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PREREQUTISTITES

The reader is expected to have read and become
familiar with pages 15-107 and 118-167 of the
HP-67 "Ownen's Handbook and Programming Gui,de"+
and to have worked through the examples contained

on those pages.

*
Herein referred to as Ownen's Handbook.






I. INTRODUCTION

Uses of the handheld programmable calculator (HPC)
are rapidly being found in all areas of endeavor. To the
uninformed, the HPC appears to be nothing more than an expensive
toy, but to people involved in problem solving the HPC is an
indispensible tool which can perform routine or tedious analysis
quickly. A major advantage of the HPC is its portability;
it goes where you go and it can be used in any location with
or without an auxiliary power source.

One area of application of the HPC is to provide a
computational aid in solving environmental tracking and
localization algorithms used by search platforms in Anti-
Submarine Warfare (ASW). The Hewlett-Packard HP-67 Handheld
Programmable Calculator has been adopted for this task. With
the adoption of this HPC have come the additional tasks of
(1) providing training in the use of the HPC in the real-time
operational environment using available programs and (2) pro-

viding additional education in the use of the calculator

functions in general and the techniques and methods of design-

ing and constructing programs for the HPC in particular.

The material presented here has been developed from
the author's lecture notes for a short course which has been
presented by the Office of Continuing Education of the Naval

Postgraduate School at the Naval Air Stations at Moffett Field,



California; Brunswick, Maine; and Jacksonville, Florida.

The material has been designed to provide additional education
in the use of the HPC and hopefully to remove the Black-Box
mystique that generally prevails during the initial learning
phases. The material does not address actual programs that

are used in ASW; it is oriented toward the use of the calculator
and the demonstration of techniques that are used in many

of the ASW programs.



II. VECTORS

In ASW applications "vector" inputs are almost always
in polar form: bearing and range, or course and speed.
Almost all tactical problems require that these inputs be
"added" or "subtracted" in order to achieve some end result.
It has been common practice to place these quantities onto
a plotting table so that these "vector" quantities can be
conveniently manipulated.

Although plotting tables are a great aid to "visual-
izing" tactical situations, the use of such graphical aids
can be quite time consuming by modern standards. 1In a real-
time tactical encounter, speed is of the essence; and such
speed is available with properly programmed computers or even
with computational aids such as the HPC.

Vector operations are implemented easily on the HP-67
by using a combination of the Polar/Rectangular functions
and [g][>P]; and the summation functions ,

, and [RCL] . Each of these functions will be
discussed separately and then the functions will be combined

into useful vector operations.



Polar/Rectangular Function Conventions

The polar-to-rectangular [f][R«] and rectangular-
to-polar [>P] functions are discussed on pages 98 through
103 of the HP-67 Ownen's Handbook. The polar diagram on page 99
is commonly used by mathematicains and electrical engineers,
but it is awkward to use for navigation and relation problems.

Throughout this text the following conventions will
be used:

1. North is the direction of the positive x-axis
and East is the direction of the positive y-axis.

2. Bearing angles and courses will be measured from
North at 0° and will become increasingly positive

in the clockwise direction from North.

The HP-67 was designed primarily to be used for mathematical
and scientific applications rather than navigational problems
~and so some care must be used with regard to Item 2. 1In
particular, bearings and courses as calcufated on the HP-67
will be positive and increase in the clockwise direction from
North to +180° only, and will be negative and decrease in the
counterclockwise direction from North to -180°. Fortunately,
this is only a minor inconvenience and is remedied by adding
360° to negative bearings and courses; the result is that
bearings and courses will follow the usual navigational con-
vention of increasing from 0° to +360° as measured in the
clockwise direction from North. These conventions are illus-

trated in Figure 1.
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Input and output information is almost always in the
polar form of bearing and range or course and speed. Unfortu-
nately we cannot manipulate directly with the quantities; they
must first be converted to a rectangular or x,y-coordinate
system. The vector operations of addition and subtraction
are performed in the rectangular system; then the results are

converted to the polar system.

Polar-to-Rectangular Conversion

To convert polar coordinates to rectangular coordinates
in the HP-67 we must first enter the bearing angle in decimal
degrees (if the input is in degrees and minutes, then this
must be converted to decimal degrees using the [f]
function discussed in pages 94 through 96 of the HP-67 Ownexr's
Handbook), and then we enter the range. More explicitly, the
‘angle is placed in the Y-register and the range is placed
in the X-register. The function keys [R«<] are then pressed.
The resulting rectangular x-coordinate is the X-register and

the rectangular y-coordinate is in the Y-register.



EXAMPLE 1. Rectangular Coordinates from Bearing and Range.

A contact is at bearing 075°, and range 20,000 yards
from own ship (Figure 2). What are the rectangular coordinates

of the contact?

Solution:
Press Display Comment
*
075[{] 75.00] Enter the bearing (polar angle)

into the Y-register

20000 [£] 5176.38 The x-coordinate of the target
is 5176.38 yards (North) from
own ship

[h] [x 2 V] [19318.52] Exchange the X- and Y-registers.

The y-coordinate of the target
is 19318.52 yards (East) from
own ship.

—
The symbol is used to designate the function key [ENTER].



North

(x-axis)
5176 .38 F* — — — — — — — gs_ - contact
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FIGURE 2, Rectangular Components of a Contact.
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These exercises illustrate the following points:

1. A positive x-coordinate is North.

2. A negative x-coordinate is South.

3. A positive y-coordinate is East.

4. A negative y-coordinate is West.

5. The range may be in any convenient measure such as yards,
kiloyards, nautical miles, feet, etc.; the x- and y-
coordinates are in the same measure.

6. Course and speed are treated in the HP-67 in exactly the
same way as bearing and range except that the contents of
the X and Y registers denote the x-component and
y-component of velocity.

a. A positive x-component is toward North or faom South.
b. A negative x-component is Awoard South or f§aom North.
c. A positive y-component is ftoward East or from West.

d. A negative y-component is ftoward West or 4from East.

10



Rectangular-to-Polar Conversion

The conversion of rectangular coordinates to polar
coodinates is the {nvease of the conversion of polar
coordinates to rectangular coordinates. To convert rectangular
coordinates to polar coordinates in the HP-67 we must first
enter the y-coordinate and then we enter the x-coordinate.

More explicitly, the y-coordinate or y-component is placed
in the y-register and the x-coordinate or x-component is
placed in the X-register. The function keys [g] are
then pressed. The resulting range or speed is in the

X-register and the bearing or course is in the Y-register.

11



EXAMPLE 2. Bearing and Range from Rectangular Coordinates.

A contact is 6000 yards North and 8000 yards East.

What is the range and bearing of the contact?

Solution:
Press Display Comment
8000 [8000.00] The East/West or y-component
must be entered first. Use
+8000 since the contact is
East.
6000 [g] 10000.00 The North/South or x-component

is placed in the X-register
(+6000 since the contact is
North). The range of 10,000
yards is in the display.

[53.13] Exchange the X- and Y-registers.

The bearing angle of 53°.13
is in the display.

12



EXAMPLE 3. Bearing and Range from Rectangular Coordinates.

A contact is in 10 n.mi

West and 15 n.mi South. What

is the range and bearing of the contact?

Solution:

Press

10 [cHs] [1]

lSICHS}

[g] >2]

360 [+]

Display
-10.00

-15.00

18.03

108 B

13

Comments

The East/West or y-component is
entered first. Use -10 since
the contact is West.

The North/South or x-component
is placed in the X-register.
Use -15 since the contact is
South.

The range of the contact is
14.14 n.mi.

The bearing of the contact is

146°.31 counterclockwise from
North.

Since the bearing angle was
negative, add 360°. The bear-
ing of the contact is 213°.69
clockwise from North. This is
the conventional bearing angle.



EXAMPLE 4.

Course and Speed from Rectangular Coordinates.

A contact is moving at 12 kts toward the North and

15 kts toward the West.

contact?

Solution:

Press

15 [CHS] [4]

12

[e] 21

360 [1]

[5] GE3s)

N

What is the course and speed of the

Comment

The East/West component of
velocity is entered first.
Use =15 since the contact is
moving ftowanrd the West.

The North/South component is
placed in the X-register. Use
+12 since the contact is moving
towanrd the North.

The speed of the contact is
19.21 kts.

The course is negative, so
360° must be added.

The contact's course is 308°.66.
(Note: This 1is decimal
degrees.)

The contact's course is 308°39'
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Summation Function Keys

The summation functions [Z+], [h][E=], and [RCL] [Z+]

are described with the statistical functions on pages 107

through 111 and 116 to 117. We will not be concerned with

the statistical functions mean and standard deviation, but

only with the operation of the three summation functions.

The use of and affects the contents of the

secondary storage registers S4, S5, S6, S7, S8, and S9.

It is important that the effect is recognized when programs

that require the use of the secondary storage registers are

being written. However the operation of only two of these

six registers, S4 and S6, is important for vector operations.
When the key is pressed, the contents of the

x-register are added %o the contents of the S4 storage register

and simultaneously the contents of the Y-register are added %o

the contents of the S6 storage register. It is important

to note that the words "added to" are used; the contents of

the X-register and Y-register are not stored in secondary

registers S4 and S6, respectively, but they are added to the

contents of S4 and S6, respectively. This is why the [I+]

key is referred to as a summation (I 1is the Greek letter

s4gma and is used to denote summation).

16



When the [1=] keys are pressed, the contents of
the X-register are subtracted gfrom the contents of the S4 storage
register and simultaneously the contents of the Y-register
are Aubtracted from the contents of the S6 storage register.

When the keys are pressed, the contents
of the X-register are nepfaced by the contents of the S4 storage
register and simultaneously the contents of the Y-register are
neplaced by the contents of the S6 storage register. The
contents of the S4 and the S6 registers remain unchanged
during this operation.

After the or the keys are pressed,
the contents of the X-register are changed. Whatever number
appears in the display is meaningless for our purposes and
should be ignored.

A rapid method for clearing (setting to zero) the S4

and S6 storage registers is the following keystroke sequence:

Recall the contents of storage
registers S4 and S6 and place

these contents in the X-register
and Y-register, respectively.
The contents of S4 and S6 are
unaltered.

h] =] Subtract the contents of the
X-register from S4 and subtract
the contents of the vY-register
from S6. The result is that
S4 contains 0 and S6 contains
0.

17



EXAMPLE 5. Vector Addition with the ¥+ Function Key.

Let X; = 3 and Y, = 8. Let X, = 4 and Yoy = -5.

Find X3 = X + X, and Y3 = Yy + y, using the summation

function keys. The y-values are to be placed in the Y-register

and the x-values are to be placed in the X-register.

Solution:

Press Display Comment

[RCL] [Z+] Z-] could be This key sequence clears the
anything secondary registers S4 and
S6. If the calculator was
Ignore just turned on, the contents
will be zero, but if a pro-
gram is being used it is
safest to clear these
registers.

Place Yq in the Y-register.

Place xl

8.00
[+ 3 is added to the contents
of S4 (which was zero) and
8 is added to the contents
of S6 (which was zero).

in the X-register.

5| CHS] -5.00 Place Y, in the Y-register.
4 Place x, in the X-register
LI+ ]Ignore] Add 4 to the contents of S4

(which was 3) and add -5 to
the contents of S6 (which
was 8).

18



Press

[RCL] (4]

[A] [x Z ¥]

Display

7.00

[3.00]

19

Comment

The X-register (display)
contains the contents of
S4, which is Xy + X,
=3+ 4 = 7.

Exchange the contents of
the X- and Y-registers.
The display shows what was
in the Y-register, which
are the contents of the S6
register, which Y1 t ¥,
=8 -5 = 3.



Vector Operations

Vector operations are briefly described on pages 118
through 120 of the HP-67 Owner's Handbook. Since vector
operations are of fundamental importance in tactical analyses,

they will be examined at some length here.

20



EXAMPLE 6. Course-Made-Good with Bearing and Distance. Two Legs.

From point 0, a course of 025° is maintained for 30 n.mi
to point A. At point A the course is changed to 160° and
the new course is maintained for 50 n.mi to point C. What
is the course-made-good from point 0 to point C? (See

Figure 3.)

Discussion: The track from point 0 to point A 1is a vector

whose polar components (025°, 30 n.mi) are known. Similarly

the track from point A to point B 1is a vector whose polar

components (160°, 50 n.mi) are known. The components of the

vector OB are the course-made-good and the distance-made-good.
. — —_—

To obtain the vector OB, we need to add the vector AB to

—_—
the vector OA, or

OB = OA + AB .

— .
To perform this vector addition, we need to express OA 1in
—— .

rectangular coordinates. Then we need to express AB 1in

—_—
rectangular coordinates. If we add the x-component of OA
to the x-component of 'Xﬁ, the result is the x-component

- . . —
of OB. Similarly, if we add the y-component of OA to the
—_— . —_—

y-component of AB, the result is the y-component of OB.
Thus the rectangular components of OB will have been obtained.
Finally, if we convert the rectangular components of OB to
polar components, these polar components are the course-made-
good quantities that we want.

21



North

(x-axis) A
)
Y

g
S
n/~
o Y /\?O)
<
—
0
C
oQb
&
~
Q@d
Q\
0
N
B
FIGURE 3. Course-Made-Good with Two Legs
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Solution:

Press Display Comment

[RCL] [Z+] [1] =] Clear secondary registers S4
and S6.

025 [4] 30 [30.] Enter the polar components of
of OA

27.19] Convexrt the polar components
of OA to rectangular
components.

Add the x-component of OA
to S4 and add the y-component
of OA to S6.

160 [1] 50 Enter the polar components
of AB.

[R< -46.98 Convert the polar components
of AB to rectangular
components.

Add the x-component of AB to
the x-component of OA in S4
and add the y-component of AB
to the y-component of OA in
S6. As a result, S4 contains
the x-component of OB and S6
contains the y-component of
)

E+] -19.80 The contents of S4 and S6

recalled to the X-register
and Y-register, respectively.
The -19.80 in the display

is the x-component of OR.

[9] [>P] Convert the rectangular
components of OB to polar
coordinates. The distance
made good is 35.76 n.mi.

x 2y 123.61] Exchange the X- and Y-registers.
The course-made-good is
123°.61.



Vector additions are not limited to just adding one
vector to another. It is possible to find the course-made-

good after any number of course changes. The important rule

to remember is that

VECTOR ADDITION AND VECTOR
SUBTRACTION MUST ALWAYS BE

PERFORMED IN RECTANGULAR

COORDINATES.

24



EXAMPLE 7. Course-Made-Good.

Four Legs.

Find the course-made-good for the following flight

legs (see Figure 4):

oA =
2B =
—_—
BC =
—
and CDh =
Solution:
Press Display
[ReT] (5] (1] =]
26.5[%147[F] [Re] 42.06
224 (1191 [£] [R<] —65.46
[+ ] [ Ignore
105 77 [£] [=19.93]
pra
305 [*163[£] [R<] 6.14

[Ignore]

25

(224 °,
(105 °,

(305 °,

(26°.5, 47 n.mi),

91 n.mi),
77 n.mi),

63 n.mi)

Comment
Clear S4 and S6.

Enter OA and convert
to rectangular.

Accumulate x and vy
components in S4 and S6.

—_—
Enter AB and convert
to rectangular.

Accumulate x and vy
components.

Enter BC and convert
to rectangular.

Accumulate x and vy
components.

Enter CD and convert
to rectangular.

Accumulate x and vy
components.



Press

[g] 2]

[h][x 2 y]
360 [+]

26

Comment

Recall rectangular components
of OD.

Convert to polar. Distance-
made-good is 20.76 n.mi.

Course is negative. And 360°.

Course-made-good is 249° 73 .



North
(x-axis)

East

(y-axis)

FIGURE 4. Course-Made-Good with Four Legs.
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EXAMPLE 8. Course-Made-Good at Each Leg.

Using the data in the previous example, find the

course-made-good at the end of each leg of the flight.

Solution:
Press Display Comment

h] (-] Clear S4 and S6.

26.5[*1]47[f] [R<] Convert OA to rectangular.

1] Accumulate x and vy.

224 [1]91 [f] [R<] Convert AB to rectangular.

[Z+] Accumulate x and Y.

[RCL] Rica_li rectangular components
o OB

[g] [=P] [48.29] Distance-made-good to point B
is 48.29 n.mi.

[-118.98] Course is negative. Add 360°.

360 [+] Course-made-good to point B
is 241°.02.

105[%]77[F] [R<] Convert BC to rectangular.

[Ignore] Accumulate x and vy.

[RCL] (-43.33] Recall components of OC.

[9] [53.94] Distance-made-good to point C
is 53.94 n.mi.

[h] Course-made-good to point C
is 143" .44.

305[+]63[f] 6.14 Convert CD to rectangular.

2

[oe]



=+] [Ignore] Accumulate x and vy.

[RCL] [Z+] (=7.19] Recall components of OD.

[9] [=P] [20.76] Distance-made-good at point D
is 20.76 n.mi.

[x T y] [-110.27] Negative. Add 360°.

360 [+] [249.73] ggugiggm?ge—good at point D

29



This last example illustrates that it is possible to accumulate
and display intermediate results without having to start the
problem over to obtain the results at the end of each leg.
The rectangular coordinates of the previous course-made-good
are contained in secondary registers S4 and S6. This position
can be updated in real time as desired.

The next example will illustrate a slight variation
on the previous problem. Instead of having courses and
distances as direct input we will consider course, ground
speed, and time-on-leg as input data. Since time will be
entered in minutes or hours and minutes, it may be necessary
to review the [g][*H.MS| and [f] functions on pages

94 through 96 of the HP-67 Ownexr's Handbook.

30



EXAMPLE 9. Course-Made-Good with Bearing, Speed, and Time.

Find the course-made-good at the end of the third leg

of the following flight (see Figure 5):

OA : 045° at 200 knots for 13 minutes.
AB . 194° at 170 knots for 26 minutes.
—_—
BC

: 316°.5 at 185 knots for 31 minutes.

Solution:
Press Display Comment
(rRCL] [Z+] (A1 Z=] Clear S4 and S6.

045 [*]200[%]0.13[F] [H] Enter course, speed and
time. Convert time to
decimal hours.

43.3 Multiply time times speed.
At 200 knots for 13 minutes,
43.33 n.mi have been

traveled.

Convert to rectangular
and accumulate x and vy.

194 170[1]0.26 Enter next course, speed
and time. Convert time to
decimal hours.

73.67 Multiple time and speed.
Distance traveled on second
leg is 73.67 n.mi.

[(r<] [Ignore] Convert to rectangular and

accumulate x and vy.



Press

316.5[+]185 %]
0.31[£] [H<]

(£] R<] E+]

[ReL] [2+] [g] [>2]

360 [+]

Display

.52

95.58

Ignore

60.15

-61.72

1IN

298.28

Comment

Enter final course, speed and
time. Convert time to
decimal hours.

Multiply time and speed.
Distance traveled on third
leg is 95.58 n.mi.

Convert to rectangular and
accumulate x and vy.

Recall x and vy components

of OC. Convert to polar.
Distance-made-good is
60.15 n.mi.

Angle is negative. Add 360°.

Course-made-good is 298°.28.

These examples have illustrated several variations of computing

course-made-good using the rectangular/polar functions and the

summation functions to perform vector addition.
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North
(x-axis)

East
(y-axis)

FIGURE 5. Course-Made-Good with Course, Speed and Time.
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The next example illustrates the use of the
rectangular/polar functions and the summation functions to

perform vector subtraction.

EXAMPLE 10. Course and Speed of an Active Sonobuoy Contact.

Using an active sonobuoy, a contact at 213° and
5 n.mi was made at 1420 hours. At 1450 hours the position
of the contact was 290° and 7 n.mi. Assuming that the
contact has not made a course or speed change, what is the

course and speed of the contact?

Discussion: There are several ways in which the solution to

this problem may be structured. For this example we will
take the easiest approach and assume that only the two contact
positions are to be used. If active updating of the contact's
course and speed is required with more than two position
marks then a more sophisticated solution would allow for
real-time updating.

In Figure 6 the target's track is denoted by the
vector AB. The two fixes are denoted by the vectors OA
and OB. In the Course-Made-Good with two legs problem
(Figure 3), we saw that OB = OA + AB. 1In that problem
we knew the components of o0& and AB and from those
components we calculated the components of ©OB. In Figure 6

. . . — —_—
the same vector geometry is valid and so again OB = OA + AB.
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Sonobuoy

FIGURE 6. Course and Speed of an Active Contact.
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However, in this problem we know the components of 53 and
5§, and we wish to calculate the components of AB. We can

rewrite the vector relationship as
AB = OB - OR .

To perform this vector subtraction we will express the vector
OB in rectangular components. From the rectangular components
of OB we will subtract the rectanglar components of OA.

The result will be the rectangular components of AB. When
these components are converted to polar components we will

have the distance traveled by the contact and the course of

the contact. We can then divide the distance that the

contact has traveled by the time difference between the two

fixes to obtain the speed of the contact.

Solution:

Press Display Comment

[RcL] [z+] [h] [Z=] [Ignore] Clear secondary storage

registers S4 and S6

290[+]7 [7.] Enter the bearing and range
at the second contact time.

Convert to rectangular and

accumulate the x5 and y-
components of OB in
S4 and S6, respectively.

213[%]5 Enter the bearing and range
at the {4xnst contact time.
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Press Disglaz Comment

[R<] (2] |Ignore| Convert OA to rectangular
components and subtract the
x-component of OA from_$4
and the y-component of OA
from S6. The x- and y-
components of AB are now in
S4 and S6, respectively.

ljg:l 7.63 Recall the rectangular com-

plements of AB and convert
to polar. The target has
traveled 7.63 n.mi.

14.50 [£] Convert the time of the
second contact to decimal
hours.

14,20 [£] 14,33 Convert the time of the
§4nst contact to decimal
hours.

=] 0.50 The time between the first

and second contacts is

0.5 hours. Note that we

have used all of the
operational stack. Just

prior to the subtraction

the polar angle (which we have
not yet seen) was in the
T-register; the 7.63 n.mi
traveled was in the Z-register;
the 14.83 was in the Y-register;
and the 14.33 was in the
X-register. After the sub-
traction the time between
contacts, 0.5 hours, is in

the X-register and the 7.63
n.mi traveled is in the
Y-register.

] [15.26] This is the contact speed of
15.26 kts; 7.63 n.mi in 0.5 hours
is a speed of 15.26 knots.

-30.33 This is the target course.

Since it is negative, add 360°.

360 [+] 329,67 The target course is 329°.67.
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ITI. PROGRAMMING

As stated in the HP-67 Ownen's Handbook (pg. 124),

"A program is nothing more than a series of
calculator keystrokes that you would press
to solve a problem manually. The calculator
remembers these keystrokes when you key them
in, then executes them in order at the press
of a single key. If you want to execute a
program again and again, you have only to

press the single key each time."

You will be shown how programs can be written to perform the
operations that were done in the section on vector arithmetic.
These programs will be developed and elaborated upon a step
at a time. Occasionally a method will be needed that is not
in the normal sequence of the presentation in the Ownexr's
Handbook if such is the case, then the need will motivate the
use of the method and we shall deviate from the sequence of

instruction.
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Program Memory

The program memory in the HP-67 consists of 224
steps which are numbered 001 to 224, together with a top-
of-memory marker which is displayed as step 000. In any
HP-67 program, each program step will be equivalent to a
complete Ainstruction, where a complete instruction may
consist of one, two, or three individual keystrokes. For
example, the single keystroke CLx is a complete instruc-
tion which means "clear the x-register." The double key-
strokes [STO][3] and [I/x] are each complete instruc-
tions which mean "store the contents of the X-register into
primary storage register 3" and "take the reciprocal of the
contents of the X-register and display the result in the

X-register," respectively. The triple keystroke [+][5]
is a single instruction which means "add the contents of the
X-register to the contents of primary storage register 5."
A complete list of all of the program instructions can be
found in Appendix E of the HP-67 Ownexr's Handbook.

Now, let us examine the HP-67 calculator. Turn the
calculator ON (or if it is already on, turn it OFF and then ON).
Slide the Program Mode Switch to the W/PRGM position. The

calculator is now in the Program Mode. 1In the left-hand

side of the display you will see the three digit program

address, in this case the [000 ] is the top-of-program

marker. Now, perform the following operations.
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Press Display
SST [001 84 |
[002 84]
[001 84]
[224 84 ]
(223 84 ]
SST (224 84 |
SST [001 84 ]
[cTo] [-1 [0go] [000 |

40

Comment

The 001 denotes program
step number 1. The 84

is the keycode (to be dis-
cussed later) for R/S

The button allows
you to Single Step through
the program memory one
program step at a time.
Program step 002 also
shows the 84 keycode.

The instruction
allows you to Backstep
through the program memory.
Program step 001 is in the
display.

We have backstepped past
the top-of-memory to the
last program step 224.

Another backstep leads to
program step 223.

Single step forward.

Single step forward to
program step (often called
Location) 001. What
happened to 0007?

This keystroke sequence has
positioned the program
(Location) pointen to the
top-of-memory.



Press

[cTo] [-] [035]

Display

[035

84 |

[036

33 03]

41

Comment

This keystroke sequence
has placed the program
pointer at program step
035. This shows that it
is possible to GO TO any
desired program step
without having to single
step.

The program pointer

was at location 035. The
keystrokes 3]
comprise a complete
Ainstruction which has been
insented into program
memory at location 036.

The keycode for STO] is
33 and the keycode for [3]
is 03.



Keycodes

The two-digit keycodes are used to identify the
position of the keystrokes that have been used to make a
program step. Note that there are eight rows of keys in the
keyboard and there are either four or five keys in each row.
The first digit of the keycode designates the row number
(the top row is row 1 and the bottom row is row 8) and the
second digit designates the number of the key in the row
(counting with one from the Lef{t side of the keyboard).

For example, 24 designates the second row of keys
and the fourth key in that row; thus 24 is the keycode for
the key which is labeled (i). The keycode denotes the key
position and not the key function. For example, the keycode
24 could denote the function (i), x ¥ I, or RND; the actual
function depends upon the other keycodes that comprise the
complete instruction code. Consider some instructions that
involve the 24 key: 34 24, 35 24, and 31 24; the complete
instructions involved are (1) ], [x T 1], and
[RND], respectively. Each {nstruction is unique, and for
each keycode sequence there is only one possible meaning,
but that meaning must be inferred from the associated key-
codes. This may sound complex, but usually the meaning is

clear. The keycode 35 can designate only the function [h];
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[R] is the blLack prefix key, thus 35 24 designates
plus the function in black on key 24, which is then x T 1].
Similarly, 31 can designate only the gofd prefix key [£], so
that 31 24 designates plus the function in gofd on
key 24, which is then [RND] .
The only exception to this rule is the designation
of the numbens on the numeric key. For example, the keycode
for [4] is 04. Since there is no zero row, the first digit
0 designates a numeric key, and the second digit designates
the numeral on that key. There are four possible instructions

involved in the [4] key:

Keycode Meaning

04 Numeral 4
35 62
31 62

32 62 (o] [sin77]

The numeral 4 is on key 62, but the keycode for the numeral 4
is 04 and not 62. However the other three functions that are
involved with the 62 key carry the 62 designation. To see
this on your calculator, turn the calculator ON (or OFF,

then ON) and place the Program Mode Switch in the W/PGRM

position. Now press the following key sequences:
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Key sequence Display

[4] [001 04]
[002 35 62 ]
(003 31 62]
(9] [sin~T] [004 32 62]

Additional keycode information may be found on
pages 129 and 130 of the HP-67 Ownen's Handbook. The
keycodes for every possible program instruction may be

found in Appendix E of the Ownen's Handbook.
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Program Writing, Recording and Execution

In the section on vector operations there were
several examples and exercises on finding the course-made-
good. In this section we will discuss how to code the basic
course-made-good problem. You will create the program code,
record the code onto a magnetic program card, and then load
the program back into the calculator from the program card.
The basic program will not use any fancy program methods;
we will use the basic program on a few problems to see how
it works and in doing so we will probably find that there
are other features that would be "nice-to-have." We will
then learn how to modify or "edit" the program, make changes
and add new features.

In Examples 6 and 7 we used vector addition to find
a course-made-good for a two-leg flight and a four-leg flight,
respectively. For each leg of the flight there was a common
set of keystrokes that could form the basis for a program.

In Example 8 the additional feature of updating the course-
made-good at the end of each leg of the flight was introduced.
Since this seems to be a desirable feature, we will program
the basic set of keystrokes that were used in Example 8.

The basic keystrokes are

F] ®<] T+ R E+] [9) 3R]
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These are not all of the keystrok<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>