
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between the and the label will be executed repeatedly—
possibly indefinitely. The continuation of this loop can be
controlled by a conditional branch, an instruction (written
into the loop), or simply by pressing any key during execution
(which stops the program).

——
015-(f)[CBL)7 ) S
016= A
017-
018-
019-[G10]7
020-

T~ |

Conditional Tests

Another way to alter the sequence of program execution is by a
conditional test, a true/false test which compares the number in
the X-register either to zero or to the number in the Y-register. The
HP-15C provides 12 different tests, two explicit on the keyboard
and 10 others accessible using [g](TEST]n.*

1. Direct:[g)[x<y)and [g)[x=0].
2. Indirect: [g){TEST]n.

n| Test | n| Test
0 x#0 |5 x=y
1 x>0 6 xFy
2 x<0 |7 x>y
3 x=20| 8 x<y
4 x<0\}|9 x=y

* Four of the conditional tests can also be used for complex values, as explained in
section 11 on page 132,
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Following a conditional test, program execution follows the “Dao if
True” Rule: it proceeds sequentially if the condition is true, and it
skips one instruction if the condition is false. A instruction is
often placed right after a conditional test, making it a conditional
branch; that is, the branch is executed only if the test

condition is met.

Program Execution After Test

If True If False
—
- = 015-[f][LBL] .1
: 016-
| 017-{g)[x<y] —_—
Lle—Y [o18-@10)1 '
019- - —
L"”'\/

Flags

Another conditional test for programming is a flag test. A flagis a
status indicator that is either set (= true) or clear (= false). Again,
execution follows the “Do if True’” Rule: it proceeds sequentially if
the flag is set, and skips one line if the flag is clear.

The HP-15C has eight user flags, numbered 0 to 7, and two system
flags, numbered 8 (Complex mode) and 9 (overflow condition). The
system flags are discussed later in this section. All flags can be set,
cleared, and testead as follows:

o [g](SF]n will set flag number n (0 to 9).
o [g]{CFln will clear flag number n.
o (g|(F?]n will check if flag n is set.

A flag n. that has been set remains set until it is cleared either by a
[CF)n instruction or by clearing (resetting) Continuous Memory.
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Examples

Example: Branching and Looping

A radiobiology lab wants to predict
the diminishing radioactivity of a
test amount of !3!I, a radioisotope.
Write a program to figure the radio-
activity at 3-day intervals until a
given limit is reached. The formula
for N,, the amount of radioisotope
remaining after ¢ days, is

N, =Ny(2¥%),
where % = 8 days, the half-life of 131, and N is the initial amount.

The following program uses a loop to calculate the number of
millicuries (mci) of isotope theoretically remaining at 3-day
intervals of decay. Included is a conditional test to check the result
and end the program when radioactivity has fallen to a given value
(a limit).

The program assumes t;—the first day of measurement—is stored
in Ry, Ny—the initial amount of isotope—is stored in R;, and the
limit value for radioactivity is stored in R,.

Keystrokes Display

(g] Q00- Program mode.

[fJCLEAR 000~ (Optional.)

(f][L8L]{A] 001-42,21,11 Each loop returns to this
line.

0 002- 45 O Recallscurrentt, which
changes with each loop.

(fJ(PSE] 003- 42 31 Pausestodisplay¢.

8 004 - 8 k.

(] 005- 10

006- 16 —t/k.

2 007- 2

[xxy] 008- 34

*] 009- 14 27Uk
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Keystrokes Display

(RCL](x]1 010-45,20, 1 Recall multiplication with
the contents of R; (Ny),
yielding N,, the mci of 131
remaining after ¢t days.

[1](PSE] 011- 42 31 Pausestodisplay N,.

2 012- 45 2 Recalls limit value to X-
register.

(g] 9 013-43.,30. 9 x=y? Tests whether limit
value (in X) meets or
exceeds N, (in Y).

(g 014- 43 32 Ifso, program ends.

3 015- 3 Ifnot, program continues.

[sT0](*]O 016-44,40, 0 Adds 3daystotinR,.

[GTO][A] 017- 2211 Goto‘“A” and repeat exe-
cution to find a new N,

from anew t.

Notice that without lines 012 to 014, the loop would run indefinitely
(until stopped from the keyvboard).

Let’s run the program, using ¢, = 2 days, Ny = 100 mci, and a limit
value of half of N (50 mci).

Keystrokes Display
[g](P/R] Run mode (display will
vary).
2 0 2.0000 t;.
100 1 100.0000 No.
50 2 50.0000 Limit value for N,.
Al 2.0000 t,.
84.0896 N,
5.0000 to.
64.8420 N..
8.0000 ts.
50.0000 N..

50.0000 N, limit; program ends.
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Example: Flags

Calculations on debts or investments can be calculated in two
ways: for payments made in advance (at the beginning of a given
period) and for payments made in arrears (at the end of a given
period). If you write a program to calculate the value (or “present
value”) of a debt or investment with periodic interest and periodic
payments, you can use a flag as a status indicator to tell the
program whether to assume payments are made in advance or
payvments are made in arrears.

Suppose you are planning the payment of your child’s future
college tuition. You expect the cost to be about $3,000/year or about
$250/month. If you wanted to withdraw the monthly payments
from a bank account yielding 6% per year, compounded monthly
(which equals 0.5% per month), how much must you deposit in the
account at the start of the college years to fund monthly payments
for the next 4 years?

The formula is

1—(+i)™ if payments are to be
V=P - (1+1) made each monthin
L advance,
and the formula is
_ N if payments are to be
V=2>Pr 1-d + £) made each monthin
‘ arrears.

V is the total value of the deposit you must make in the account;

P is the size of the periodic payment you will draw from the
account;

i is the periodic interest rate (here: “periodic” means monthly,
since interest is compounded monthly); and

n is the number of compounding periods (months).

The following program allows for either payment mode. It assumes
that, before the program is run, P is in the Z-register, n is in the
Y -register, and i is in the X-register.
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Keystrokes

(e](F/R]
(al(cFlO

(G0}
[M{LBL](E]

[g](SF]O

[f](CBL]1
(sTO]"
1

E\H

CHS

C

RCL)[£]1

= B gt

[e)(F2]0
(g)(RTN]

[RCL| 1

[+].

(g)(RTN]

Display

000~

001-42,21,12

002-43, 5, 0

003- 22 1
004-42,21.15

005-43, 4, 0
006-42.21, 1
007- 44 1
008- 1
009- 40
010- 34
011- 16
012- 14
013- 16
014- 1
015- 40
016-45.10, 1
017- 20
018-43, 6. O
019- 43 32
020- 45 1
021~ 1
022- 40
023- 20
024- 4332

Program mode.

Start at “B” if payments
to be made at the
beginning.

Flag O clear (false); indi-
cates advance payments.
Go to main routine.

Start at “E” if payments
to be made at the end.

Flag 0 set (true); indicates
payment in arrears.

Routine 1 (main routine).
Stores i (from X-register).

1+ ).
PutsninX;(1+i)inY.
- n.

a4+

-1+ ™

11—+

Recall division with R4 (i)
toget[1—(1+i) "]/
Multiplies quantity by P.
Flag 0 set?

End of calculation if flag 0
set (for payments in
arrears).

Recalls:.

(1+3).
Multiplies quantity by
final term.

End of calculation if flag 0
clear.
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Now run the program to find the total amount needed in an
account from which you want to take $250/month for 48 months.
Enter the periodic interest rate as a decimal fraction, that is, 0.005
per month. First find the sum needed if payments will be made at
the beginning of the month (payments in advance), then calculate
the sum needed if payments will be made at the end of the month
(in arrears).

Keystrokes Display

[g])(P/R] Set to Run mode.

250 250.0000 Monthly payment.

48 48.0000 Payment periods (4 years
X 12 months).

.005 0.005 Monthly interest rate as a
decimal fraction.

[f][B] 10,698.3049  Deposit necessary for pay-
ments to be made in
advance.

(Repeat stack entries.)

[f](E] 10,645.0795 Deposit necessary for pay-
ments to be made in
arrears. (The difference be-
tween this deposit and the
tuition cost ($12,000) repre-
sents interest earned on
the deposit!)

Further Information

GoTo

In contrast to the nonprogrammable sequence nnn, the
programmable sequence label cannot be used to branch to a
line number, but only to a program label (a line containing (f][LBL]
label).* Execution continues from the point of the new label, and
does not return to the original routine unless given another
instruction.

* It is possible to branch under pragram control to a particular line number by using
indirect addressing, diacussed in section 10.
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label can also be used in Run mode (that is, from the
keyboard) to move to a labeled position in program memory. No
execution occurs.

Looping

Looping is an application of branching which uses a
instruction to repeat a portion of the program. A loop can continue
indefinitely, or may be conditional. A loop is frequently used to
repeat a calculation with different variables. At the same time, a
counter, which increments with each loop, may be included to keep
track of loop iterations. This counter can then be checked with a
conditional test to determine when to exit the loop. (This is shown
in the example on page 112.)

Conditional Branching

There are two general applications for conditional branching. One
is to control loops, as explained above. A conditional test can check
for either a certain calculated value or a certain loop count.

The other major use is to test for options and pursue one. For
example, if a salesperson made a variable commission depending
on the amount of sale, you could write a program which takes the
amount of sale, compares it to a test value, and then calculates a
specific commission depending on whether the sale is less than or
greater than the test value.

Tests. A conditional test takes what is in the X-register (“x”’) and
compares it either to zero (such as [x=0]) or to “y”, that is, what is
in the Y-register (such as [x<y]). For an x:y comparison, therefore,
you must have the x- and y-values juxtaposed in the X- and Y-
registers. This might require that you store a test value and then
recall it (bringing it into the X-register). Or, the value might be in
the stack and be maved, as necessary, using [x%y],(R¥], ar[R#].

Tests With Complex Numbers and Matrix Descriptors. Four
of the conditional tests also work with complex numbers and
matrix descriptors: [x=0], (TEST]O (x # 0), 5(x =1y), and

6 (x # y). Refer to sections 11 and 12 for mare information.

Flags

As a conditional test can be used to pick an option by comparing
two numbers in a program, a flag can be used to pick an option
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externally. Usually, a flag is set or cleared first thing in a program
by choosing a different starting point (using different labels)
depending on the condition or mode you want (refer to the example
on page 95).

In this way, a program can accommodate two different modes of
input, such as degrees and radians, and make the correct
calculation for the mode chosen. You set a flag if a conversioh
needs to be made, for instance, and clear it if no conversion is
needed.

Suppose you had an equation requiring temperature input in
degrees Kelvin, although sometimes your data might be in degrees
Celsius. You could use a program with a flag to allow either a
Kelvin or Celsius input. In part, such a program might include:

Start program at “C” for degrees Celsius.

(g](CF)7 Flag 7 cleared (=false).

1

[f)[LeL](D) Start program at “D” for degrees Kelvin.

[q][SF)7 Flag 7 set (=true).

1 (Assuming temperature in X-register.)

(g](F?]7 Checks for flag 7 (checks for Celsius or
Kelvin input).

2 If set (Kelvin input), goes to a later routine,

skipping the next few instructions.

2 If cleared (Celsius input), adds 273 to the

7 value in the X-register, since °K = °C + 273.
3

[f)[LBL] 2 Calculation continues for both modes.

The System Flags: Flags 8 and 9

Flag 8. Setting flag 8 will activate Complex mode {described in
section 11), turning on the C annunciator. If another method is
used to activate Complex mode, flag 8 will automatically be set.
Complex mode is deactivated only by clearing flag 8; flag 8 is
cleared in the same manner as the other flags.
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Flag 9. An overflow condition (described on page 61) auto-
matically sets flag 9. Flag 9 causes the display to blink or, if a
program is running, waits until execution is complete and then
starts blinking the display.

Flag 9 may be cleared in three ways:
® Press(g](CF]9 (the common procedure for clearing flags).

® Press [«]. This will only clear flag 9 and stop the blinking—it
will not clear the display.

® Turn the calculator off. (Flag 9 is not cleared if the calculator
turns itself off.)

If you set flag 9 manually ([SF] 9), it causes the display to blink
irrespective of the overflow status of the calculator. As usual, a
program will run to completion before the display astarts blinking.
Therefore, flag 9 can be used as a programming tool to provide a
visual signal for a selected condition.
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Subroutines

When the same set of instructions needs to be used at mare than
one point in a program, memory space can be conserved by storing
those instructions as a single subroutine.

The Mechanics

Go To Subroutine and Return

The (go to subroutine) instruction is executed in the same
way as the branch, with one major difference: it establishes a
pending return condition. label, like label * transfers
program execution to the line with the corresponding label ([A] to
[E], 0 to 9 or .0 to .9). However, execution then continues until the
first subsequent instruction is encountered—at which point
execution ¢ransfers back to the instruction immediately following
the last instruction, and continues on from there.

Subroutine Execution
[f{LaL](A] ~» [BLl[-]1

/

(GsB)(J1 -/
4—\
Y | GEN N— | @EW Y
END RETURN
Execution transfers to line Q00 Execution transfers back to
and halts. original routine, after (GSB](*]1.

A or instruction followed by a leiter iabel is an abbreviated key sequence (no
necessary). Abbreviated key sequences are explained on page 78.

101
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Subroutine Limits

A subroutine can call up another subroutine, and that subroutine
can call up yet another subroutine. This “subroutine nesting”’—the
execution of a subroutine within a subroutine—is limited to a stack
of subroutines seven levels deep (this does not count the main
program level). The operation of nested subroutines is as shown
below:

Main Program

eLi(A) 8L a2 s o
= A AT A
[Gs8)1 Yy |/ | =ms)/ Yy |/
v e v
l

RTN RN NGE MmN
End
Examples

Example: Write a program to calcu-
late the slope of the secant line
joining points (x;, ¥;) and (x5, yo) on
the graph shown, where y=x2 —
sin x (given x in radians).

The secant slope is:
- 2 _ o — 2 a1
Yo— ¥ or (x9°—8inxg)— (x,°—8in x,)
Xg— Xy Xe— X1

The solution requires that the equation for y be evaluated twice—
once for y; and once for y,, given the data input for x; and x..
Since the same calculation must be made for different values, it
will save program space to call a subroutine to calculate y.

The following program assumes that x; has been entered into the
Y-register and x, into the X-register.
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(a)(P/R]

[f)CLEAR (Not programmable.)

000-

001-(f)(LBL]9 Start main program.

002-[g][RAD] Radians mode.

003- 0 Stores x5 1in R,,.

004~ (x%y] Brings x, into X; x5into Y.

005-50 (x2—‘x1)inR0.

— 006- 3 Transfer to subroutine “.3” with x,.

Return from subroutine “.3”,

007~ ~— —Yi-

008-[x%y] Brings x; into X-register.

009- 3 Transfer to subroutine with x .
Return from subroutine “.3”.

010- -~ Yo— V.

011-[RcL){:]0 Recalls (x5~ x,) from Ry and
calculates (yo — y;)/(x2—x,).

012-[g][RTN] Program end (return to line 000).

SUBROUTINE

013~ [f][LBL].3 Start subroutine .3.

014-g][¥*] x2,

015-[g](LSTx] Recall x.

016-[SIN] Sin x.

017-{-] | x2—sin x, which equals y.

018-[g]J[RTN] * Return to origin in main program.

Calculate the slope for the following values of x; and x5: 0.52, 1.25;
—1, 1; 0.81, 0.98. Remember to use 9 (rather than [f] 9) when
addressing a routine with a digit label.

Answers: 1.1507; —0.8415; 1.1652.

Example: Nesting. The following subroutine, labeled *.4”,
calculates the value of the expression \/x2+ y2 + 22 + 2 ag part of
a larger calculation in a larger program. The subroutine calls upon
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another subroutine {(a nested subroutine), labeled “.5”, to do the
repetitive squaring.

The program is executed after placing the variables ¢, 2z, y, and x
into the T-, Z-, Y-, and X-registers.

Keystrokes
|———> 4 A Start of main
subroutine.

ried xZ,

_ 5 Calculates y? and
x2+ y2,

| [GSB].5 - & Calculates z% and
x2+y2+22,

5 @ Calculates t? and
x2+y2+22+t2.

(¥ - @ Vaxi+yi+z2 412

(g][RTN] End of main subroutine;
returns to main program.

Ly [f][LBL].5 Start of nested
subroutine.

[x%y]

[a](] Calculatea a square and
adds it to current sum of
squares.

(g][RTN] End of nested sub-
routine; returns to main
subroutine.

If you run the subroutine (with its nested subroutine) alone using
x =43, y="179, 2z = 13, and t = 8.0, the answer you get upon
pressing (GSB].4is 12.1074.
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Further Information

The Subroutine Return

The pending return condition means that the instruction
occurring subsequent to a instruction causes a return to the
line following the (GSB] rather than a return to line 000. This is what
makes a subroutine useful and reuseable in different parts of a pro-
gram: it will always return execution to where it branched from,
even as that point changes. The only difference between using a
branch and a branch is the transfer of execution after a
(RTN].

Nested Subroutines

If you attempt to call a subroutine that is nested more than seven
levels deep, the calculator will halt and display Error 5 when it
encounters the instruction at the eighth level.

Note that there 18 no limitation (other than memory size) on the
number of nonnested subroutines or sets of nested subroutines that
you may use.
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The Index Register
and Loop Control

The Index register (R; is a powerful tool in advanced
programming of the HP-15C. In addition to storage and recall of
data the Index register can use an index number to:

e Count and control loops.

e Indirectly address storage registers, including those beyond
R (Ryg).

o Indirectly branch to program line numbers, as well as to
labels.

o Indirectly control the display format.

e Indirectly control flag operations.

The|l]and |(i)|Keys

Direct Versus Indirect Data Storage With the Index Register

The Index register is a data storage register that can be used
directly, with {I), or indirectly, with [{@}.* The difference is
important to note:

(i)

The [I] function uses The (i} function uses the
the number itself in the absolute value of the integer
Index register. portion of the number in the

Index register to address
another data storage register.
This is called indirect
addressing.

s Note that the matrix functions and complex functions use the [T] and [{i] keys also, but
for different purposes. Refer to sections 11 and 12 for their usage.

106
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Indirect Program Control With the Index Register

The (1] key is used for all forms of indirect program control other
than indirect register addressing. Hence, [T] (not [{i})) is used for
indirect program branching, indirect display format control, and
indirect flag control.

Program Loop Control

Program loop counting and control can be carried out in the
HP-15C by any storage register: R through Ry, R through R, or
the Index register ([I]). Loop control can also be carried out
indirectly with [{i)).

The Mechanics

Both [T]and [{i)] can be used in abbreviated key sequences, omitting
the preceding [f] prefix (as explained on page 78).

Index Register Storage and Recall

Direct. @] and (I). Storage and recall between the X-
register and the Index register operate in the same manner as with
other data storage registers (page 42).

Indirect. [STO] (or [RCL)) [(i}] stores into (or recalls from) the data
storage register whose number is addressed by the integer portion
of the value (0 to 65) in the Index register. See the table below and
on the next page.

Indirect Addressing

. . . | (GTO){I]or[GSB)T]will
If Rj contains: ([{i}) will address: transfer to:*
+ 0 Ro o
9 Rg m
10 Ro -7 .0
1 1 R'1 " " ’1
20 Ra0 TN
o For Ry = O only.

(Continued on next page.)
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Indirect Addressing

N | | comer esm@win
If R| contains: ({i)] will address: transfer to:*

21 Ra1

22 R22 tr "

23 R23 ” " @

24 H24 " " El

65 Res —

*ForRp=20only.

Index Register Arithmetic

Direct. [T0] or [Rcd { [*], [2), (x), (£] } (IJ. Storage or recall
arithmetic operates with the Index register in the same manner as
upon other data storage registers (page 43).

Indirect. [ST0] or [RCL] { [*], ), [x], (¥] ] {{}] carries out storage or
recall arithmetic with the contents of the data storage register
addressed by the integer portion of the number (0 to 65) in the
Index register. See the above table.

Exchanging the X-Register

Direct. [fj %) ([) exchanges contents between the X-register and
the Index register. (Works the same as [xx] n does with registers 0
through .9 .)

Indirect. [f)(z%][(i] exchanges contents between the X-register and
the data storage register addressed by the numker (0 to 65) in the
Index register. See the above table.

Indirect Branching With (1]

The [T] key—but not the [(i}] key—can be used for ndirect branching
([GT0)(I)) and subroutine calls ([GSB](T]). (Only the integer portion
of the number in R; is used.) ([(il] is only used for indirect
addressing of storage registers.)
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To Labels. If the R; value is positive, 1] and will

transfer execution to the label which corresponds to the number in
the Index register (see the above table).

For instance, if the Index register contains 20.00500, then a [GTO][T]

instruction will transfer program execution to [A]. See the
chart on page 107.

To Line nmumbers. If the R, value is negative, [GTO][1] causes
branching to that line number (using the absolute value of the in-
teger portion of the value in R;).

For instance, if R; contains —20.00500, then a instruction
will transfer program execution to program line 020.

Indirect Flag Control With [I]

(1], (1], or [1) will set, clear, or test the flag (0 to 9)
specified in Ry (by the magnitude of the integer portion).

Indirect Display Format Control With
[1], (1), and {f][ENG](T] will format the display in their

customary manner (refer to pages 58-59), using the number in R;
(integer part only) for n, which must be from 0 to 9.*

Loop Control With Counters: [ISG]and [DSE]

The[ISG](increment and skip if greater than) and (decrement
and skip if less than or equal to) functions control loop execution
by referencing and altering a loop control number in a given

register. Program execution (skipping a line or net) then depends
on that number.

The key sequence is [f] {[ISG], [DSE]} register number. This number
is0t09,.0to.9, (1], or[[i}].

The Loop Control Number. The format of the loop control

number is:
Tnnnnn is the current counter value,
nnnnn.xxxyy, where XXX is the test (goal) value, and
vy 18 the increment or decrement
value.

* Except when using[](section 14),
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For example, the number 0.05002 in a storage register represents:

nNNNN X X X y Yy
0.05 002

e — Sy
Start count at zero. ——-—-+ T * Count by twos.

Count up to 0.

(sG] and Operation. Each time a program encounters [ISG]
or , it increments or decrements nnnnn (the integer portion of
the loop control number), thereby keeping count of loop iterations.
It compares nnnnn to Xxxx, the prescribed test value, and exits the
loop by skipping the next line if the loop counter (nnnnn) is either
greater than ([iSG]) or less than or equal to ([DSE]) the test value
(xxx). The amount that nnnnn is incremented or decremented is
specified by yy.

With these functions (as opposed to the other conditional tests), the
rule is “Skip if True”.

False (nnnnn < xxx) True (nnnnn > xxx)
instruction l
] [isel™ —
loop L —T [ [GTO)1 \
instruction +— 4 exit loop

For [I5G]: given nnnnn.xxxyy, increment nnnnn to nnnnn + yy,
compare it to xxx, and skip the next program line if the new value
satisfies nnnnn > xxx. This allows you to exit a loop at this point
when nnnnn becomes greater than xxx.
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False (nnnnn > xxx)

True (nnnnn << xxx)

instruction l
A [f1(osE](] ~
loop L — [31 *
instruction *_ J exit loop

For [DSE}: given nnnnn.xxxyy, decrement nnnnn to nnnnn —
Yy, compare it to xxx, and skip the next program line if the new
value satisfies nnnnn < xxx. This allows you to exit a loop at this
point when nnnnn becomes less than or equal to xxx.

For example, loop iterations will alter these control numbers as

follows:
Iterations
Operation 0 1 2 3 4
@] 0.00602 | 2.00602 | 4.00602 | 6.00602 | 8.00602
(skip next
line}
6.00002 | 4.00002 | 2.00002 { 0.00002
{skip next
line)

Examples

Examples: Register Operations
Storing and Recalling
Keystrokes Display

[f] CLEAR [REG]

12.3456 12.3456
12.3456

7 2.6458
[sTol(ti)) 2.6458

M 12.3456

Clears all storage registers.
Stores in R;.
Storage in R 5 by indirect

addressing (R; = 12.3456).
Recalls contents of R;.
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Keystrokes Display

(i) 2.6458 Indirectly recalls contents
Of R.2.

(f[xxz].2 2.6458 Check: same contents re-
called by directly ad-

dressing R o.

Exchanging the X-Register

Keystrokes Display

[f](xx]1) 12.3456 Exchanges contents of R;
and X-register.

2.6458 Present contents of Ry

BIrm, 0.0000 Exchanges contents of R,
(which is zero) with X.

(ReL) (@] 2.6458

[flxx]2 2.6458 Check: directly address
R,.

Storage Register Arithmetic

Keystrokes Display

10[s70](+]){0 10.0000 Adds 10 to R;.

12.6458 New contents of R, (= old
+ 10).

(g)(=isTO])(+]{ti] 3.1416 Divides contents of R 5
by .

[RCL]((i)] 0.8422 New contents of R 5.

[flxx].2 0.8422 Check: directly address
R,.

Example: Loop Control with

Remember the program in section 8 which used a loop to calculate
radioactive decay? (Refer to page 93.) This program used a test
condition (x=y?) to exit the loop when the calculated result passed
a given limit (50). As we’ve seen in this section, there’s another way
to control loop execution: through a stored loop counter that is
monitored by the [ISG]}or [DSE|function.
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Here is a revision of the original radioisotope decay program. This
time, we will limit the program to three executions of the loop
rather than setting a apecific limit value. This example uses
with a loop control numberin Roof 3. 0 0 0 0 1.

initial loop counter-J T L—decrement value

test (goal) value

Make the following changes to the program (assuming it is in
memory). A loop counter will be stored in Ry and a line number in
the Index register.

Keystrokes Display

(a](P/R] 000- Program mode.

013 013-43,30, 9 The second of the two loop
test condition lines.

(¢« 011- 4231 Deletelines 013 and 012.

(1)(DSE]2 012-42, 5, 2 Add your loop counter
function (counter stored in
RQ).

[GTO](T] 013- 2225 Gotogiven line number
(015).

Now when the loop counter (stored in R,) has reached zero, it will
skip line 013 and go on to 014, the instruction, thereby ending
the program. If the loop counter has not yet decreased to zero,
execution continues with line 013. This branches to line 015 and
continues the program and the looping.

To run the program, put ¢, (day 1) in R, N (initial isotope batch) in

R;, the loop counter in Ry, and the line number for branching in the
Index register.

Keystrokes Display

[g] Run mode.

2 0 2.0000 t.

100 [5T0]1 100.0000 No.

3.00001 2 3.0000 Loop counter. (This in-

struction could also be
programmed.)
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Keystrokes Display
15 [CHS][STO)T] -15.0000 Branch line number.
[f){A) 2.0000 Running program: loop
counter = 3.
84.0896
5.0000 Loop counter = 2.
64.8420
8.0000 Loop counter = 1.
50.0000
50.0000 Loop counter = 0; program
ends.

Example: Display Format Control

The following program pauses and displays an example of [FiX]
display format for each possible decimal place. It utilizes a loop
containing a instruction to automatically change the number
of decimal places.

Keystrokes

(al(F/R]

({JCLEAR

(A)(LBLl(E]

9 nnnnn = 9. Therefore, xxx =0 and by
default yy = 1 (yy cannot be zero).

(810](1)

[fi{eLjo

(AEx] 1]

Displays current value of nnnnn.

[f)[osEl[] Value in Ry is decremented and tested. Skip
a line if nnnnn < test value.

0 Continue loop if nnnnn > test value (0).

(g][TEST] 1 Tests whether value in display is greater

0 than 0, so loop will continue when nnnnn
has reached 0 but display still only shows
1.0.

(a](RTN]
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To display fixed point notation for all possible decimal places on
the HP-15C:

Keystrokes Display

[gi[P/R] Run mode.
(f) 9.000000000

8.00000000

7.0000000

6.000000

5.00000

4.0000

3.000

2.00

1.0

0. Display at [f]
instruction.

0. Display when program
halts.

Further Information

Index Register Contents

Any value stored in the Index register can be referenced in three
different ways:

Using [I]like any other storage register. The value in R can be
manipulated as it is: stored, recalled, exchanged, added to, etc.

Using as a control number. The absolute value of the
integer portion in R| is a separate entity from the fractional
portion. For indirect branching, flag control, and display
format control with [I], only this portion is used. For loop
control, the fractional portion is also used, but separately from
the integer portion.*

Using [{i)] as a reference to the contents of another storage
register. The [(i)] key uses the indirect addressing system
shown in the tables on pages 107 and 108. (In turn, the
contents of that second register may be used as a loop control
number, in the fashion described above.)

* This is also true for the value in any storage register used for indirect loop control.
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(15G] and [DSE]

For the purpose of loop control, the integer portion (the counter
value) of the stored control number can be up to five digits long
(nnnnn.xxxyy). The counter value (nnnnn) is zero if not specified
otherwise.

xxx, in the decimal portion of the control number, must be
specified as a three-digit number. (For example, “5” must be “005”.)
xxx is zero if not specified otherwise. Whenever [ISG] or [DSE] is
encountered, nnnnn is compared internally to xxx, which
represents the end level for incrementing or decrementing.

yy must be specified as a two-digit number. yy cannot be zera, so if
left (or specified) as 00, the value for yy defaults to 1. The value
nnnnn is altered by the amount of yy each time the loop runs
through [ISG] or [DSE]. Both yy and xxx are reference values, which
do not change with loop execution.

Indirect Display Control

While you can use the Index register to format the display
manually (that is, from the keyboard), this function is most
commonly used in programming. This capability is especially
valuable for the (5] function, for which accuracy can be stipulated
by specifying the number of digits to be displayed (as described in
section 14).

There are, as usual, certain display limitations to keep in mind.
Recall that any display format function merely alters the number
of decimal places to which the display is rounded. In its memory,
the calculator always retains a number in scientific notation as a
10-digit mantissa with a two-digit exponent.

The integer portion of the number in the Index register specifies the
number of decimal places to which the display is rounded. A
number less than zero defaults to zero (zero decimal places
displayed in format), while a number greater than 9 defaults to
9 (9 decimal places displayed in [FIX]).*

*Note that in and [ENG] format modes, the maximum display is a seven-digit
mantissa with a two-digit exponent. However, a format number greater than six (and
less than or equal to nine) wiil alter the decimal place at which rounding occurs. (Refer
to pages 58-59.)
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An exception is in the case of [5], where the display format number
in Ry may range from —6 to +9. (This is discussed in appendix E on
page 247.) A number less than zero will not affect the display
format, but will affect accuracy with this function.



