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FOREWORD

This final report describes the work
accomplished by Computer Sciences Corporation
for the Aircraft and Crew Systems Technology

Directorate of the Naval Air Development

s

Center, Warminster, Pennsylvania, in accordance y

with the requirements defined by Task Order 7,
"Escape System Trajectory Simulation and Micro-

processor Control System'" issued under Contract
N62269-78-0191. This work was sponsored by the

Naval Air Systems Command (AIR-340B) under AirTask

A03V-0000/001B/8F41400000 and was monitored by

Mr. Louis D'Aulerio and Mr. John Tyburski of

MADC.
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SOMMVARY

Camputer Sciences Corporation (CSC) Bryn Athyn, P lvania conducted
an effort for the Crew Systems Engineering Division (603), Naval Air
Development Center. The purpose of this effort was to examine and de-
monstrate the feasibility of using a microprocessor based system to
control the functions of a vertical seeking ejection seat.

In November 1977, CSC issued a report containing the results of an initial
study which found the concept to be feasible and recommended further anal-
ysis. To this end, NADC initiated the purchase of the IMSAI PCS 80/30
microprocessor based software development system.

In July 1978, CSC issued a second report containing the results of an
effort which consisted of the following activities:

1. Define the functional requirements of an ejection seat system.

2. Develop software to demonstrate that the INTEL 8085 microprocessor
possesses the capabilities required to perform the desired functions.

3. Examine the reliability and maintainability aspects of the INTEL
8085 to determine whether it meets the requirements defined for

Of these, the primary task was the software develomment. Although the
program had been designed, and much of it coded, complete development was
postponed by delays in the shipment of the IMSAI PCS 80/30. In September,
CSC campleted the development and testing of the program, thus demonstrat-
ing the feasibility of the microprocessor controlled ejection seat concept.

The material presented herein assumes that the reader has some familiarity
with the IMSAI PCS 80/30 and its operating system (IMDOS) .
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1. INTRODUCTION

This document describes the program that was developed and tested to
demonstrate the capability of the INTEL 8085 microprocessor to control
the functions of a vertical seeking ejection seat. The main subroutines
are discussed in same detail, with special emwphasis given to the imple-
mentation of the vertical seeking maneuver, the major function in the
ejection sequence. A listing of the program is included, along with
flow diagrams, a definition of each program variable anc a map of the
area of memory containing the program data buffers and variables.

The microcamputer system purchased for the development of this program
is the IMSAI PCS 80/30, an integrated I/0 terminal based on the INTEL
8085 microprocessor. It includes an intelligent, programmable keyboard
for direct data input, a 5-inch CRT for data output, 3 programmable
memcry-mapped timers for real time control and 32K bytes of Randam Access
Memory for program loading and execution. A single density dual floppy
disk system provides mass storage.

It should be noted that because of its nature as a software development
system, the IMSAI PCS 80/30 lacks the specialized hardware interfaces and
"peripheral devices" that would be found on a true ejection seat system.
Therefore, although the program was written for implementation on this
system, it would have to be modified slightly before being used in a real
system. The program, however was designed and coded in such a way as to
minimize this transition.

S BEE
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2. PROGRAM DESCRIPTION °

The program consist of two parts. The first is a lengthy initialization
process, most of which is necessitated by the fact that the program is
implemented on a software development system as opposed to a real ejection
seat system. The second controls the timing, sequencing and simulated
execution of the ejection functions. The following discussion describes
each part in detail.

2.1 Initialization

The initialization process is accomplished through a series of CALLs to
the subroutines executing the appropriate initialization functions. Each
of these subroutines, its function, and an explanation is given below.

2.1.1 INZRST75: Initialize Timer Interrupt Handler

Each timer interrupt received causes the execution of the instruction
"RST 7.5", which is essentially a "CALL 003C". Thus, code for handling
the interrupt must begin at memory location 3CH; however, the operating
system under which the program is run (IMDOS) will not load cbject code
into any memory location below 100H. If code is required in that area

of memory, it must be loaded by the program itself. This subroutine loads
the object code for the instruction "JMP SEQSRT" (the timer interrupt
handling routine) into memory locations 3CH, 3DH, 3EH.

2.1.2 INZTMRS: Initialize System Timers

Because the system timers have no power-on reset, each is programmed to
count to a short termination (.5 us) and stop. Any timer interrupts that
may be present are cleared.

2.1.3 INZDSP: Initialize Display

The CRT is first initialized by CALLing the INITIALIZATION ENTRY POINT of
the VI0 firmware driver. This accamplishes the following:

1. Clears the screen

2. Positions the cursor in the upper left corner
3. Selects an 80x24 screen format

4. Selects UPPER CASE display mode

S. Activates screen scroll mode

INZDSP then selects the alternmate 40x24 screen format and upper and lower
case display mcde.
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2.1.4 CHOICE: Initialize Test to be Run

The demonstration program can execute the vertical seeking maneuver fram
an initial orientation of a 90° roll or a 180° roll. This subroutine
displays the message shown in Figure 2.1, then waits for the user to make
a selection. Upon receiving a valid input (1 or 2), CHOICE defines the
initial orientation of the seat/occupant system, sets up the 'INITIAL
ORIENTATION' message to be displayed upon campletion of the ejection
sequence, and selects the approproate rate data file.

2.1.4.1 Define Initial Orientation of Seat/Occupant System

The program keeps track of the orientation of the seat/occupant system by
maintaining the direction cosines of the angles fram each of the axes of
the seat/occupant coordinate system to the vertical (see Figure 2.2).
Within the program, the direction consines are maintained in double pre-
cision (16 bit), two's camplement form, according to the following scheme:

Value of Direction Cosine Value in Program
1 4000H
0 0000
~1 CO00H

Thus, D31, D32 and D33, (the memory locations in which the three direction
cosines are stored) are initialized as follows:

Test selected a3l D31 a32 D32 a33 D33
1 90 0000 0 4000H 90 0000
2 90 0000 -90 0000H 0 4000H

2.1.4.2 Set Up 'INITIAL ORIENTATION' Message

After camwpleting the execution of the ejection seat functions, the demon-
stration program displays the initial and final orientation of the seat/
occupant system. CHOICE writes the ASCII code for the decimal equivalent
of the above initial direction cosines into the message to be displayed.

2.1.4.3 Select Appropriate Rate Data File

For each test, there exists a disk file containing the rate data inter-
polating points (see Section 2.1.7). CHOICE initializes the File Control
Block FCBRD1 to access either file RDATAl.DAT or RDATA2.DAT for test 1 or
test 2 respectively.

i e i MU,

Ak
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SELECT DESIRED TEST

1. 90 DEGREE ROLL
2. 180 DEGREE ROLL

Figure 2.1 CRT Display for Test Initialization
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Figure 2.2 Seat/Occupant Coordinate System Definition

~5=

D3l = dir. cos. a3l
D32 = dir. cos a32

D33 = dir. cos. a33

p = rate of rotation
around the X-axis
(roll rate)

g = rate of rotation
around the y-axis
(pitch rate)

r = rate of rotation
around the z-axis
(yaw rate)
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2.1.5 INZDSK: Initialize Disk

All disk I/0 is handled through IMDOS and this requires that a File Control
Block (FCB) be set up for each file to be accessed by the program. This
subroutine initializes the FCB s for each of four files used by the pro-
gram. It then opens each file.

2.1.6 INZVREBLS: Initialize Program Variables

Certain program variables must be either cleared or set to a predefined

initial value. A list of these variables and their initial value is given
in Figure 2.3. For a camplete description of the function of each of these
variables (see Section 4.3). For their location in memory see Section 4.4.

2.1.7 INZRDATA: Initialize Rate Data

Because there is no device attached to the software development system to
generate the rate data that is required during the vertical seeking maneu-
ver, this information had to be obtained from another scurce. The input
data used was based on that recorded during actual test ejections per-
formed at the Naval Weapons Center, China Lake, CA. Figures 2.4, 2.5 ard
2.6 ard Figures 2.7, 2.8 and 2.9 are the graphs of the rate data recorded
during the 90° roll test and the 180° roll test, respectively, of the
vertical seeking seat. This data was digitized, translated to the form
used in the program (see Table 3.l1), entered via the keybocard, and stored
on the disk. However, because of the impracticality of manually entering
each data point required (7200 bytes/test), only the data corresponding
to certain points in time were entered. Using these data points as inter-
polating points, the program performs a linear interpolation to generate
the rest of the data. This data is then stored in memory and read as
required during the vertical seeking maneuver.

2.1.7.1 LINT: Linear Interpolation

According to the report in which the test data was issued, microprocessor
control is initiated at .389 secords. Since the rocket motor burns for a
nominal 1.5 seconds, the data between T=.389 and T=1.889 was assumed to
have been used in the test to perform the vertical seeking maneuver.
Accordingly, it is from this portion of each graph that the interpolating
points were read. The total elapsed times differ in the demonstration
program as indicated on the graphs and defined as follows:

T=.389
T=1.889

T=.55 in demo program
T=2.05 in demo program

In the vertical seeking algorithm, these times in turn correspond to t=0
and t=1500 (where t= number of ms after the beginning of the maneuver)
and are also indicated on the graph. For consistency with the discussion
of the vertical seeking algorithm (see Section 3) it is these times that
are used below.
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INITIAL VALUE
00

0000
0000
0000
0000
0000
O0CCOH
F340CH

0000
0000
0000
0000
0000
3800H
00
3CBOH
00
4AEQH
00
0000
0000
0000
0000
0000

Figure 2.3 Initial Values of Program Variables
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Each graph was divided into 60 equal time intervals to provide interpolat-
ing points at t=25, 50, 75,...,1500, defining rj, q; and p; at i = 20, 40,

60, 80..., 1200. For the interpolation, the values ry, g, and p, (at t=0)

are defined to be 0. Table 2.1 and Table 2.2 show the interpolating points
used for the 90° roll test and the 180° roll test respectively.

The linear interpolation formula is then executed 60 times for the r, g, 1
and p interpolating points, generating 20 points each time to produce the
required 3600 pieces of rate data (1200 each for yaw, pitch and roll).
Figure 2.10 shows an example using the r interpolating points; the process
is the same for p and g data.

I —

The formula itself is very straightforward but its implementation was
camplicated by the fact that the INTEL 8085 microprocessor provides no

, miltiplication or division capability. To keep the linear interpolation
cade as simple as possible, a MULTIPLY subroutine and a DIVIDE subroutine
were written. The interpolation algorithm then only sets up the numbers
to be multiplied (or divided) and passes then as parameters to the appro-
priate subroutine; the product (or quotient) is calculated and returned to
the CALLing routine.

The division algorithm used in the program simply performs repeated sub-
routines until the remainder is less than the divisor. The gquotient is
then rounded to the nearest integer (no greater accuracy is required) as
follows:

if the remainder > 1/2 divisior, g

= g+1
if the remainder < 1/2 divisior, g

q

The multiplication algorithm used is far more camplicated. A detailed

description is given in Appendix B.

2.1.8 INZDRETM: Initialize Time of Parachute Disreefing/Seat/Occupant
Separation

The time of parachute disreefing and seat/occupant separation depends upon

the altitude and speed of the seat/occupant system at ejection. These are
input by the user as follows:

INZDRFIM displays the message shown in Figure 2.11(a), then waits for the
user to respond. The program checks that the value input is valid and
converts it fram a series of ASCII characters to a hexadecimal value,
which is stored in memory. INZDRFTM then displays the message shown 1n
Figure 2.11(b). Again, upon receiving a valid response, the program
performs the same conversion described above and stores the value in mem- 1
ory. Using these values, the program determines the time of parachute
disreefing/seat/occupant separation according to the chart in Figure 2.12,
as defined by NADC personnel.

«lf=
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INTERPOLATING POINTS FOR 90° ROLL TEST

J
; i R(i) ‘i Qi) P(i)
' |
% | Deg/Sec Hex Equiv | Deg/Sec Hex Equiv Deg/Sec Hex [rpiv
| (
. 0 0000 0 . 0000 0 0000
|20 9 0024 2 | 0008 -14 FFC7
| 40 4 0010 -5 | FFEC -25 FF9A
{60 -2 FFF8 -14 { FFC7 -17 FFEB
. 80 14 0039 -15 FFC3 51 00D1
! 100 36 0093 4 0010 131 0218
{120 46 00BC 8 0020 186 02F9
| 140 57 00E9 -8 FFEQ 209 0357
| 160 70 0LllE -18 FFB7 226 039D
. 180 73 012a -18 FFB7 246 03EF
. 200 78 013F -30 | FF86 255 0414
220 81 014B -44 | FF4C 254 0410
240 82 014F -53 | FF28 242 03DE
260 79 0143 -54 FF23 230 03aD
280 78 013F -56 FF1B 210 035C
300 74 012E -58 FF13 183 02ED
320 73 012a -58 FF13 166 02a7
340 69 0l1A -55 FF1F 153 0272 ‘
360 67 0112 -52 FF2C 132 021C
380 60 00FS -50 FF34 109 016E
400 60 00F5 -49 FF38 103 01AS
420 56 00ES -40 FFSD 96 0189
440 50 00cC -34 FF75 66 010E
460 | 44 00B4 -32 FE7D 50 0occ
480 | 46 00BC -27 FF92 68 0116
500 | 40 00A3 -22 FFA6 41 00A7
520 32 0083 -23 FFA2 9 0024
540 38 0098 -18 FFB7 62 00FD
560 | 42 00AB -11 FFD3 40 00A3 ,
580 | 25 0066 -12 FFCE -25 FF9A ;
600 22 005A -19 FFB3 -2 FFDC {
620 | 37 | 0097 -8 EFEQ 62 00FD |
640 32 0083 -1 FFFC 26 006A £
660 13 0035 -7 FFE4 -52 FF2C %
680 22 | 005A -10 FFD8 0 0000
700 40 |  00A3 -4 FFFO 82 014F
720 30 007A -2 FFF8 30 007
740 12 0031 -5 FFEC -44 FF4C
760 22 005a -8 FFEQ 4 0010
780 36 0093 -2 FFF8 68 0116
800 27 006E -1 FFFC 21 0055
820 11 | o02p -5 | FFE8 -35 FF71
840 17 1 0045 -11 | FFD3 3 000C
860 28 | 0072 -7 | FFE4 | 47 00C0 |
380 21 | 0055 -5 | FFES P A 002D [
900 | 11 | 0020 -9 | FFDC -19 FFR3
| | | |
v i | . ! :
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INTERPOLATING POINTS FOR 90° ROLL TEST

| . R(i) | Qi) P(i)
| |
i Deg/Soc  Hex Equiv | Deg/Sec  tlex Equiv | Deq/Sec  Hex Equiv
i
920 18 0049 -12 |  FFCF -2 FFF8
I 940 24 0062 -11 | FFD3 14 0039
| 960 24 0062 -16 FFEF 15 003D
[ 980 21 0055 -21 FFAB 4 0010
1 1000 21 0035 -27 FF92 3 000C
i 1020 20 0051 -32 FF7D 5 0014
| 1040 24 0062 -38 FF65 10 0028
| 1060 25 0066 -37 FF69 22 005A
' 1080 21 0035 -33 FF79 18 0049
1 1100 23 005E -43 FF50 11 002D
1120 27 006E ~54 FF23 17 0045
1140 28 0072 ~72 FEDA 18 0049
1160 30 007A -89 FE94 20 0051
1180 30 007A -103 FESB 22 0054
1200 32 0083 -118 FEID 24 0062

TABLE 2.1 (Continued)
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INTERPOLATING POINTS FOR 180° ROLL TEST

il

R(i) Q(i) P(i)
|
i Deg/Sac Hex Equiv Deg/Sec Hex Ecuiv Deqg/Sac Hex IXpuiv
|
0 0 0000 0 i 0000 0 0000
20 -7 FFE4 4 0010 2 0008
40 -7 FFE4 8 0020 30 007A
60 12 0031 11 002D 91 0174
80 32 0083 15 003D 153 0272
100 52 00D4 18 0049 217 0378
120 72 0126 9 0024 298 04C3 !
140 92 0178 -2 FFF8 364 05D2
160 112 01CA -12 FFCF 417 06AB
180 108 01BA -22 FFA6 378 060B
200 101 019D -33 FF79 338 0567
220 100 0199 -44 FF4C 342 0578
240 110 01C2 -56 FF1B 355 05AD
260 108 01BA -66 FEF2 318 0515
280 100 0199 -81 FEBS 281 047E
300 109 01BE -97 FE73 309 04F1
320 132 021C -108 FE46 306 04E4
340 117 01DE -115 FE2A 257 041C
360 112 olca -126 FDFC 236 03C2
380 123 01F7 -135 FDD8 259 0424
400 122 01F3 -132 FDE3 215 0370
420 103 01A5 -130 FDEC 152 026E
440 99 0195 -130 FDEC 138 0234
460 116 01DA -118 FEID 174 02C8
480 | 110 01C2 -107 FEAF 112 01CA |
500 | 87 0164 -96 FE77 40 00A3 ,
520 | 94 0180 -96 FE77 78 013F !
540 114 01D2 -84 FEA9 114 01D2 !
560 100 0199 -69 FEE6 41 00A7
580 78 013F -59 FFOF -15 FFC3
600 87 0164 -60 FFOB 30 007A
620 110 01C2 -52 | FF2C 71 0122
640 | 100 0199 -39 | FF61 12 002D
660 i 85 015B -31 FF82 -44 FF4C
680 104 01A9 -31 FF82 1 0004
700 ! 121 01EF -28 FF8E 42 00AB ,
720 | 110 01C2 -22 FFA2 -6 FFE8 i
740 | 97 018D -22 FFA2 -46 FF44 l
760 i 111 01C6 -22 FFA2 -5 FFEC i
780 | 125 O1FF -22 FFA2 27 006E |
800 | 122 |  OlF3 -19 FFB3 6 0014 |
820 | 108 ' 01BEA -18 FFB7 -22 FFA6 e
840 | 105 01AD -18 FFB7 -18 FFB7 |
g60 | 111 [ 01C6 -18 FFB7 -4 FFT0 |
880 | 109 | OlBE -16 | FFBF -2 FFT8 |
900 | 106 ! 01Bl -15 i FFC3 -6 FFES i
| | | |
TABLE 2.2

1=
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INTERPOLATING POINTS FOR 180° ROLL TEST

R(i) Q(1) P(i)

i Deq/Sec Hex Equiv Deg/Sec Hex Equiv Dog/Sec Hex Fniv
920 103 01A5 =17 FFRB -10 FFD8
940 104 01A9 =21 FFAB -12 FFCE
960 104 01A9 =25 FFOA -14 FFC7

‘ 980 103 01a5 -29 FF8A -16 FFBF
1 1000 101 019D =34 FF75 -18 FFB7
}1020 104 01A9 -39 FF61l =22 FFA6
{ 1040 106 01B1 -45 FF48 -27 FF92
! 1060 109 01BE -53 FF28 -32 FF7D
j1080 112 olca -58 FF1l3 =37 FF68
i 1100 115 01D6 -63 FEFF -42 FFS5
illZO 118 0l1E3 -68 FEEA -48 FF36
i 1140 120 01EB =70 FEE2 -54 FF23
;: 1160 123 01F7 =73 FED6 -59 FFOF
‘1180 126 0203 -75 FECD -64 FEFA

33 0218 -78 FECS -69 FEE6

1200

TABLE 2.2 (Continued)
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ihe Linear Interpolation Formula is

£(x) = (Ex-f1x)) + ((£1=£o) (%1))

(%7 -%g)

where fo, f1, Xo X1, Xj are defined at each of the 60 passes as follows:

Pass £ £ * i Xj =1 Points Generated
1 Iy oo 0 20 1-20 ry = Eap
2 o0 Ta0 20 40 21 - 40 Iy = I4g
3 T40 Teo 40 60 41 - 60 40 ~ Te0
. .
© o

Figure 2.10 Linear Interpolation
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SELECT DESIRED TEST

1. 90 DEGREE ROLL
2. 180 DEGREE ROLL

ENTER ALTITUDE AT EJECTION (0-18,000 FT)

SELECT DESIRED TEST

1. 90 DEGREE ROLL
2. 180 DEGREE ROLL

ENTER ALTITUDE AT EJECTION (0-18,000 FT)

ENTER SPEED AT EJECTION (0-600 KEAS)

Figure 2.11 Altitude/Speed Initialization Display
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DISREEF AT 4.5 SECONDS AFTER ROCKET IGNITION

DISREEF AT 1.5 SECONDS AFTER
ROCKET IGNITION

DISREEF AT 1.5 SECONDS AFTER ROCKET IGNITION

- 100 200 300 400 500 600

SPEED AT EJECTION (KEAS)

Figure 2.12 Parachute Deployment Chart
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2.1.9 INZDEMO: Initialize Demonstration Display

The last function performed in the initialization process is to display on
the CRT a list of all of the ejection functions to be executed, along with
instructions on how to begin the demonstration. (See Figure 2.13.) At

this point, the program waits for the 'ejection signal'. When this is
received, the system timer Tl is programmed to generate an interrupt every 25
ms, the bottom line on the CRT is deleted and the cursor positioned at row

2 colum 40. At this point, the ejection sequence begins.

2.2 Ejection

The two major functiocns performed by the microprocessor to control the
ejection are the timing and sequencing of the ejection events and the
output of cammands which will effect the execution of each function.

Each sequence of ejection functions, except sequence D (see Table 2.3),

is executed repeatedly until the time that the next sequence is to begin.
After each execution of each of the first three sequences, a driver routine
is entered which performs the timing and sequencing as follows:

For the first .55 seconds after ejection, the microprocessor receives an
interrupt every 25 ms. These interrupts are counted and the number stored
in memory. At T= .55 (where T= total elapsed time since ejection) the
nunber of 25 ms interrupts is stored in memory. The interrupt counter is
cleared and used to keep track of the number of 2.5 ms interrupts that
Timer T1 will now generate until seat/occupant separation. Using the
glue in the interrupt counter, the time of the next interrupt (Tyy) is

If Tyt < .3 seconds, the driver routine prepares so that the subroutine
enabling the execution of the functions in sequence A (EJCTRIN:) will be
indexed when the next interrupt is received.

If .3 seconds < Tyt < .55 secords, the driver routine prepares so that the
s.;bmut.ine enabling the execution of the functions in sequence B (CTPLTRIN:)
will be indexed when the next interrupt is received.

it Tyr = -55 seconds, the drier routine programs the timer T1 to generate
an interrupt every 2.5 ms after the next (and last 25 ms) interrupt is
received and sets up so that the subroutine enabling the execution of the
functions in sequence C (RKTSEQ:) will be indexed upon receiving that
interrupt. Since the only function in sequence C to be executed at this
time is to ignite the rocket, (this is the only time this function is
executed), the driver routine also sets a flag, indicating this to RKTSEQ.
If .35 seconds € Typ < 2,05 secords, RKTSEQ is indexed. At T= 2.05, se-

quence C is executed for the last time and control is passed immediately
to the suroutine controlling sequence D (PARSEP:). If the time of parachute
disreefing /seat/occupant separation is T= 2.05 seconds, these two functions

-22~
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uP EJECTION SEAT FEASIBILITY DEMO

Emergency 02 Generation
Inertial Reel Firing

Neck Bladder Inflation

Hip Thruster Firing

Canopy Removal

Gyro Spinup

Seat Release

Catapult Initiation

Rocket Initiation

Rocket Gimballing Initiated
PCEM Fired

Rocket Gimballing Completed
Parachute Disreefed

Seat/Occupant Separated
e % % g 3 % % ok Kk kk ko gk ke kk ek k ok ok k ko k kk kkhkk Ahkk

TO BEGIN DEMONSTRATION, PRESS “E”/

Figure 2.13 Feasibility Demonstration Display
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TIMING/SEQUENCING OF EJECTION SEAT FUNCTIONS

Sequence Function

A - Ejection Sequence
1. Emergency O; Generation
2. Inertial Reel Firing
3. Neck Blader Inflation
4. Hip Thruster Firing
5. Cancpy Removal
6. Gyro Spin-Up

o
|

Catapult Sequence
1. Seat Release
2. Catapult Initiation

C - Rocket Seguence
1. Rocket Initiation
2. Rocket Motor Gimballing
3. PCEM Firing

D - Descent Sequence
1. Parachute Disreefing
2. Seat/Occupant Separation

Table 2.3 Timing/Sequencing of Ejection Seat Functions

==

Time Initiated

tg .55

tg *+ 1.85

tg + 2.05/tg + 5.05

dish.
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are executed and the ejection is camplete. Otherwise, as each 2.5 ms
interrupt is received and counted, control is passed directly to PARSEP
which waits until T= 5.05 seconds to execute the final sequence to cam-
plete the ejection.

To effect the execution of each of the ejection functions on an actual
ejection seat system, the microprocessor would output a cammand word to
a specific port. This port would interface with specially designed hard-
ware that would convert the digital data to an analog signal which in
turn would enable the desired event. This process is simulated in the
demonstration program (subroutine SQUIB:) as follows:

The microprocessor outputs the three character ASCII sequence 00001000,
(backspace) , 000010105 (line feed), 00101010, (*) to the CRT. This

causes the '*' character to be displayed next to the function being ex-
tracted indicating its successful completion.

-25-
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3. THE VERTICAL SEEKING MANEUVER

The implementation of the vertical seeking maneuver, the most critical of
the ejection seat functions to be controlled by the microprocessor, is

based to a great extent on the work done previously by personnel at the
Naval Weapons Center, China Lake, CA. The following discussion describes
the vertical seeking seat program as designed, coded and tested at NWC,

and indicates where modifications had to be made for implementation in

the demonstration program.

Simply stated, the purpose of the vertical seeking maneuver is to insure

that the seat/occupant system is in an upright position and traveling in a
vertical direction. The microprocessor accomplishes this by properly
gimballing the rocket motor according to information describing the initial
orientation of the seat/occupant system and by continuously monitoring the an-
gular rates of the system about all three axes. For testing purposes, the
initial orientation of the seat/occupant system is predetermined and essentially
hardwired in the memory of the microprocessor by storing the direction

cosine of the angle of each of the axes of the seat/occupant coordinate system
to the vertical. These are updated continuously throughout the maneuver

using the rotational rates, and the direction cosines are then used to
calculate the rocket gimballing cammands. Gimballing the rocket modifies

the orientation of the system and the rotational rates, which in turn

cause the microprocessor to modify the direction cosines and, ultimately,

the rocket gimballing. By this circular process, the system is stabilized

as it apprcaches the desired orientation.

3.1 The Vertical Seeking Algorithm

There are five basic steps comprising the vertical seeking algorithm:

. Input Rate Data

. Integrate Rate Data

. Update Direction Cosines

. Calculate Rocket Gimballing Commands
. Output Rocket Gimballing Commands

wmaeWwWwN -

3.1.1 Input Rate Data

Attached to the ejection seat are gyroscopes which sense the rate of ro-
tation of the seat/occupant around the vaw, pitch and roll axes of the seat/
occupant coordinate system. A voltage level proportional to the rotational rate
is sent from the gyroscope to an A/D converter which outouts camplementary
twos camplement (CTC) digital data to the microprocessor. This data is
then converted to obtain the twos camplement form used in the program.

Three examples of this conversion process for a typical system are shown

in Table 3.1. As presently implemented, rate data is sampled every 1.25

ms; every 2.5 ms an interrupt is generated to the microprocessor, at

which time the previous two samples (which have been buffered) are read

and processed. Thus, every 2.5 ms, six words of rate data are input by the

=26~
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Assume the following gyro characteristics:

range: +500 deg/sec

full scale deflection: *10v

Rate—Gyro—Analog Data—+A/D—
500°/sec (8.72 rad/sec) 10v

0°/sec (0 rad/sec) ov

-500°/sec (-8.72 rad/sec) -10v

(8.72 rad/sec)

CTC Data—HKP—+Twos Comp

F800H O07FFH
FFFFH 0000H
07FEH F801H

Table 3.1 Angular Rate - Digital Data Conversion

7=

N~ —,
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nicroprocessor - 2 each for yaw rate (r), pitch rate (q) and roll rate
®) . '

3.1.2 Integrate Rate Data

Integration of the rate data with respect to time allows the microprocessor

to keep track of the rotation of the seat/occupant system about each of the axes.

(Note that three separate integrations are required.) The integration scheme
is based on the following formula for the trapezoidal rule:

A= AR (Y1+2Y,+2Yq+e oo tyy) (1)
The above was mcdified slightly to give the following formula:

/A b= 04y )+ 0y )+ Y+ 3) + (Y 4y )+ (Yo Hy ) F (7, 4y ) oo e (2)
where £ corresponds to r;, q;, OF Dy for a particular time t given by:

i=1, 1200
t (number of ms after beginning of maneuver) = 1.25 (i)

Since data is sampled approximately every 1.25 ms, Ah = 1.25.

To perform the next step of the algoritlm (update direction cosines), the
program does not actually need to know the amount of rotation about each
of the seat/occupant axes but only when the rotation has exceeded a predefined
angle. Thus the A in eq. (2) is not calculated in the program but has been
predetermined to insure that the left side of the equation becomes a con-
stant against which the right side is tested. A is defined as the max-
imum angle that could be generated in one sampling period if rotating at
the maximum rate that can be sensed by the gyroscope. In this case, the
maximm rate is, 8.72 rad/sec and the sampling period is 1.25 ms; therefore
A = .0109 radians. Given the scaling used in the program, the left side
of the equatiocn is determined as follows:

A = .0109 radians = 07FF15 = 2047

10
A . 2(2047) . 4094 _ =
ih L I.25 ey

If however, the seat/occupant system is rotating at the maximum rate in a neg-
ative direction (-8.72 rad/sec):

A = -.0109 rad such that

2A = =

~-28~
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Thus, the following three equations define the three integrations per-
formed in the program: .

+ CCo = (0+rl)+(O+r2)+(rl+r3)+(r2+r4)+(r3+r5)+(r4+r6)+... (3)
+ QCO = (0+ql)+(0+q2)+(ql+q3)+(q2+q4)+(q3+q5)+(q4+q6)+... (4)
+ CCG = (0+pl)+(0+p2)+(p1+p3)+(pz+p4)+(p3+p5)+(p4+p6)+... (5)

When the system has rotated at least .0109 radians in either a positive
or negative direction around any of the 3 axes the appropriate direction
cosines are updated and the corresponding test value (+ CCO) is subtracted
fram the sum; the integration then continues as before.

3.1.3 Update Direction Cosines

Implementation of this part of the vertical seeking algorithm is based on
the Crowder Hession Direction Cosine Updating Algorithm as follows:

C31,a = 31,k
C32,a = C32,k A8z C31,K

C33,a = C33,x *46y C31 k

C31,b =C31,a ¥492C33,,
C12.6 12,4

C33,p = C33,a 204 C33,a

C31,k+1 = C31,5 A0 C33
C32,k+1 = C32,p 264 C33 1
C33,k+1 =C33,p

C31,C32,C33 are the three direction cosines D shown in

Figure 2.2.

3l,D32,D33,

K,K+1l designate points in time;

a,b are values for intermediate calculations used in arriving at
the next point in time, and

_\ex. .ley and Ag, are the angular displacements of the gvros.

=29
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The disglacemants are reoresented by a cuantum pulse weight A which has
the ganeral form 270, wi t

wnera n is determinad by the sample time and the
rmadmem valus of the angular rates.

it

To maximize the resolution cof this quantity the size of the quantum w2ight

is recuired to be as small as possible but must be largsr than the rax-
irmrm rotation over cne sample period. Given a maximm angular velocity

O
Ih
(€8]

ntum size that would be larger than the maximum angular displacerent of

.72 radians/sec and a sample time of 1.25 x 1073 seconds, the smllest

e
5

the gyros (.0109 rad.) is_27° radians (= .0156 rad.). The quantum size
usedé in the program is 2-7(= .0078 rad. ).

J
- !

very 2.5 ms (with each interrupt) this algorithm is processed twice, once )
or each of the two samples of input data. In processing the algorithm, -
8. 56 Y .382 are determined by the integration of the rotational rates

P
ound the x, ¥y and z axes respectively, as follows:

I

L/

i

For each axis,

if the system has rotated less than .0109 radians in either |
a positive or negative direction, the corresponding Aej=0;

if the system has rotated at least .0109 radians in a positive di-
recticn, the correspcnding _\.sj=2‘ ; f

if the system has rotated at least .0109 radians in a negative di-
recticn, the corresponding _\.ej=-2-7.

In the prcgram, there are thres bytes of memory used as flag words (RLINC,
PCIIC, YANXC), each of which is set to one of thrse values (00, Ol or FF)
1 the rate data is intecrated. The grogram then uses the value of the

- v - i = -— ]
Jdetarmine which of three valuss (00, 27/, =27/) will be

R e

3.1.4 Cenerate Rocket Gimkalling Coarmands

 — - v 4 \
command, are output to gimbal
n o

htforwardly es
S ; by th def csinss are sinusocidal, a con-
trol law based on them would not be strictly linear. There are two (
distinct regions of seat attitude where different control ascects ars o |
take place. First, in an inverted attitude (-90° < a33 < 90°) a large !
is 3 2 BEl he ight. In this region, D33 is ‘
si a 11 Y i @ [

D32 will vary from zero when «
1 4 —~ - <~ a
ight attitude ( 90° <

D32 again vary betwsen + 1. The con-

=30-
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I

N\

00 | 00
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System has not rotated at least .0109 radians in
either direction around the x-axis.

System has rotated at least .0109 radians in a
positive direction around the x-axis.

System has rotated at least .0109 radians in a
negative direction around the x-axis.

System has not rotated at least .0109 radians in either
direction around the y axis.
System has rotated at least .0109 radians in a positive
direction around the y-axis.
System has rotated at least .0109 radians in a negative
direction around the y-axis.

System has not rotated at least .0109 radians in
either direction around the z-axis.

System has rotated at least .0109 radians in a positive
direction around the z-axis.

System has rotated at least .0109 radians in a negative
direction around the z-axis.

Figure 3.1 Quantum Control Chart
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D332 0

D33<0 Roll Command = -D32
Pitch Command = D31

31 > Ip32|

Roll Command = -D32
Pitch Cammand = sign D31 (2-| D31])

Ip32] > |31

Roll Command = sign D32 (2- |D32] )
Pitch Cammand = D31

Figure 3.2 Control Law

-32=-
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3.1.5 Output Rocket Gimballing Cammands

The seat-rocket motor arrangement as implemented at NWC is shown in Figure
3.3. It can be seen that the rocket motor can be gimballed + 16° in two
directions.

The two commands are output to a D/A converter, which in turn outputs a
signal causing the rocket to move a certain angle. That angle is measured
not from the current position of the rocket but fram the neutral position.

3.2 Sumary

Viewing the vertical seeking maneuver as a closed loop process as discussed
in Section 3, it can be seen that the primary problem in implementing it in
the feasibility demonstration program is that, although it is possible to
simulate the input of the rate data, perform the required calculations to
generate the rocket motor gimballing commands and display the outcame of
these cammands, the feedback effect of the rocket gimballing on the orienta-
tion of the seat/occupant system and on subsequent rate data is missing. It
is not possible then to determine on the software development system whether
the camands generated would produce the desired trajectory. However, using
the rate data recorded at NWC, China Lake, it was possible to verify to a
reasonable extent, the accuracy of the vertical seeking maneuver by inspect-
ing the direction cosines of the final orientation. These are shown for both
the 90° roll test and the 180° roll test in Figure 3.4. As stated in Section
2.1.7, same inaccuracy is expected due to the way in which the rate data was
generated.

«33=
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90° Roll Test Final Orientation

D31 = -.184 + a3l = 100.6°
D32 = .004 > q32 = 89.77°
D33 = -.969 + a33 = 165.69°

180° Roll Test Final Orientation

D31 = .1l64 + a3l = 80.56°
D32 = .089 > 032 = 84.89°
D33 = -.970 + 033 = -165.93°

Figure 3.4 Results
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4.1 PROGRAM LISTING
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REPORT NO. NADC-79240-60
VRTSK.DEM 9/29/78

0102 ORG 1 0OH
01G) GO NOP
exhexl F3 DI
0152 318F37 LXI SP,NEED30
G105 CD2601 CALL INZRST75
0103 CD320! CALL INZIMRS
2193 CD5401 CALL INZDSP
Q10E CD3Ces CALL CHOICE
Ol1l CD6COI CALL INZDSK
Q114 CDOCOI CALL INZVRBLS
Gil7 CDFEOI CALL INZRDATA
QilA CD9DO5S CALL INZDRFTHM
QD €nS40i CALL INZDSP
D127 CD2FO7 CALL INZDEMO
123 C24507 JMP EJKEY
INZRST75:
s
$SET UUP RST 7.5
s (CCANNOT LOAD PRGM INTO LOC 3C)
)
5126 213C00 LXI Hy3CH
0129 3503 MVI M,0C3H
P8 215C07 LXI H,SEQSRT
5128 223DC SHLD 3DH
Dt3f €9 RET
INZTMRS:
5132 3E40 MVI A,404
0124 D3E3 OUT OF3H
Di36¢ 2103Di LXI H,ODIO3H s$MODE SET
0139 3630 MVI M,30d ;TO, 40
0728 3670 VI M, 704 s T1, MO
013D 3680 MVI M,0BOH T2, MO
Q13F 2B DCX H b2l e 61
0140 3601 MVI M, I ;172 US
2142 3600 MVI M,0
Cls4 28 DCX H ;T1 LOC
5145 3601 MVI M, s1/2 US
0147 3600 MVI M,0
S149 23 DCX H s TO LOC
O14A 3601 MVI M, | 3172 US
Ji 42 3600 MVI M,0
’
sCLEAR UNWANTED INTERRUPTS
Ji4E 3Z18 MVI A, 1BH
0150 CbLD307 CALL SIM
0i33 Cv RET
[NZDSP:
$sCLEAR SCKEEN, USE 40 CLMNS.,
;USE UPPER AND LOWER CASE
Q154 CD CALL OF890H
ST 3E1 MVI A, lBH
SS9 CDO3F8 CALL. OF803H 340 COLMNS
01 3843 MVI A, 43t
0185 CDI3ES CALL 0F8)3tl
Cial A5IR MV A, 1B
Died LoD CALL OF803H
oo 30 MV A, 55H

-38-
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VRTSK. DEM

Q168

a168

016C
Ol 6F
0171
c174
0176

0178

0179
0178
oi7cC
C17D
oten
cla2
0183
184
o187
cia9
Ccl8C
Clgr
0i92
0195
0198
0198

0iI9C
0i%D
ClAOQ
01A3
Ol AS
Ol AY
01AC
Ol AF
01B2
O1B5
01B8
0188
O1BE
olIC!
0i1C4
01C7
OICA
01CD
01n0
0oIn3
010s
oi1gy
cile
1Dl
0l e
o1 k5

CDO3F8
€Y

210042
3600
010CCo
1E03
1616

09

110042
CZO500
112142
CCC500
114242
CDO500
Cc9

AF

210000
32F841
32F 441
22EA4 |
22£C41
22EE4 1
22C441
220041
22CE4 1|
22044
22CC4 1
220841
22C641
22D241
22CA4
220641
22CE41
2210A4 1
32804 |
320E4 1
320F41
J2E541
210038
(,‘c‘i‘.:‘\‘;l
2iB03C

REPORT NO. NADC-79240-60

9/29/78

CALL OF8&03H

RET
INZDSKs

A
i INITIALIZE

FILE CONTROL BLOCKS

i AND OPEN ALL FILES

LXI
MVI
LXAI
MV I
MV I

H, FCBRDI
,0

B, 12
Ey3

D, 22

LPMe
DAD
LPS:
MV I
INX
DCR
JNZ
MVI
DCX
OCR
JNZ LPM
VI C,OPEN
LXI D,FCBRDI
CALL BDOS

mIrororn= w
-
o

LXI D,FCBDRFTM

CALL BDOS

LXI D,FCBDEMO

CALL BDOS
RET
INZVRBLS:
XRA A
LEXI H,0
STA DCCT
STA SEQINDX
SHLD YAWR
SHLD PICHR
SHLD ROLLR
SHLD YSUMI1-~=2
SHLD YSuM2-2
SHLD PSUMI~2
SHLD PSUM2-2
SHLD RSUMI1-2
SHLD RSUM2-2
SHLD YSUMI
SHLD YSUM2
SHLD PSUMI
SHLD PSUM2
SHLD RSUMI
SIILD RSUM2
STA YAINC
STA PCINC
STA KLINC
STA TOGCL
LXI He3800H
SHLD SCpTr
LXl H3CBOH

-39~
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VRTSK.DEM

OlE2
O1EB
QIEE
Ol F!
OlF4
2 =
CirA
01FD

22FC41
21E04A
228241
21C00C
22F04 1
2140F3
22F241

Ce

210036
22E237

1 0603

5 OEi4

110042

CLC500

2AE237
113000

1A
i
13
23
AF
BA
CAl402
A2EII
05
C20602

(@R \SHISINS N

SN —N —
nDDODO >0
OwpHuw
N e O

SHMImimo

i) ~i
~N O

i D D=
o

O To 8 B

L
ro
)~}

O

REPORT NO. NALC-/9Y24U-60

/297178

SHLD TLMPTR
LXI H,4AE0H
SHLD VSPTR
LXI H,0CCOH
SHLD QPOS
LXI H,OF340t
SHLD QNEG
RET
INZRDATA:

’
$READ FILE WITH END POINTS
s AND INTERPOLATE TO GET
31200 PIECES OF DATA EACH FOR
sYAW,PITCH AND ROLL RATES
]

LXI H,36004

SHLD MOVPTR

MVE B, 3
SETUPIPS:

MVI C,READ

LXI D,FCBRDI

CALL BDOS

MOVE 80H BYTES TO INT PTS.STORAGE

“ wo we

LHLD MOVPTR

LXI D,80H
MOVLOOP ¢

LDAX D

MOV M, A

INX D

INX H

XRA A

CMP D

JZ MOVLOOP

SHLD MOVPTR

OCR B

JNZ SETUPIPS

SET UP TO INTERPOLATE YAW RATE DATA

- o we

LXI H,BEGYIP
SHLD STRTPT
LXI H,YRDATA
SHLD STRLOC
GALL K1 NI

’ »
$SET UP TO INTERPOLATE PITCH RATE DATA
LXI H,BEGPIP
SHLD STRIPT
LXI H,PRDATA
SHED SHRLOC
CALE LINE

$SET UP [0 INTERPOLATE ROLL RATE DATA

LXI H,BEGRIP
-40-
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2

2
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VRTSK.DEM

0245
0248
0248
024E
0251

0252
0255
0256
0259
025C
025F
0262
0263
0264
0265
02068

0269
026A

026D.

0270
0273
0275
0276
02717
0278
027A
0278
027E
czs8l
09282

0285
0288

0288
028t
0291
0294
0297
029A
0298
029C
Q29D
2vE
02Al
0lA4
Q2A7

22EA37
21E44A
22E837
CD5202
co

210000
39
22F 637
31F637
010020
110100
€5
D5
C5
2AEA37

F9

=)
22C137
228837
2AF437
3El4
85

6F

7C
CECQO
67

22€ 131
210000
39
22E6317

31CF37
CD9403

2AC137
22FC317
2AC33 T
22FE317
2AE637
Fo
El
38
3B
22C137
22FA37
2AFA317
22CT137

9/29/18

F(X1)=(

s wo we [T
—
e
peat
]
..

REPORT NO. NADC-75240-60

SHLLD STRIPT
LXI H,RRDATA
SHLD STRLOC
CALL LINT
RET

FOX1=-FI1X0 + (FI=-FO)*XI1/[X1-X01
LXI H,O0

DAD SP
SHLD LISVSP

_LXI_SP,LIJUNK—— "

LILOOPs

- ws @

LXI B,0000
LXI D,1
PUSH B

PUSH D

PUSH B

LHLD STIRTPT
SPHL

POP H  ;FO
SHLD MLTP2
SHLD FZERO
LHLD XZERO
MVI A,20
ADD L

MOY L,A $GET XI
KOV A, H

ACI O

MOV H, A
SHLD MLTPI
LXI H,0

DAD SP

SHLD TMPSP

i FOR LATER

sr0 X X1

SAVE STACK PTR BEFORE CALL MULT

LXI SP,SCRATCH
CALL MULT

s PRODUCT OF MULT = FO X XI

’

.
'

iNeXT XO

LHLD ANSL

SHLD FOXIL
LHLD ANSM

SHLD FOXIM
LHLD TMPSP
SPHL

POP H ;GET FI
DEX SP

DCX SP  $=NXT FO
SHLD MLIP2
SHLD FONE

LHLD XZERO
SHLD MLTP1

= CURRENT XC + 20

-4]1-

1V AGE
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REPORT NO. NADC-79240-60

YRTSK.DZM 9/29/73 PAGE 5
H
N022A 111400 LXI D,20
02AD 19 DAD-D
02AE 22F437 SHLD XZERO
0281 210000 EXL H,0
Q28B4 39 DAD SP
0285 22E637 SHLD TMPSP
02B3 31CF37 LXI SP,SCRATCH
0283 CD9403 CALL MULT
b
sPRODUCT FROM MULT = FI X XoO
,
sNOW COMPUTE FOXI - FIl1XO
]
028z 2ArC37 LHLD FOXIL
02C!1 EB XCHG
Q2C2 2AFE37 LHLD FOXIM
Q2Cz 4D Mov C,L
02C6 44 MOV B,H
9
$sBCDE - FOXI
b
02C7 2AC137 LHLD ANSL
§2CA TD MOV A,L
Cc2E8 2F CMA
02CC C691 ADI 1
G2€E 6F MOV L, A
C2CF 7C MOV A LH
02”“ 2F CMA
02D! CEQO ACI O
023’ 67 MOV H, A
Q204 22C177 SHLD AJSL
0207 C337 LHLD ANSHM
02DA 73 MOV A,L
0203 2F CMA
028€C CEOO ACL O
Q2DE o6F MOV L, A
G2uE 7C MOV A, H
QZE0 ZF CMA
02ElI CEOO ACI O
02E3 61 MOV H,A
Q2E4 22C337 SHLD AI
’
s ANSM/L = =FI1XO
’
2AC137 LHLD ANSL
19 DAD D
e Tl B i SHLD ALST
2RC33 ¥ LHLD ANSM
D2E502 JNC LICKI
23 INX i
LICNI ¢
O2F5 Q9 DAD B
ey Jeekd SULD AMST
$COMPUTE FI - FO
L]
QAE9 BAF837 LHLD FZERo  =-42-
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(7 3T LA X T
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2

A

VRTSK.DEM

02FC
02FD
C2FE
G2FF
0300
0301

0302
0203
030

0307

030A
030D
0310
0313
Q316
0317
0314

03iD
032C
0321
0324
0325
Cc328
0328
032C
C32F
0332

0333
0334
0337
033A
033D
0340
0343

Q0346
0349

~ O
Lo o L

e I
1M e

O O

S

0
2F
4F
ic
2F
a7
03
2AF£37
09
22E437

2AE437
22C 137
2AF237
22C137
23

22Fa37
CD9403

2AEC37
EB
2AC137
19
220037
2AEE37
cB
2AC337
D23303
a3

19

22D237
211400
220437
210000
22D637
CD7=04

9/29/73

LISUBLP

REPORT NO. NADC-79240-60

MOV
C"‘A
MOV
KOV
CMA
MOV
INX
LHLD FONE
DAD B

SHLD FIMFO

>0 >
-
=X >

,
’

s

@ w

’
i COMPUTE (FI1=-F0) X x(I)

’

CoNMP.,

ws e we

LICN2s

;QUOT.=

LHLD FIMFO
SHLD MLTPI
LHLD IVAL
SHLD MLTP2
INX H

SHLD IVAL
CALL MULT

(FOX1-F1X0)+(F1-F0)X X(I)

LHLD ALST
XCHG

LHLD ANSL
DAD D
SHLD DVNDL
LHLD AMST
ACHG

LHLD ANSHM
JNC LICN2
INX H

DAD D

SHLD DVNDX
LX} H,20
SHLD DVSRL
LXI H,0
SHLD DVSRM
CALL DIVIDE

(FOX1-F1X0)+(FI-FO)X X(I) / 20

sWHERE 20 = X1-X0

i INX BY

LHLD QUOTL
XCHG

INTERPOLATED DATA POINT

5 To STORE NeXT DATA POINT

1

AGE &




VRTSK.DEM

0350
253
0354

0337
035A
0383
035E
0369
0363
0264
0367
G3cA
03683

036t
036F
0370
o371
C374
0375

QOO
Lo o oo W

- =J =J
QN Qi

) ~~I

y O I sl e s so e VOV 0

OQOO0OO0OOOOOO
La PO M) e O W

oo o o o o

(&%}
O Y O
P O X

QOO
b

110200
12
222831

3AF037
3C
32FQ37
FEI3
C2GA03
AF
32F037
2AFA37
EB °
2AEB37

73
23
12
110500
19
22E837

2AE637
EQ
2AF237
23
22r237

JAF137
3¢
32F137
RS
C26902
2AE637
FQ

o

N -

)
~ 4O

L O
Ly ¢

GO

9/29/13

319 PTS?

- we

i STORE F

R
END POI

- we we e

“h we e

MULTs

’
$ ZERO 0OU

5

REPORT NO. NADC-79240-60

LXI D,5
DAD D

SHLD STkLOC

LDA CTR20
INR A
STA CTR20
€PT 19

JNZ LISUBLP

XRA A
STA CTR20
LHLD FONE
XCHG

LHLD STRLOC

I AS 20TH

MOV M,E
INX H
MOV M,D
LXI D,5
DAD D

POINT

SHLD STRLOC

NTS

LHLD TMPSP

SPHL

LHLD IVAL
INX H
SHLD IVAL

LDA CTR69
INR A

STA CTR6O
CPI 60

HAVE 60X20 PTS BEEN

JNZ LILOOP
LHLD LISvVSP

SPHL

1+ MST /72

ANS

LXI H,0000

SHLD ANSH

SHLD CARYSV

EHLD MLYIP]
MOV ALH

INE SIGN OF AN

LHLD aLIP2

KRA H
STA SION

wfi=

ESFORE STACK PIR Tt GEF NEW

GENERATED?

NP
AND

CARRY

SAVE

PAGE 7



v Y Y Wt e e Ay PN WY W S A T S AT b AR A0l el S e s L O O

—

23

b
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M

VRTSK.DEM

03A8

C3AA
O3AB
03AE
03Bl
03B4
03B7

03E?
C3BA
038D
02CO

03C3
03C6
03€7

03E!
03E2
C3E3
03t4
03E5
03E6
03E7
03Es
Q3E9

3E80

A4
FC6904
Cb7104
22C 137
2ACT737
3E80

A4
FC6904
CD7104

22C737

210000
39
22C937

3E 1
32€037
31CN37

21 FFFF
39
35
CA4604

0 T}
o ==
(]
m
O
H

mao o

18
AA
AC
A7
19
AB
A1
it

2|FAFF

REPORT NO. NADC-79240-60

/29773

MVI A,804

ws w0

i IF MLTP2<0, MLTP2=iMLTP2:

-e

ANA'H

CM TCl16

CALL CHKZERO
SHLD MLTP2
LHLD MLTPI
MVI A,80H

IF MLTPI<O, MLTPI=IMLTP1]

“e ws we

ANA H

CH TCl16

CALL CHKZERO
SHLD MLTPI

$ SAVE SP FOR RETURN
LXE H,0
DAD SP
SHLD MSVSP

3 SET UP BIT COUNT

MVI A,17

STA CNT

LXI SP,MLTP2
MLTLP:

EXI H,OFFFFH

DAD SP

DCR M

JZ MLPDONE

v
$PUT TEST BIT INTO CARRY
POP PSW
JNC BITO
BIT1zs
POP D
POP B
POP 'H
sD=MST 1/2 ANS
s B=CARRY SAVE
sH=1ST MULTIPLIER

GeT SuUM WITHOUT CARRIES

- =s o

MOV A,B

XRA D

XRA H

MOV B, A

MOV A, C

{RA E

ARA L

MOV Cl,A

B SN F R

-45-
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VRTSK. DEM

3EC
03ED

03ck
O3EF
03F0
03F1

03F2
03F3
03F4
G3F5
03F6
03F7
03F8
03F9
O3FC
03FD
O3FE
O3FF
0400
0401

0402
0403
0404
0405
0406
0407
Cc403
0402
0404
04GC8
040C
04CF
0410
041l

412
0413
0414
0415

0«16
0417
04183
04i9
0414

0418

041C

39
F9

El
o
El
A4
57
e
El
A4
B2
57
Vi >
2 1| FAFF
39
E9
Ell
A4
B2
951
s,
El
A5
o
7iis,
El
A5
B3
5k
7D
2 | EAFF
39
Fo
el
AS
33
)
El

J

D
53
33
30

0
- —C)

9/29/18

REPORT NO. NADC-79240-60

DAD
SPHL

SE

)
sCOMPUTE NEW CARRY SAVE

MSTR:

i STORE
i STORE

$ BCOE=PS(]) -=MUST

$BY |

\J
SHF T

POP
MOV
POP
ANA
MOV
1OV

ANA
ORA
MOV
MOV
LXI

MOV
LXI
DAD
SPHL
POP
ANA
ORA
MOV
POP

ARA

H
A
H
H
D
A
POP H
H
D
D
A
H
S

-
o 04

- -

T >

H
L
E
E, A
H

A

BE SHIFTED RIGHT

PAGE
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-y

VRTSK.DEM

041D
Q41E
041F
0420
0421

0422
0423
0424
0425
0426
0427
0423
0429
042A
0423

042E
042F
0430
0431
0432
Q433
0434
&35
0435
0437
0438
0439

04 3A
043B
043C
043D
C43E
043F
0440
C4a4i
0442
0443

0446
0447
0448
0449
i k)
gl 4"
0443
CiaC

0450

78
1F
47
79
tF
4F

C20203

D1
Cl
78
AA

79
AB
4F

c
o

3B
3B
38

El
1C
5D
El

A4
57
7B
A5

5F

C31604

w o
w

gl - —

154

T mMaCGoO0Om

e
O >
€l

REPORT NO.
2/29/718

NADC-79240-60

MOV A,B
RAR
MOV B, A
MOV A,C
RAR
MOV C,A
MOV A,D
RAR
MOV D, A
MOV A,E
RAR
MOV E, A
PUSH B
PUsSH D
JMP MLTLP

BITO:

: ]

s COMPUTE PS(I)

s
POP D
POP B
MOV A,B
XRA D
MOV B,A
MOV A,C
XRA E
MOV C,A
OCX SP
DCX sP
DCX SP
DCX SP

’

$ COMPUTE CS(I)

k]
POP H
MOV A,H
MOV E,L
POP H
ANA H
MOV D, A
MOV A,E
ANA L
MOV E, A
JMP MSTR

MLPDONE:

§

s COMPUTE PS(N) + CS(N)

b}
INX SP
INX SP
POP H
POP B
DAD B
PUSH B
PUSH H
LHLD MSVSP
SFPIL

-47-
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VRTSK. DEM

0451

0454
0456
0457
0454
0458
045E
0461

0464
04465
G468

0469
Qa6A
0468
046C
Ccael

(@]
»
le}
r

0461

o
S
~I
O

*4

= DY S O
E & & BT

L&
N B -
N RPN PN
OO U H LN -~

> &

OO DO

3ACF37
E680
FO
2AC337

2AC137
CD0205
22¢C 137

22C337
c9

7D
2r
8F
7€
2F

E 67

23
c9

AF
BC
(8(0)
BU
co
210000
22€1 31
€
co

21 FFFE
220837
22DA37

9/29/78

REPORT NO. NADC-79240-60

$DETERMAINE PROPER SIGH OF PRODUCT

]

TCl6¢

LDA SIGH
ANT 80H
RP

LHLD ANSM
XCHG
LHLD ANSL
CALL TWOSCOMP
SHLD ANSL
XCHG
SHLD ANSM
RET

v
i SUBROUTINE TO TAKE TWOS COMPLEMENT

Y

CHKZERO:

DIVIDE:

.30F 16 BIT WORD HL

MOV
CHA
MOV
MOV
CMA
MOV H, A
INX H
RET

A,L

L,A
A,H

XRA A

CMP H

RNZ

CMP L

RNZ

LXI H,0
SHLD ANSL
PopP B

RET

’

+DIVIDE BY RcPzATED SUBTRACTIONS
$THEN ROUND QUOTIeNT TO NEAREST
s INTEGER

’

- @ we

s [F DVD<O,

DETERMINE SIGN OF

LXI H,0FFFFH
SHLD QUOTL
SHLD QUOTM

QUOTIENT

LHLD DvsRM
MOV ALH

LHLD DVNDM
XRA i
STA

SION
DVHD=1DVND,

MOV
ANI

Ayt
301
_48-

PACE 11
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VRTSK. DEM

0495
0498
0499
049C
049F
04A2
04A3

0446
CaAQ
04 AA
04AC
04 AF
C4EO
04B3
0486
04B9
04384

C48D
C43e
G4Cl

04C2
04C3
G4C4
04C5
04C6
04C9
04CA
04CD
04CF

04D2
C4D3
04D6
CeD7
04DA
04DB
04pC

3
N
)

C
IS
C

nE
—

»

DD
:

nmnmm

~ fa —

f
o

F2A604
EB

2AD037
CD0205
22D037
EB

22D237

2AD637
e
E630
F2BD0O4
EB
2AD437
CD0205
22D437
EB
22D637

AF
2AD237
EB
2AC037
B2
B3
B4
B5
C23405

210000
22DA3T
2208317

~

cY

REPORT NO. NADC-79240-60

Q/29/18

JP CKDVSR

ACHGC

LHLD DVNDL

CALL TWOSCOMP

SHLD DVNDL

XCHG

SHLD DVNNDM
KDVSR:

[F DVSR<0O, DVSR=1DVSRI

<o we we ()

LHLD DVSRM

MOV A,H

ANI ECH

JP DOCKS

XCHG

LHLD DVSRL

CALL THWOSCOMP

SHLD DVSRL

XCHG

SHLD DVSRM
DOCKS:

2

;IS DVSR O OR 12
;

XCHG

LHLD DVSRL
XCHG
XRA

ORA

ORA

ORA

JNZ CKDNO

ORA E

JZ DIVZERO
CPL 1

JZ DIVONE

orx>

CKDNO:

s IV DVND=0,QUOT = 0
A}
XRA A
LHLD DVNDM
XCHG
LHLD DVNDL
ORA D
ORA E
ORA H
ORA L
JNZ SETUP
QUOTO:
EXT kO
SHLD QUOTM
SHLD QUGTL
RET
DIVONE:

i [F DVSRk=1,QUOT=DVND
«49=

RAGE 1.2




VRTSK

04EB
O4EE
Q4E-
0472
Q4F5
04F6G
04F9
04FC
C4AFD
0500

0501

0202
0503
0504
0306
0507
0508
0309
05238
020¢C
0590
050k
e51C
2511
G512
0513
0515
0516

[SIEVTRD RS R UL N ULRD LS

1O D = == —me — =2 o

DO O0O000
AN
N -—-1MOoOw >~

> O
5ty WU
N
20 W

0H23
052C

o Friee 1

(o AR
'.‘;‘F
(7»: {(\

0353

. DEM

2AD237
EB
2A0037
3ACF37
AA
FC0205
220837
EB
22DA37

co

75

7D
2F
Co0l
6F
TG
2F
Ce00
67

2F
CEQC
SF
TA

CCZO0
57

Cco

24D837
70
Ced1
OF

€
CECO
o
22D837
2ADA3Y
rin,

¢ CENO

oF

7
CEQO
67
TZIONI T
Y

REPORT NO, NADC-79240-60
9/29/178

’
LALD DVNDM
XCHG
LHLD. DVNDL
LDA SIGN
XRA D
CM TWOSCOMP
SHLD QUOTL
XCHG
SHLD QUOTHM
RET
DIVZERO:
METE
TWOSCOMP 3

1]

$SUBROUTINE TAKES 2/S COMP.

$OF 32 BITS IN DedL

L ]
MOV
CMA
ADI
MOV
MOV
CMA
ACI
MOV
MOV
CMA
ACI
MOV
MOV
CMaA
ACI
MOV
RET

INCQUOT ¢

9

s INCR. QUOT WITH EACH SUCCESSFUL

s SUBTRACTION

9

>
- - -
I > [

mo>

-

O O »mo >XOo > -—
o>

-
>

LHLD QUOTL
MOV A,L
ADI 1

MOV L,A
MOV ALH
ACI O

MOV H, A
SHLD QUOTL
LHLD QUOTM
MOV A,L
ACI O

MOV L,A
MOV A H
ACI O

MOV H, A
SHLD QUOT™
RE:T

SETUP:
-50-
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VRTSK.DEM

0534
0537
0538
0528
053k
053F

0540
0543
0546
0549
0544
054D
0520
0553
0554
0555
055¢6
0557
0538
05859
055C
(3o507
Q562
€563
0564
0565
0566
C567
05¢8
0568

.0S6E
. OS6F

0570
0571

0572
0573
0574
0577
0s7A
057B
O57E
057F
0580
0581

0582
0585
0588
0S38A
C5€8
O=8E
058F
0592
0595
0598

2AD637
EB
2AD437
CD0205
44
4D

CD17065
2AD037
22DC37
Qo
220037
240237
22DE37
1D

88

6k

7C

8A

67
2202317
DA4CO5
2ADC37
7D

3173

6F

G

17

67
22BC37
2ADE37
7D

17

6rF

¥C

17

67
22DE37
2ADC37
09
ZADE37
7D

240837
CD0205
220837
EE

9/29/78

we e B0

DIVLP:

REPORT NO. NADC-79240-60

SET DVSR= -DVSR TO DO SUBTRACTION

LHLD DVSRM
XCHG

LHLD DVSRL
CALL TWOSCOMP
MOV B,H

Mov C,L

CALL INCQUOT
LHLD DVNDL
SHLD REML
DAD B

SHLD DVNDL
LHLD DVNDM
SHLD REMM
MOV A,L
ADC E

MOV L,A
MOV A, H
ADC D

MOV H,A
SHLD DVNDM
JC DIVLP
LHLD REML
MOV AL
RAL

MOV L,A
MOV ALH
RAL

MOV H,A
SHLD REML
LHLD REMM
MOV A,L
RAL

MOV L,A
MOV A H
RAL

MOV H, A
SHLD REMM
LELD REML
DAD B

LHLD REMM
MOV A L
ADC E

MOV A,H
ADC D

CC INCQuOT
LDA SIGN
ANI 80H

RP

LHLD QUOTM
XCHG

LHLD QUOTL
CALL TWOSCOMP
SHLD® QUOTIL.
XCHG

-51-
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VRTSK.DEM

0599
059C

P T 1. L=d
J

22DA37
c2

OEl4
112142
chos0ce

118000
0E09.
CDo5¢C0

9EOA
116041
CD0500
216141
TE
FEQ6
4F
D21FQ7
23
CDB706
DAIFO7
116141
] A
I3
D605
QEQ5
217441
CDC806
217441
110000
DDFO6
228641
O1AFB®
09

5 DAIFO7

QE09
1 AE00

cD0500¢

A C OO
—- N> O
£

M=~ O —
O
- Q

<
+

~
(@]
-~

Wik nmin—g M —
(3] }

—
(o JRAVES &

» SO

- O

»,
>

REPORT NO. NADC-79240-60

9/29/78

SHLD QuoTM
RET
NZDRFTMs

GET INITIAL ALTITUDE AND SPEED
FROM CRT AND DETERMINE
PARACHUTE DISREEFING TIME
MVI C,READ
LXI D,FCBDRFTM
CALL BDOS
GETALT:
LXI D,80H
MVI C,PRINT
CALL BDOS
RDALT :
MVI C,INLINE
LXI D, INBUF
CALL BDOS
LXI H, INBUF+I
MOV A M
CPI 6
MOV C,A
JNC AINVENT
" INX H
CALL ASBCD
JC AINVENT
LXI D,INBUF+I
LDAX D
INX D
SUIl 5
MVI C,5
LXI H, INBUF+20
CALL PREP
LXI H,IN3UF+20
LXI D40
CALL TNTHOUS
SHLD ALT
LXI B,=-18001
DAD 8
JC AINVENT
s GET SPEED
MVI C,PRINT
LXI D,OA=H
CALL BDOS
RDSPEED:
EXT Dy LNSUR
SMVI C,INLINE
CALL BDCS
LXI H, INBUF+1
MOV ALM
CPI 4
HOV Cs A
JNC SINVENT
IMX H
CALL ASBCD
JC SINVENT
LAI D, IiNiOUs+]
LDAX D
~52~
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VRTSK.DEM 9/29/78

0¢0D
CS0E
0610
0612
0615
0618
0618
061E
0621
0624
0627
0628
0623
062E
0631
0632
0635
0638
0638
063C
063F
0642
0645
0646
0649
064C
064F
0652
0655
0658
0658
065C
065F
0662
0665
0668
0668
066E

0671
0674
0675

0678

0679
c67C
Q67F
0680
0683

0636 :

0689
068C
C68F
0692
C6¢%5
06¢8
066%
Q6¢5C

13
D603
OEO3
217441
CDC806
217441
110000
CDFBO6
22B841
O1A7FD
09
DA2707
2AB641
0150C9
09
DABCCS
2AB64 |
019CES8
09
D2AY06
2ABg4 |
O110FF
09
D24906
211600
22C737
2AB841
22C137
CD9403
2ABE41
29
22D037
210000
22D237
22D637
210A00
220437
CD7EQ4

2AD837

216400
22h4a37
CD7EQ4
n&e3l7

UG

(O8]

7

—\I
A%

— )TN
[o8]

QO 3> & >

sQUOT =
i CALC.

REPORT NO. NADC-79240-60

INX D
SUI~ 3
MVI C,3

LXI -d, INBUF+20

CALL PREP

LXI H, INBUF+20

LXI D,O
CALL HUND
SHLD SPEE
LXI B,-60
DAD B

JC SINVEN
LHLD ALT
LX1I B,-14
DAD B

JC T4PI5
LHLD ALT

S
D
1
il

000

LXI B,-6000

DAD B

JNC TIPTS5
LHLD SPEE
LXI B,-24
DAD B

JNC TIPT>
LXI H,22
SHLD MLTP
LHLD SPEE
SHLD MLTP
CALL MULT
LHLD SPEE
DAD H 3
SHLD DVND
LXI H,0
SHLD DVND
SHLD DVSR
LXI H,10
SHLD DVSR
CALL DIVI
«2XS
22.2XS
LHLD QuoOT
XCHG

LHLD ANSL
DAD D
SHLD ANSL
LHLD SP&e
DAD H

D
0

1
D
2

D
2X S
L

M
M

12
DE

L

D

SHLD DVNDL

LXI H,O

SHLD DVND
SHLD DVSR
LXT H, 100

i
Kl

SHLD DVSHL

CALL DIV

ok

LHLD QUOTL

KCHG
LHLD ANSL
DAD D

«53=
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VRTSK.DEM

C6%0 117BB4
CcLO 19
06A1 EB
06A2 2AB641
05A5 19
C6A6 DABOOS

06A9 215802
06AC 22B441
C6AF C9

06B0 210807
06B3 22B441
06B6 C9

06B7 TE
0683 FE30
068A D38
06B3 FE3A
06BD 3F
Cé2c D8

06BF D630
cecr 717
QéCz 23
06C2 0D
CeC4 C2B706

06C7 C9

dsc8 FE0O

06CA~GADSOS
06CD 3620
060F 23 N\,
0600 3C
06D OD
05D2 C2C806
06L5 C9

§Co6 1A
0sD7 T7
0s6D8 13
CsD@ 23
c6Da 00
0sDB C2000¢
0sDE C9

REPORT NO, NADC-79240-60

9/29/178

N

tHL = 22.22XSPEED
LXI D,-19333
DAD D
ACHG
LHLD ALT
DAD D
JC T4PTH5
TIPT5:
LXI H,600
SHLD PDRFTM
RET
T4PT5:
i LXI H,180C0
SHLD PDRFTM
RET
$CONVERT ASCII-8 BIT BCD
ASBCD:
MOV ALM
CPI 30H
RC
CPI 3AH
cMC
RC
sOK IF BETWEEN 0,9

SUI
MOV
INX
DCR
JNZ
RET
PREP:
CEI

30H
M, A

H

c
ASBCD

0

JZ PREP2

MV I
INX
INR
DCR
JNZ
RET
PREP23

M,0

VG > K

LDAX D

Hov
INX
INX
DCR
JNZ
RET

CONVERT 8

Wy
INX
CcP 1
JC
POP
JMP
TNTCNT:

M, A
D
i
¢
PREP2

8IT BCD To HEX

“

i

THTCHT

1
|

ATNVENT

-54-
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VKTSK. DEM

06EA
06:C
06EF

06F2
06r3
06F 4
C6F7
06FA

O6FB
Q6FC
06FD
0700
0703

0704
Q7G5
0706

‘0709

Q7cc

070D
C7QE
Q070F
o7t2
0715

0716

0717
0719
Q71A
0718
o71C

QlIE
0721
0724

0727
0729
072C

072F

0731
U733
07306
0739
0738

073E

FEOI
C2F206
111027

7E
23
01E803
CD1607
EB

TE
23
016400
CD1607
EB

1E
23
010ACO
CD1607
EB

TE
23
010100
CDI6oT
ce

EB

FEOO
c8

09

3D
€317017

3EO04
CDO3F8
C3AD0O5

3EO4
CDO3F8
C3FC05

0604 -

OEl4
114242
Co0500
0EOY
118000
CDO5%00

REPORT NO. NADC-79240-60
9/29/718

CPI 1
JNZ THOUS
LXI D, 100C0
THOUS:
HOV A M
INX H
LXI B, 1000
CALL BCDHEX
XCHG
HUNDS 2
MOV A M
INX H
LXI B,100
‘CALL BCDHEX
ACHG
TENS:
MOV AL M
INX H
LXI B,10
CALL BCDHEX
XCHG
UJHITS:
MOV A, H
INX H
LXI B,
CALL BCDHEX
RET

XCHG

CPI O

RZ

DAD B

DCR A

JMP BHLP
AINVENT:

i
s INVALID ALTITUDE ENT=ZRED
;

MVI A,4

CALL OF803H

JMP RDALT
SINVENT:

s INVALID SPEED ENTERED

MVI A,4
CALL OFS803H

JMP RDSPEED
INZDEMO ¢

MVI 8,4
INZDMLP

MVI C,READ

LXI D,FCBDENO

CALL BROS

YVI CyPRIKT

EXI Dy8C

CALL BDOS

-55-
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VRTSK.DEM

0741
0742
Q745

0746
07438
0743
074D
0750
0752
0755

0758
0759

Q75C
075F
0760
0763
0766
0769
076C
0760
076F
0770
oI

. 0772

0773
0776
o779
0.77C

QT7F
0782
0724
0787
0789
c78B
078D
0790
0792
C7¢5
0768
0794
c79D

0%
C23107
co

QEO1
CD0500
FE45
CATFO7
JETF
CDO3rF3
C34607

FB
C35907

2ABA4I
23
22BA4]
318F37
217307
3AF441
4F
0600
(332,

09

09

E9

€3B707
C38FQ7
C38F08
C34504

2103D!
3674
2101D1
3650
36C3
3E!B
cnposov
3EOB
CDDBO7
318F37
304
CDOZF3

3ElB

079F Ci

QrAZ ¢

07 A4
O7AT7
Q749
07AC
C7AE
0781
Q7R84

Q787

REPORT NO. NADC-79240-60

9/29/13

DCR B
JNZ INZDNULP
RET
EJKEY: i
MVI C,CONTII
CALL BDOS
Rl “E4
JZ EJECT
MVI A,7FH
CALL 0OF803H
JMP EJKEY
HAITING:
EF
HERE:
JMP HERE $WAIT FOR INTEZRRUPT
SEQSRT:
LHLD INTCNTR
INX H
SHLD INTCHTR
LXI SP,NEED3D
LXI H,JMPSTRT
LDA SEQINDX
MOV C, A
MVl B,O
DAD
DAD
DAD
PCHL
JMPSTRT:
JMP EJCTRTN
JMP CTPLTRTHN
JMP RKTSzQ
JMP PARSEP

@ W

EJECE S
LXI H,0D103i{
MVI M,74d
LXI H,ODIOTH
MVI M,504
MVI M,0C3H
MVI A, 18H
CALL SIM
MVI A,0BH
CALL SIM
LXI SP,NEED30
MVI A,4
CALL OF803H
MVE A EBSC
CALL OF803il
MV A,7=7
CALL OFa03H
MVI A, 21H
CALL OrF 803t
MVI A, 4T
CALL CF803tl
EXI MO
SHLD INTONTH

PAGE 19
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VRTSK.DEM

C7E9
078BC

Q7BF
07C1
07C4

C7C7
Q7C9
Qice
Q7CE
0701
07D3
0706
Q7D7
C7DA

0708
O7DE

07EQ
O7E1

C7E2
07E5
07:z6
07Es
C7EB
O7EC
O7ED
O7EE

O7EF
0lF2
O07F5

07F8
07FB
O7FE
O7TFF
0802
0804
0807
0809
08cec
080t
C811
0813
08ié

1
38
CSi

O
(9]
J) C

(o
I

€

0821
0524
0827
cezs

CbLC707
C3E207

OEO02
CLC707
€3E207

3EOA
CDO3F8
3ECS8
CDO3F8
3E2A
CDO3F8
oD
C2C197
C9

21ECO7
3630

0/0]
Cc9o

3AF44]
4F
06C0C
21EFO7
09

Q9

09

EQ

C3F807
C32108
C35508

2ABA4]
QIESE
0%
DA1308
3EIB
CLC3F8
3E3D
CLCO3F8
3E21
CDO3F8
3E47
CLO3FS8
C35807

2AGASI
01 ezBFF
0y

DA< 208

9/29/78

REPORT NO., NADC-79240-60

CALL SQUIB
JMP DRIVER

CTPLTRTN:

DRIVER:

DRVRCK:

DRCKA:

S A
Soags

NN Y e
sIVGND

MvI, C,2
CALL SOQUIB
JMP DRIVER

MVI A,0AH
CALL OF803H
MVI A,BS
CALL OF803H
MVI A,LGT
CALL OF803H
DCr C

JNZ 5SQUIB
RET

LXI H,SI¥I
MVI M,304H

NOP
RET

LDA SEQINDX

MOV C, A

MVI B,O

LXI H,DRVRCK
DAD

DAD

DAD

PCHL

[velkvsNus)

JMP DRCKA
JMP DRCKB
JMP DRCKC

LHLD INTCNTR
LXI B,0FFF5H
DAD B

JC ssaB

MVI A, B
CALL OF803H
MVI A,7=’
CALL OF803H
MVI A,21H
CALL OF803H
MVI A,47H
CALL OF803H
JEP WAITING

W A,

StA SEQINUX
JNP WALTING

LHLD INICHTR
LXI 5, 00F 1
DAD 8

~ GQCHY
JEC SSUY

-57-




REPORT NO. NADC-79240-60

VRTSK.DEM 9/29/78

0Ze2 3EIDB MVI A, 184
€320 CDO3F8 CALL 0OF803H
0830 3E3U MVI A,%=’
0832 CDO3FS3 CALL 0OF803H
0835 3E27 MVI A,27H
0837 CDO3F= CALL 0Or803il

0324 3E47
£83C CLOZ3F8

MVI A,4Ti
CALL OF803H

L

c23F C35807 JMP WAITING
ssQc:

0842 2101D1 LXI H,ODIOIH

0845 3688 VI M, 884

0847 3613 MVI M, 13K

0849 3E0i MVI A, 1

0843 32BC4! STA RKTFLG

084E 3C INR A

Q847 32F 441 STA SEQI:DX

0352 €35807 JHP WAITING
DRCKC:

0835 3ABC4I LDA RKTFLG

0258 FEOI CPI |

085A CA7402 JZ ADJCNTR

085D 2ABAs] LHLD INTCHTR

0830 .0143FD LXI B,-600

0863 G9 DAD B

0864 D25807 JNC WAITLIG
SsQD:

0367 3E03 , MVI A,3

03869 32r 44l
36C OED!
086 CDC707
0871 C34504

STA SEQIH{DX
MvI C,1
CALL SQUIB
JMP PARSEP
ADJCMTR:
_LHLD IMTCNIR
SHLD TWNTYFV

0874 2ABA4|
0877 223D41

087A 210005 LEE HyO

0870 223441 SHLD INTCHTR

0880 AF XRA A

088! 323C41 STA RKTFLG

0834 T35807 JMP NAITING
HKFST[‘":

0837 OQOEQZ MVI C,2

0889 CLC707 CALL SQUIB

088C C3E2017 JMP DRIVER
RKTSEQ:

O88F 3A3C4! LDA RKTFLG

¢392 FEOI cel |

Q94 CA&Y0S JZ BKESTH
CKPCEM:

Q897 2ABA4! LHLD INTCNTR

029X 110802 XL Do

caen) TA MOY ALD

gag9k 8C che il

C89¢ CIAYC JNZ [NaA A

Q3. QRO Ml Gyl

Ryt 4% MDY KeL

Cuabd BD Gl L

0SLo CCCTOT CZ sSAUIH

58—
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VRTSK. DEM

0BA9
08AB
08AE
O3Bl

02B4
08B7
0388
08E9
03BA
03B8
C8BC
03BF

.08Co

G8C3
08C4
cec7
0&C8
08C9
08CA
Cc8cCs
oscc
CSCD
OECE
C8CF
08L0
0eD1

08D2
0€D3
CcgC4
08D5
C8D6
08D9
celc
Cc8CD
08EO

C8E3
C8E6
08E°

O8EC
OBEF
O8FO
O8F3

08F6
O8F7
O8FA
08FD
900

Qv0

oL04
0905
903
0903
090k

3206

010000
21C341
228041

248241
09
03
5E
23
56
2AB041
F9o
210200
39
223041
2B
2B
0%
03
F9Q
E3
19

C2B408
2AB241
09

22B241
318F37

CDEcCoS8
CDB609
C3E207

210000
39

22Fc41
31C641

DI

2AEA4 |
CD7BO9
22EAd |
32CD41
D1

D}

2AEC4]
CL7R09
2EC41
2DE4Y

2
3

9/29/78

REPORT NO. NADC-79240-60

INRATDTA:

INLOOPS

RKTCONT ¢

RESID:

MVI A,6

LXI B,O

LXI H,4123H
SHLD VSINP

LHLD VSPTR
DAD B

INX B

MOV E, M
INX H

MOV D, M
LHLD vSinp
SPHL

LXT Hy2
DAD sP
SHLD VSINP
DCX H

DCX H

DAD B

INX B

SPHL

ATHL

DAD D

XCHG

XEHLE

INX H

INX H

MOV M,E
INX H

MOV M,D
DCR A

JNZ INLOGOP
LHLD VSPTR
DAD B

SHLD VSPTR
LXI SP,HEED30

CALL UPDAT
CALL CNTRLAW
JMP DRIVER

LXI H,0

DAD sP

SHLD SAVE
LXI SP,YSUMI

POP D

LHLD YAWR

CALL UPLOG
SHLD YANR

STA YAINC

POd D

PORP D

LHLD PICIR
CALL, UPEDG
SHLYD pPieHi
STA PCINC

=B0w

RPARGE 22




VRTSK. DEM

0911
C»12
0913
n21é
0919
o91tcC
0?1F
0922
0223
0924
0927
0923
0929
092C
072D
C930
0?33
0934
0932
0236
ce37
0234
0238
093C
C?3F
0940
o4
0946
09 49
094A
0943
094C
094D
0950
0953
0954
0955
0956
0957
C95A
G955
09:zC
095F
0960
0963
0965
)$68
0989
C»aC

0%06F

.
far oy >
@ 4w
YA
SO
Foe?y S
U §

OV 74

ov /8

D1
Dl
2AEE4 ]
CD7809
22EE41
32DF41
31E241
Cl
=
3ADD4 1
2F
3€-
CD?D09
E3
3ADEA4I
CD9DO9
E3
ES
€]
El
3ADF41
2P
3€
CD9DO?
ES
2AE24]
3ADD4 1
CD9D09
C5
E3
DI
gl
3ADF41
C29D09
c5
38
38
EJ
3ADE4I
28
3C
CD9DbO9

~dDm
) = N
s

OwuLwwOTIWI
W—=MNCGN =Y
o
O

T m
O rPoWwm
(5 N S 58
(AI — —

= ) T

» 'S
-

-

i
i
(2 2N ¥

<P MRS Lo
e WG G

O

9/29/18

UPDON ¢

UPLOG s

REPORT NO. NADC-79240-6C

pPoP D

POP D
LHLD ROLLR
CALL UPLOG
SHLD ROLLR
STA RLINC
LXI SP,D31
POP B

POP H

LDA YAINC
CMA

INR A

CALL INDIS
XTHL

LDA PCINC
CALL INDIS
XTHL

PUSH H

POP B

POP H

LDA RLINC
CMA

INR A

CALL INDIS
PUSH H
LHLD D31
LDA YAINC
CALL INDIS
PUSH B
XTHL

PoP D

POP B

LDA RLINC
CALL INDIS
PUSH B

DCX SP

DCX SP
XTHL

LDA PCINC
CMA

INR A

CALL  INDIS
PUSH H

LDA TOGGL
CPI 1

JNC UPDON
INR A

STA TOSGL
LXI Sb,YSUM2
JMP RESID

RA A

STA TOGSL
LHLD SAVe
SPHL

RET

DAD D
-60-

PAGL 23
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VRTSK . DEM

097C
097E
097F
0920
0283
09286
ce87
0989
0982A
01°2/6
098D
098E
093F

0920
0993
0994
G996
0997
099¢
CG9A
0993
0¢sC

C99D
QG9F
Q9A0
0941
09 A4
C9A

09A6
09 A7
09A9
09AC
0% AE
OF AF
0$BO

CcoBl
09B3
c934
0985

09B6
0989
09BA
098D
0°COo

(015 02/

02C3
JPC6
0%C7
028
GSCA

ceCh

3E80
A4

kB
C29009
2AF241
i9
320
A4
3E01
c3

EB

AF
co -

2AF041
19
3E80
A4
3EEE
CO

EB

‘AF

co

FE20
ce
78
F24609
2F
3C

SF
Es80
F2B109
16FF
19

19

co

1600
19
19
CY

3AE741
I
DACEO?
3AE341
EEIN
&7

3ALE541
25

- e

C3050A

REFORT NO. NADC-79240-60

9/29/78

MY I A,80d

AMA H

XCHG

JNZ NEGRS

LHLD QNEG

DAD D

MVI A,80H

ANA H

MVI A,

RZ

XCHG

ARA A

RET
HEGRS:

LHLD QPOS

LAD D

MVI A,8CH

ANA H

4VI A,OFFH

RNZ

XCHG

XRA A

RET
INDIS:

CPI O

RZ

MOV A,B

JP LABEL

CMA

INR A
LABEL:

MOV E, A

ANI 80d

JP POSBY

MVI D,0FFH

DAD D

DAD D

RET
POSBY:

"'lIVI D'o

DAD D

DAD D

RET
CNTRLAW:

LDA D33+

RAL

JC D3sL0

LDA D31+!

XRI 7FH

MOV 4, A

o

NEG!

EDA D32+1

CMA

INR A

NRL TR

MOV LA

JRP oUTRIT
D33L0Os

gl
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VRTSi . DEM

Q9CE
0901

0904
09D5
090¢
0909
c9LC
090D
0%E0
0%9E2
O%E3
09c4
09E5
C9E7
09ES
09EB
09ED
O2EE

C?F1
Q9F3
09F4
09F5
09F6
OSF8
OSF9
COFC
OSFE
Q9 FF
0A02
0AQ4

QA0S
0408
04072
OACA
OACS
OAQC
0AOD
0410
CAIl3
0A15
QAlS8
OI‘\ } 9
OATA
OAIB
OAlC
OALE
0421

iile

38O
ra
1

OcC
T Se e Zn %,
N

mo —=—0 —mw

3AE34 )
CcD3704
ar

5A
3AES4]
CD370A
B?
D2F109
3E7F
91

4F

18
FEB0
79
CC420A
EETF
67
C3C30%

3ETF
90

47

TA
FEEO
18
C4420A
EETF
6F
3AZ341
EETGE
87

E3
2AFA41
73

23

Te

23
22FA41
21241
1600
3AF841
5F

19

SC

I [
FEOS
DA220A

AF

rno
n

(o4}

s

) N>=

e 4
N Jze L

joy)

9/29/7¢

D32Gs

OUTPUT:

LABEL2:

“ MOV

REPORT NO, NADC=-/Y24U-bU

LDA D31 +1
CALL ABS
MOV C,A
Mov E,D
LDA D32+1
CALL ABS
CMP C

JNC D32G
MVI A,7FH
SuB C
MoV C
MOV A
CPI 8
MOV A

XRI 7FH
MOV H, A
JMP NEGD2

MVI A,7FH
SUB
Mov

Q- =

CP1
MOV
CNZ
XRI
Mov
LDA
XRI
MOV

L U)o O >

ITNOMNO>» 0>»ww
+

STTmde M-
3 L — >

XCHG

LHLD: SCPTR
MOV M, E
INX H

MOV M,D
INX H
SHLD SCPTR
LXI H,D31
VI D,0
LDA DCCT
MOV E, A
DAD D

INR A

INR A

CEL >

JC LABEL2
XRA A

STA DCCT
XCHG
[LDAX D
MOV L, A
INX D
LDAX D
MOV H, A
XCHG
afe
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0A2C 2AFC41

REPORT NO. NADC-79240-60

LHLD TLMPTR

OA2F 73 MOV M, E
QA30 23 INX H
0A31l 72 MOV M,D
0A32 23 INX ‘H
0A33 22FCa4al SHLD TLMPTR
0A36 C9 RET
ABS:
OA37 47 MOV B, A
0A38 3E80 MVI A,804
0A3A AO ANA B
0A3B 57 MOV D, A
0A3C 78 MOV A,B
QA3D FO ]P
OA3E 2F CMA
QA3F 2C INR A
0A40 47 MOV B, A
0A41 C9 RET
CHS:
0442 2F CMA
0A43 3C INR A
0A44 C9 RET
PARSEP:
CA45 2ABA41 - LHLD INTCNTR
QA48 EB XCHG
0A49 2AB441 LHLD PDRFTM
0A4C 7C MOV A,H
0A4D BA CMP D
QA4E (C25807 JNZ WAITING
QAS1 7D MOV A,L
0A52 BB CMP E
OAS3 C25807 JNZ WAITING
0A56 QEOQ2 MVI €2
0AS8 CDCI07 CALL SQUIB
FINISHUP:

]
s DISABLE TIMERS AND
s+ DISPLAY INITIAL AND FINAL ORIENTATION

QA58 3EIF

OASD CDDEO7

OA60 318r37

0A63 119542

QA5 QEO9

0A68 CDC500

0AG6B 218442

QA6E 3631
FINLP:

CA70 217F0A

0A73 34

OAT74 3EIB

0A76 CCO2FS

0A79 3E3D

OA7B CDO3F3

OA7E 3E31I ROWS

OAED CDO3F3

OAS3 3E37

OAS5> CDO3F38

v
MVI A, IFH
CALL SIM

LXI SP,NEED30
LXI D,FDISPI
MVI C,PRINT
CALL BDOS
LXI H,FCNT
MVI M,31d

LXI H,rROW+1
INR M

MVI A, 1BH
CALL OF803H
MVl A,7=7
CALL OFS803d
MVI A,31IH
CALL OFB803H
MVI A,37H
CALL. OP85J3H

PAGLE: 26
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VRTSK.Dch

0483
QAESB
OAZC
QARF
QA%0
0A23
0A95
0A93
CAGY
GAQA

PY
QAGC

OASF
0AAC
QAAl
CAA2
0AA3
QAASL
0AAS
CAA7
0AA
0AAC
0AAD
CAAE
OAAF
0AZ0
CABlI

213442
e
218742
i
21E241
FE3]
CAATQA
23

23
Fe32
CAAIOQA
23

29

3E

23

36
3EE0
A2
3E20
F2850A
TA

2F

57

73

2F

13
3e2D

323842
EB

22C737
21EB03
22C137
CD9403
2AC137
220037
2AC337
220237
210040
22D437
210060
220637

} CD7EQ4

2AD837
0118FC
09
DA2CO3
SE30
328742
Ot LSS
)

1135400
01y CFF
SE30

Co3408

E 3264

9/29/18

FCONT1:

FCONT2:

FCONT 3¢

REPORT NO. NADC-79240-60

LXI H,FCHT

MOV AGM
LXI H,FDISP+2
MOV M, A
LAI H,D3l
CRL 3IH
JZ FCONTI
INX H

INX H

CPI 32H
JZ FCONT!
INX H

INX H

MOV E, i
INX H

MOV DM
MVI A,30H
ANA D

MVE A, % 4
JP FCONT2
gov A,D
CMA

MOV D, A
MOV A, E
Ci{A

MOV E, A
INX D

MVI A,,_,

STA FDISP+6
XCHG

SHLD MLTP1
LXI H, 1000
SHLD MLTP2
CALL MULT
LHLD ANSL
SHLD DVMDL
LHLD ANSH
SHLD DYVND
LXI H,4000ii
SHLD DVSRL
LXI H,0
SHLD DVSR.
CALL BDIVIDE
LHLD QUOTL
DAD B

JC ONzPT

MV I 577G
STA FOUISP#T
LXI 541000
DAD

T

P C

LXI D, 120
L;’\I “:'-l'.\’:)
MVI A, 300
CALL Hi0A
STA FDIsPey  =04=

PAGE 27



.

\v

VRTSK. DEM

CBO1 110A00
0BO4 OIlFoFF
OBO7 3E30
0B0O9 CD340B
OBOC 328F42
0BOF 7D
0B1C C630
OB12 329042
0B15 OEQ9
OB17 118542
CB1A CDO500
OB1D 3A8442
0B20 3C
0B21 FE34
CB23 CA0OCCO
0B26 328442
0B29 C37C0A
0B2C 3E31
0B2E 328C42
CB31 C3F30A
0B34 09
0B35 3C
CB36 DA340B
CB39 19
OB3A 23D
0B33 C9

CB3C 216342
0B3F 3600
CB41 0iCCCO
0B44 09
0B45 1615

0B47 36C0
0B49 23
0B4A 15
0B4B C24703B
OB4E 116342
0B51 OEQOF
CB53 CLC0500
0856 116342
0B59 0OEl4
OB5B CDOESCO
OB5E 118C00
0B61 OEO09
0B63 CDO500

0Bs66 OECI
0B68 CLO500
0868 320642

OB6E FE3I
0B70 CA3COB
OB13 FE32
0B7S5 CAAS0OB
(B78 3e04
0B7A CDO3F3

0B70 C3060608

REPORT NO. NADC-79240-60
9/29/78

LXI D,10
LXI B,=10
MVI A,30H
CALL HTOA
STA FDISP+10
MOV A,L
ADI 30H
STA FDISP+11
MVI C,9
LXI D,FDISP
CALL BDOS
LDA FCNT
INR A
CRI 34H -
JZ 0O
STA FCNT
JUP FINLP
ONEPT: MVI A,”717
STA FDISP+7
JMP FCONT3
HTOA: DAD B
INR A
JC HTOA
.DAD D
DCR A
RED
CHOICE:
LXI H
MVI M
LXI B
DAD B
MvVI D,

C8MENU

—- O

v 12
21
CHLP:
MVI
INX
DCR
JNZ CHLP
LXI D,EFCBMENU
MVI C,OPEN
CALL BDOS
LXI D,FCBMENU
MVI C,READ
CALL BDOS
LXI D,80H
MVI C,PRINT
CALL BDOS
GETISTN:
MVI C,CONIN
CALL BDOS
STA FCBRD1+06
CPT 31K
JZ. TEST]
cPl 32H
JZ TkST2
MVT Ay
CALL OF803H
JMP GETTOTN

(@)

S =
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VRTSK.DEM

0880
0B83
QB35
0B&9
oBaC
OES8F
0B91
0B94
0897
CB9A
089D
08A0
CBAl
0B8A4

0BAS
OBA3
0BAB
OBAE
0BBI
0BB4
0886
0BBE9
0BBC
0BBF
cBC2
0BC5
0BCé¢
03BC?

0iC
0005
Qo110
0caOl
0002
0008
Co13
COtF
co20
0021
Co1B
Cot?
Ccoo7
co22
00D
000A
0005
0,03 Jfo!
€023
O00F
Q01e
(010,00
0O
Cotvy
oot
¢O0kE
2

QO1A

210000
22E241
22E641
210040
22E441
3E30
32C742
32C942
32D442
32DD42
32DF42
3C
32D242
C9o

210000
22E24]
22E441
210040
22E641
3E30
32C742
32Cv42
32D242
320442
32DF42
3C
32DD42
€9

I L N T S T T T R 1 I 1}

[ L {1 A | ({1

9/29/18

REFORT NO. NADC-79240-60

SYS. CALL PRMTRS,

LXI H,0
SHLD D31
SHLD D33
LXI H,4000d
SHLD D32
MVI A,30
STA FDISP1+50
STA FDISPI1+52
STA FDISP1+63
STA FDISP1+72
STA FDISPI1+74
INR A
STA FDISP1+61
RET
TEST2:
LXI H,0
SHLD D31
SHLD D32
LXI H,4000H
SHLD D33
MVI A,30H
STA FDISP1+50
STA EDISP1+52
" STA FDISP|+6!
STA FDISP1+63
STA FDISP1+74
INR A
STA FDISPI+72
RET
s INITIALIZE
ASSDRV: EQU 28
BDOS: EQY 5
CLOSE: EQU lé
CONIN: EQU 1
CONOUT: EQU 2
CONRDY: EQU 11
DELETE? EQU 19
DRVIN: EQU 31
DRVOUT: EQU 32
ERMSG: EQU 33
GETALO: EQU 27
GETCUR: EQU 25
GETIOB: EQU 7 -
GETVCB: EQU 34
INIT: EQt 13
INLINE: EQU 10
LISTs EQU 5
MAKE: EQU 22
MOUNT: EQU 35
OPEN: EQU 15
PHYDRV: EQU 30
PRINT: EQU 9
READ: Edy 29
RENAMES EQU 23
SEARCH: EQU 17
SELECT® EQU 14
SERCHMN: QU 13
SETBUF: EQU 20
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noes
Co1D
15

378F
3600
367A
36F4
42EO
4AE2
4AE4
37F6
JICF
co1B
coos
CO2A
37C0
37CO
Jict

37Cl

37C1

371C3
37C5
3LCH
37C9
37CF
31€R
37D0
37D2
37D4
37D6
37D8
37DA
37D0C
37DE
37E2
37E2
37E4
37E6

T T A (O T T T L T 1

W
()

YRTSK.CEM

9729718

REPORT NO. NADC-79240-60

EQU 37CFH

SETIOB: EQU 8
UNMONT: kEQU 2¢
ARITE: EQU 21
$END SYS.PRMTKS.
NEED30: EQU 378FH
BEGYIP: EQU 3600d
BEGPIP: EQU 367AH
BEGRIP: EQU 36F4H
YRDATA: EQU 4AEQH
PRDATA: EQU 4AE24
RRDATA: EQU 4AE4H
LIJUNK: EQU 37F¢H
SCRATCH:
ESC: EQU IBH
BS: EQU 8
LGT: EQU 2AH

ORG 37COH
CNT:s DS 1
ANSL: pS 2

ORG 37C1H
MLTP2: DS 2
ANSHs BS=2
CARYSV: DS 2
MLTP1: DS 2
MSVSP: DS 2

ORG 37CFd
SIGN: BS |
DVNDL: DS 2
DVNDM: DS 2
DVSRL: DS 2
DVSRM: DS 2
QUOTL: DS 2
QUOTM: DS 2
REML: DS 2
REMM: DS 2

ORG 37E2H
MOVPTR: DS 2
FiIMFO: DS 2
TMPSP:s DS 2
STRLOC: DBS 2
STRTPT: DS 2
ALST: pS 2
AMST: ps 2
CIR20t DS 1|
CTR60: DS |
[VAL: DS 2
XZERQ: DS 2
LISvspPs DS 2
FZEROs DS 2
FONE: DS 2
FOXILE DS &
FOXi#s 0S5 2

QRO 41004
INBUFs UB 80

LS 1

DS 80

0ORG 4150CH
vSilPs LS 4

“§=
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REPCRT NO. NADC-79240-60

4182 VSPTR: DS 2

4184 PDRFTM: DS 2

4186 ALT: DS 2

4188 SPEED: DS 2

41 BA INTCNTR s DS 2

4}1BC RKTFLGC: DS |

418D TWNTYFV: DS 2

a1Cé 0ORG 41C6H

41C6 YSuMis DS 2

41CA ORG 41CAH

41CA PSUMl: DS 2

41CE ORG 41CEH

41CE : RSUMIs DS 2

4102 ORG 41D2d

4102 YSuM2: DS 2

41D% ORG 41D6H

41D6 PSUM2: DS 2

4iDA ORG 41DAH

41Da RSUM2: DS 2

410D ORG 41 DDH

41pn YAINC: DS |

41DE PCINC: DS |

41D0F RLINC: DS |

4122 - ORG 41E2d

4182 D31 DS 2

AYE4 D32: DS 2

4126 D33: DS 2

41zA ORG 41EAA

4iEA YAWR: BS! 2

41 zC PICHR: DS 2

41EE ROLLR: DS 2

4iF0 ORG 41FOA

41FC QPOS: BS 2

4iF2 QNEG: S 2

41F4 SEQINDX: DS 1

41F5 TOGGL: DS |

. 41F6 SAVE: DS 2

41F8 DCCT: ps 2

<l FA SCPTR: DS 2

41 FC TLMPTR: DS 2

4200 ORG 4200H

4200 FCBRD1: DS |

4201 5244415441 D8 “RDATA1 DAT”

420C DS 21

422} FCBDRFTM: DS |

4222 445246544D DB #/DRFTIMSG TXT~”

422D DS 21

4242 FCBDEMO: DS 1

4243 44454D4F44 DB /DEMODSP TXT~

4242 DS 21
FCBMENU:

3253 s

404 4D454E554D D8 ZMENUMSG TXT”

L2061 Us 21

4284 FCNT: ey

5255 444320203DEDLISIYe DR Z2DC = v v

41292 QAOC D3 OAH, OCH

4294 24 DB 4”7

=GB
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4295
4298
42AB
42AF
42C0
42C1

42CA
42CC
4205
42D7
42E0
42E1

OAQAQOD
494E495 449
20202020
46494E414C
oD
444331203D
0AOD
444332203D
OAOD
444333203D
24

FDISP s

REPORT NO. NADC-79240-60

DB
DB
nB
8
DB
DB
DB
DB
DB
DB
DB

OAH, OAH, ODH

ZIMITIAL ORITENTATION”
V4 V4

ZEINAL ORIENTATIONZ
ODH

spC1 = 0.07

OAH, ODH

+0Hc2 = 1.0

0OAH, ODH

“0OC3 = 0.07

Isl

END 100H

-69-
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4.2 TFLOW DIAGRAMS
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REPORT NO. NADC-79240-60

INITIALIZE

UNTIL PILOT EJECTS

PROCESS EJECTION FUNCTIONS

DISPLAY: 1. DISPIAY INITIAL ORIENTATION
2. DISPLAY FINAL ORIENTATION

«?]=




REPORT NO. NADC-79240-60

INITIALIZE:

SET UP LOCATION 3CH TO HANDLE TIMER INTERRUPTS

INITIALIZE (RESET) SYSTEM TIMERS

INITIALIZE CRT

DETERMINE WHICH TEST IS TO BE RUN AND SET UP APPROPRIATE:

1. INITIAL ORIENTATION OF SEAT/OCCUPANT SYSTEM AT EJECTION
2. 'INITIAL ORIENTATION MESSAGE'
3. RATE DATA FILE TO BE READ

INITIALIZE DISK FILE CONTROL BLOCKS AND OPEN DISK FILES

INITIALIZE PROGRAM VARIAELES

INITIALIZE RATE DATA

DETERMINE TIME OF PARACHUTE DISREEFING/SEAT/OCCUPANT SEPARATION

RE-INITIALIZE CRT

DISPLAY EJECTION FUNCTIONS ON CRT

72




REPORT NO. NADC-79240-60

PROCESS EJECTION FUNCTIONS

INITIATE EJECTION

UNTIL SEAT/OCCUPANT SEPARATION

PROCESS SEQUENCER

UNTIL TIMER INTERRUPT

p5<r<

S CASE I OF TIME
ISP . <M <D.05
EXECUTE
SEQUENCE
A EXECUTE EXECUTE
SEQUENCE SEQUENCE
B ¢
|

SEQUENCE

B

9.05




REPORT NO. NADC-79240-60

INITIATE EJECTION

SET SYSTEM TIMER Tl TO GENERATE AN INTERRUPT EVERY 25 MS

DELETE BOTTOM LINE FROM CRT

POSITION CURSOR ON CRT (ROW 2, COLUMN 40)

CLEAR INTERRUPT COUNTER

EXECUTE SEQUENCE A

", .




REPORT NO. NADC-79240-60

PROCESS SEQUENCER

A CASE I OF PREVIOUS SEQUENCE EXECUTED

CASE I OF TDME

OF NEXT IN- B c
TERRUPT

Z CASE I OF TDE OF WS C JUST EXECU=)
b EH INTERRUPT // FOR 1ST /

: 2 TIME?
REPOSITIQYSET SE-  |T < -55 T 55| ¥

CURSOR TO /QUENCE PTS ;
ROW 2 |FOR SE- |REPOSITION  |SET TIMER TO |CLEAR 1ST [\ASE T OF)
COLUMN 40 |QUENCE B |CURSOR TO |GENERATE INT | TDME FIAG | V' SF F
ROW 8 EVERY 2.5 MS NEXT
COLUMN 40 t<
SET FIAG FOR |SAVE # OF |2.0
1ST TME IN |25 MS IN-
SEQUENCE C TERRUPTS

SET SEQUENCE |CLEAR INT.
POINTER FOR CNTR TO
SEQUENCE C BEGIN

OF 2.5
MS INTER-

e



REPORT NO. NADC-79240-60

EXECUTE SEQUENCE A

UNTIL 6 SQUIBS HAVE BEEN FIRED

'FIRE SQUIB' (SEND 3 CHARACTER SEQUENCE - 1f,
bs,* TO CRT)

-7 6=




REPORT NO. NADC-79240-60

EXECUTE SEQUENCE B

UNTIL 2 SQUIBS HAVE BEEN FIRED

'FIRE SQUIB' (SEND 3 CHARACTER SEQUENCE -~ 1f,
bs, * TO CRT)

=Tl




REPORT NO. NADC-79240-60

EXECUTE SEQUENCE C

RKTSEQ:
IS THIS THE FIRST TIME THIS ROUTINE'S
BEEN CALLED?
M N
IGNITE FIRE PCEM
ROCKET
INPUT RATE DATA
INTEGRATE RATE DATA
INDICATE UPDATE DIRECTION COSINES
BEGINNING
OF VERTICAL
SEEKING MANEUVER
ON CRT
CALCUIATE ROCKET COMMANDS
. OUTPUT GIMBALLING COMMANDS
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REPORT NO. NADC-79240-60

EXECUTE SEQUENCE D

PARSEP:

ELAPSED TIME T = PREDETERMINED TIME FOR SEQUENCE D
EXECUTION?

UNTIL 2 SQUIBS HAVE BEEN FIRED

'FIRE SQUIB' (SEND 3 CHARACTERS
SEQUENCE 1f, bs, *, TO CRT)

-7 9-
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4.3 Program Variables

ALT: The address of the first of two consecutive bytes of memory
in which the binary representation of the altitude at the
time of ejection is stored after being converted from ASCII.

ALST: The address of the first of 2 consecutive bytes of memory in
which the ILST 2 bytes of the 4 byte value corresponding to
(fo%1 - £1%5) in the linear interpolation formula are stored.

AMST: The address of the first of 2 consecutive bytes of memory ia
which the MST 2 bytes of the 4 byte value corresponding to
foxl - flxo in the linear interpolation formula are stored.

ANSL: The address of the first of 2 consecutive bytes of memory
in which the LST 2 bytes of the 4 byte product calculated
in the subroutine MULTIPLY are stored. This parameter is
returned to the CALLing routine.

ANSM: The address of the first of 2 consecutive bytes of memory in
which the MST 2 bytes of the 4 byte product calculated in the
subroutine MULTIPLY are stored. This parameter is returned

BS: The 8 bit code (00001000=08H) which causes the display cursor
to move non—destructively to the left one position.

CARYSV: The address of the first of 2 consecutive bytes of memory
used in the MULTIPLY subroutine to save the carry bits pro-
duced by adding, 'column by colum', three 16 bit binary
nubers. (See discussion of multiplication algorithm.)

CNT: The address of the byte of memory used to count 16 passes
through the multiplication loop.

CTR20: The address of a byte of memory used in the linear interpolation
subroutine as a counter to generate 20 data points for each set
of interpolating points.

CTR60: The address of a byte of memory used as a counter to make 60
passes through the linear interpolation subroutine each time
it is called. (Note: One pass generates 20 data points
(including the interpolating points) X 60 passes = 1200
points generated by each CALL.)

DCCT: The address of a byte of memory used to keep track of which of

the three direction cosines is to be output to the telemetry
package. (One of the three is output every 2.5 ms.)

—80_




REPORT NO. NADC-79240-60

DVNDL: The address of the first of two consecutive bytes of memory
containing the LST 2 bytes of the 4 byte dividend passed to
the subroutine DIVIDE.

DVNDM: The address of the first of two consecutive bytes of memory

containing the MST 2 bytes of the 4 byte dividend, passed
to the subroutine DIVIDE.

DVSRL: The address of the first of two consecutive bytes of memory
containing the LST 2 bytes of the 4 byte divisor, passed
to the subroutine DIVIDE.

DVSRM: The address of the first of two consecutive bytes of memory
containing the MST 2 bytes of the 4 byte divisor, which is
one of the two parameters passed to the subroutine DIVIDE.

D31: The address of the first of two consecutive bytes of memory
containing the 16 bit direction cosine of the angle from
the X-axis to the vertical.

D32: The address of the first of two consecutive bytes of memory
containing the 16 bit direction cosine of the angle fram the
Y-axis to the vertical.

D33: The address of the first of two consecutive bytes of memory
containing the 16 bit direction cosine of the angle fram
the Z-axis to the vertical.

ESC: The 8-bit code (00011011 =1B;¢) representing the ESCAPE
character which is the first character of any ESCAPE sequence
sent to the display. (These sequences provide mode control
and same cursor control.)

FCBEDEMO: The address of the 33 byte buffer defining the file control
block for the disk file DEMOMSG.TXT, required for disk I/0
urder BDOS.

FCEDRFTM: The address of the 33 byte buffer defining the file control
block for the disk file DRFTMSG.TXT, required for disk I/0
under EBDOS.

FCBMENU: The address of the 33 byte buffer defining the file control
block for the disk file MENUMSG.TXT, required for disk I/O
urder BDOS.

FCERD1: The address of the 33 byte buffer defining the file control
block for either the disk file RDATAL.DAT or RDATA2.DAT,

required for disk I/O under BDOS.



FOX1L:

FOXIM:

FIMFO:

LISVSP:

MLTP1:

MLTP2:

REPORT NO. NADC-79240-60

The address of the first of two consecutive bytes of memory
in which the value corresponding to f; in the linear inter-
polation formula is temporarily stored.

The address of the first of two consecutive bytes of memory
in which the value corresponding to f5 in the linear inter-
polation formula is temporarily stored.

The address of the first of two consecutive bytes of memory
in which the LST 2 bytes of the 4 byte value corresponding
to (fox;) in the linear interpolation formula are stored.

The address of the first of two consecutive bytes of memory
in which the MST 2 bytes of the 4 byte value corresponding
to (foxl) in the linear interpolation formula are stored.

The address of the first of two consecutive bytes of memory
in which the value corresponding to (£1-f5) in the linear
interpolation formula is stored.

The address of an 82 byte buffer required for CRT input
under BDCS.

The address of the first of two consecutive bytes of memory
used to count the number of timer interrupts in order to
calculate elapsed time since ejection.

The address of the first of two consecutive bytes of memory
containing the value corresponding to xX; in the linear inter-
polation formula.

The 8-bit code (00001010 = QAH) which causes the cursor to
move cne line down in the same colum position (LINE FEED) .

The 8-bit code (00101010 = 2AH) which causes the character
'*' to0 be displayed on the CRT.

The address of the first of 2 consecutive bytes of memory
used to save the stack pointer at the beginning of the linear
interpolation subroutine for correct return when dcne.

The address of the first of two consecutive bytes of memory
in which the multiplicand (one of two parameters passed to
the subroutine MULTIPLY) is stored.

The address of the first of two consecutive bytes of memory
in which the multiplier (one of two parameters passed to the
subroutine MULTIPLY) is stored.

The address of the first of two consecutive bytes of memory

used to save the stack pointer at the beginning of the
MULTIPLY subroutine for correct return when done.
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The address of the first of two consecutive bytes of memory
used as a pointer to move each record of the rate data file
into the proper area of memory as it is read from the disk.

The address of the first of thirty consecutive bytes of
memory to which the stack pointer must be set before CALLing
the subroutine in the VIOROM (at memory location F803) which
displays the character in the accumlator).

The address of the byte of memory used as a flag to control
Ay in implementing the Crowder Hession Update Algorithm.
Its value is determined by pitch rate data.

The address of the first of two consecutive bytes of memory
in which the calculated parachute disreefing item is stored.

The address of the first of two consecutive bytes of memory
used to save the sum required in order to use the trapezoid
rule to integrate pitch rate data (see detailed discussion
of trapezoidal rule).

The address of the first of two consecutive bytes of memory
used in the implementation of the trapezoid rule, which
contain, at any given time during the vertical seeking
maneuver, the partial sum of pitch rate data whose value
at time t is defined as:

at t=2.5 Psmﬂ"‘”qt-l.zs)

t £=5.0, 7.5...1500 PSUM-
o N P

(where t = number of elapsed milliseconds since the beginning
of the vertical seeking maneuver).

The address of the first of two consecutive bytes of memory
used in basically the same way as PSUMl, whose value at time
t is defined as:

at t=2.5 PSUM2=(0+q,.)

at 5.0, 7.5...1500 PSlM2=(qt_2.5+qt_l.25)
The address of the first of two consecutive bytes of memory
containing the binary value corresponding to the quantity in
the trapezoidal rule (see detailed discussion).

=-(2A/4h) = -0QC0y = !?340H
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The address of the first of two consecutive bytes of memory
containing the binary value corresponding to the quantity in
the trapezoidal rule (see detailed discussion).

2A/Ah =(]]33H

The address of the first of two consecutive bytes of memory
containing the LST 2 bytes of the 4 byte quotient calculated
in the subroutine DIVIDE. This parameter is passed to the
CALLing routine.

The address of the first of two consecutive bytes of memory
containing the MST 2 bytes of the 4 byte quotient calculated
in the subroutine DIVIDE. This parameter is passed to the
CALLing routine.

The address of the first of two consectuive bytes of memory
used in the subroutine DIVIDE for temporary storage of the
IST 2 bytes of the 4 byte dividend, updated with each pass
through the divide loop.

The address of the first of two consecutive bytes of memory
used in the subroutine DIVIDE for temporarily storing the
MST 2 bytes of the 4 byte dividend updated with each pass
through the divide loop.

The address of a byte of memory used as a flag word to indicate
when sequence C is being executed for the first time.

The address of the byte of memory used as a flag to control
AOx in implementing the Crowder Hession Direction Cosine
Update Algorithm. Its value is determined by roll rate data.

The address of the first of two consecutive bytes of memory
used to save the sum required in order to use the trapezoid
rule to integrate roll rate data. (See detailed discussion
of trapezoid rule.)

The address of the first of two consecutive bytes of memory
used in the implementation of the trapezoid rule, which
contain, at a given time during the vertical seeking maneuver
the partial sum of roll rate data whose value at time t is
defined as:

at t=2.5 RSUM1= (0+p, _

1.25
at £=5.0, 7.5,...1500 RSMI=(p,_; .0, ) ,c)

where t = number of elapsed milliseconds since the beginning
of the vertical seeking maneuver).
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RSUM2: The address of the first of two consecutive bytes of memory
used in basically the same way as RSUMl, whose value at
time t is defined as:

at t = 2.5 RSUM2= (0+p,.)
at t = 5.0, 7.5...1500 RSUM2=(pt_2.5+pt)
SAVE: The address of the first of two consecutive bytes of memory

used to save the stack pointer at the beginning of the cosine
update subroutine for correct return when done.

SCPTR: The address of the first of two consecutive bytes of memory
used as a pointer to the block of memory (locations 3800H
to 3CAFH) in which the rocket gimballing cammands are stored.

SCRATCH: The address of the first of two consecutive bytes of memory
used to save the return address for correct return from the
MULTTIPLY subroutine when CALLed by the linear interpolation
subroutine (LINT).

SEQINDX: The address of the byte of memory which determines to which of
4 sequences control of the program is passed.

SIGN: The address of the byte of memory used to keep track of the
correct sign of the product calculated in the MULTIPLY
subroutine or of the quotient calculated by the DIVIDE
subroutine.

SPEED: The address of the first of two consecutive bytes of memory
in which the hexadecimal representation of the speed of the
pilot at ejection is stored.

STRICC: The address of the first of two consecutive bytes of memory
passed as a parameter to the linear interpolation subroutine
which designates the beginning of one of three blocks of
memory in which interpolated rate data is to be stored.

STRTPT: The address of the first of two consecutive bytes of memory
passed as a parameter to the linear interpolation subroutine
which designates the beginning of one of three blocks of
memory containing 60 interpolating points.

TIMPTR: The address of the first of two consecutive bytes of memory
designating where within a block of memory (locations 3CBOH
to 414FH) telemetry output data is to be stored.

TMPSP: The address of the first of two consecutive bytes of memory

used to save the contents of the stack pointer before
CALLing the subroutine MULTIPLY.
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The address of a byte of memory used to keep track of which
of the two passes through the cosine update routine that
take place every 2.5 ms., the current pass is,

The address of the first of two consecutive bytes of memory
used to save the number of 25 ms interrupts received.

The address of the first of two consecutive bytes of memory
used as a pointer within a 12 byte block of rate data.

The address of the first of two consecutive bytes of memory
used as a pointer within the block of memory containing all
of the rate data for the current vertical seeking maneuver
to designate the 12 bytes of rate data which will be input
with the next timer internupts.

The address of the first of two consecutive bytes of memory
in which the value corresponding to X in the linear inter-
polation formula is temporarily stored.

The address of the byte of memory used as a flag to control
40z in implementing the Crowder-Hession Cosine Update
Algorithm. Its value is determined by yaw rate data.

The address of the first of two consecutive bytes of memory
used to save the sum required in order to use the trapezoidal
rule to integrate yaw rate data. (See detailed discussion
of trapezoidal rule).

The address of the first of two consecutive bytes of memory
used in the implementation cf the trapezoid rule, which
contain, at any given time during the vertical seeking
maneuver, the partial sum of yaw rate data and whose value
at time t is defined as:

at t=2.5 ¥YSWML=(0+ry _; og)

at t=5.0, 7.5...1500 YSUMl=(r,_; 75*tr )

t-1-25
(where t = number of elapsed milliseconds since the
beginning of the vertical seeking maneuver.)

The address of the first of two consecutive bytes of memory
used in basically the same way as YSUMl, whose value at time
t is defined as:

at +=2.5 PSUM2= (0+rt)

at t=5.0, 7.5...1500 PSUM2=(r

t~2.5"T¢)
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Memory Map of Data Buffers and Program Variables
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5 USER'S GUIDE

5.1 Objective

The objective of the program DEMO is to demonstrate, on the IMSAI PCS
80/30 software development system, the capability of the INTEL 8085 uP
to perform the real-time timing and sequencing required to execute the
functions of a vertical seeking ejection seat. A listing of the pro-
gram can be found in section 4.1.

5.2 Approach/Assumptions

Because of its nature as a software development system, the IMSAT PCS
80/30 lacks the specialized hardware interfaces and "peripheral devices"
that would be found on a true ejection seat system. To compensate for
this, the program goes through a lengthy initialization process before
the deronstration of the real-time timing, sequencing and simulated
execution of the ejection functions takes place. The program is capable
of simulating an ejection from an initial orientation of a 90° roll or
a 180° roll.

H3 Input

Belcw is a list of the input files and varameters required by the program.
The files are permanently stored on the disk and read as required during
execution of the program; the parameters are input by the user as de-
scribed in section 5.5. A brief description of each is given here.

8. 3.1 DISK FILES

5.3.1.1 MENUMSG,TXT

This file contains the message displayed on the CRT, giving the user a
choice of executing the ejection from an initial orientation of a 90°

roll or a 180° roll. The message is shown in section 5.5-1.

5.3.1.2 RDATALl.DAT or RDATA2.DAT

These files contain the rate data interpolating points for the 90° roll
test and the 180° roll test respectively. When the user selects the
initial orientation, the appropriate RDATA file is read into memory.
Using the information contained in the file, the 3600 pieces of rate
data required to execute the vertical sesking maneuver are generated
and stored in memory locations 4AE04-66FFH.

5.3.1.3 DRFIMSG.TXT
This file contains the messages displayed on the CRT asking the user to

input the altitude and speed at ejection. The messages are shown in
sections 5.5-2 and 5.5-3 respectively.
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5.3.1.4 DEMODSP.TXT

This file contains a list of all of the ejection functions to be execut-
ed along with instructions on how to beagin the demonstration. The mes-
sage is shown in section 5.5-5.

5.3.-2 Keyboard Input

5.3.2.1 Test Number

The user selects the initial orientation of the ejection seat system.
TEST 1 executes the ejection from an initial orientation of a 90° roll;
TEST 2 executes the ejection from an initial orientation of a 180° roll.

5.3.2.2 Initial Altitude and Speed

These two parameters determine the time at which the functions PARACHUTE
DISREEFING and SEAT/OCCUPANT SEPARATION are executed as defined in Ficure
2.12,

5.3.2.3 Ejection Signal

When all of the initialization functions have been completed, the program
waits for the character 'E' to be input. This initiates the execution
of the ejection sequence.

5.4 Output

To indicate the execution of each of the ejection functions, the program
displays the character '*' next to the function being performed. When
all of the ejection functions have been executed, the program displays
the direction cosines of the initial orientation of the ejection seat
system and its orientation at the completion of the vertical seeking
maneuver. Using these, the position of the ejection seat system can be
determined. (See Figure 2.2). The final CRT displays for the 90° roll
test and the 180° roll test are shown in Figure 5.1(a) and 5.1(b) respec-
tively.

L Program Set Up/Run Procedure

After loading the diskette entitled "VRTSK", the program can be run as
follows:

1. Type "DEMO" as an IMDOS resident console command

The program will clear the screen and display
the message

SELECT DESIRED TEST

1. 90 DEGREE ROLL
2. 180 DEGREE ROLL

- 97 =
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uP EJECTION SEAT FEASIBILITY DEMO

Emergency 02 Generation
Inertial Reel Firing

Neck Bladder Inflation

Hip Thruster Firing

Canopy Removal

Gyro Spinup

" Seat Release

Catapult Initiation

Rocket Initiation

Rocket Gimballing Initiated
PCEM Fired

Rocket Gimballing Completed
Parachute Disreefed

Seat/(Occupant Separated
Fodkk sk ke dostk kok ok ket s ek ok dk kk ke kok Ak Aok Ak kk Akk

Initial Orientation Final Orientation
D31 = 0.000 D31 = -.184
D32 = 1.000 D32 = .004
D33 = 0.000 D33 = -.969

uP EJECTION SEAT FEASIBILITY DEMO

Emergency 02 Generation
Inertial Reel Firinag

Neck Bladder Inflation

Hip Thruster Firing

Canopy Removal

Gyro Spinup

Seat Release

Catapult Initiation

Rocket Initiation

Rocket Gimballing Initiated
PCEM Fired

Rocket Gimballing Completed
Parachute Disreefed
Seat/Occupant Separated

% Fek ok ke ke Kk Kk ke ke k ok Rk ok ko kR ke kkkk ek kk ok k hkk

Initial Orientation Final Orientation
D3l = §.000 D31 = .164
D32 = 0,000 D32 = ,089
D33 = 1.000 D33 =-.970

5.1 Final CRT Displays
- 98 -
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W lll" or ll2"

Entering an invalid test number causes the
"SELECT DESIRED TEST" message to be reissued.
When a valid entry is made, the program will
initialize the rate data for the test select-
ed. (This takes 1.5-2.0 minutes). When the
rate data initialization is camplete, the
program will display the message

ENTER ALTITUDE AT EJECTION (0-18,000 ft.)
a valid response and hit carriage return
Entering an invalid altitude causes the
"ENTER ALTITUDE" messace to be reissued.
When a valid entry is made, the program
will display the message

ENTER SPEED AT EJECTICN (0-600 KEAS)

a valid response and hit carriage return
Entering an invalid speed causes the
"ENTER SPEED" message to be reissued.

When a valid entry is made, the follow-
ing display will appear on the CRT

-Hip Thruster Firing

uP EJECTION SEAT FEASIBILITY DEMO

Emergency 02 Generation
Inertial Reel Firing
Neck Bladder Inflation

Canopy Removal

Gyro Spinup

Seat Release

Catapult Initiation

Rocket Initiation

Rocket Gimballing Initiated
PCEM Fired

Rocket Gimballing Completed
Parachute Disreefed
Seat/Occupant Separated

EEKA KKK A A KAAAA KA KA AA AR KKK KRR KKK AR KA R ALt K

TO BEGIN DEMONSTRATION, PRESS'E'

- 99 -




REPORT NO. NADC-79240-60

5. w "E"

The program is now demonstrating, in real-time,
the timing, sequencing and simulated execution
of the ejection functions. The demonstration
takes either 2.05 or 5.05 seconds to run, de-
pending on the time of PARACHUTE DISREEFING/
SEAT/OCCUPANT SEPARATICN.

5.6 Special Features

Some modifications were made to the program to create a second versicn
(PRNTOUT) . PRNTOUT performs the same functions as DEO (though not
in real time), but also provides hardcopy output tracing each step in
the execution of the vertical seeking maneuver.

PRNTOUT outputs the following data:

T - time (in milliseconds) since the beginning of the vertical
seeking maneuver.

R - yaw rate data (in deg./sec.) input at time T
Q - pitch rate data (in deg./sec.) input at time T
P - roll rate data (in deg./sec.) input at time T
DC1 - direction cosine of the angle from the x-axis
to the vertical after being updated at time T
DC2 - direction cosine of the angle fram the Y-axis
to the vertical after being updated at time T
DC3 - direction cosine of the angle from the z-axis
to the vertical after being updated at time T
RICMND - the roll steering command generated at time T
POOMND - the pitch steering command generated at time T

Appendix A contains a program listing of PRNTOUT along with the data
output for the 90° roll test and the 180° roll test.

After loading the diskette entitled "VRTSK", PRNTOUT can be run as
follows:

1. Type "PRNTOUT" as an IMDOS resident console command

The program will clear the screen and display
the nessage

SELECT DESIRED TEST
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1. 90 DEGREE ROLL
2. 180 DEGREE ROLL

W "l" or "2"

Entering an invalid test number causes the
"SELECT DESIRED TEST" message to be reissued.
When a valid entry is made, the program will
initialize the rate data for the test select-
ed. (This takes 1.5-2.0 minutes). When the
rate data initialization is complete, the
program will display the message

ENTER ALTITUDE AT EJECTION (0-18,000 ft.)
Type a valid response and hit carriage return

Entering an invalid altitude causes the
"ENTER ALTITUDE" message to be reissued.
When a valid entry is made, the program
will display the message

ENTER SPEED AT EJECTION (0-600 KEAS)

Type a valid response and hit carriage return
Entering an invalid speed causes the
"ENTER SPEED" message to be reissued.

When a valid entry is made, the follow-
ing display will appear on the CRT

uP EJECTION SEAT FEASIBILITY DEMO

Emergency 02 Generation
Inertial Reel Firing

Neck Bladder Inflation

Hip Thruster Firing

Canopy Removal

Gyro Spinup

Seat Release

Catapult Initiation

Rocket Initiation

Rocket Gimballing Initiated
PCEM Fired

Rocket Gimballing Completed
Parachute Disreefed
Seat/Occupant Separated

KARRAKA K AKKR A AR AR AR AR KRR RRA Ak kA kA kA Xk kkk

TO BEGIN DEMONSTRATION, PRESS'E'
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5. Type "g"

The program is now executing the ejection
functions, printing the data described above
as each step in the vertical seeking algorithm
is completed. Running PRNTOUT takes approxi-
mately 50 minutes.

5.7 Outline of Changes for Implementation in an Actual Ejection

Seat §zstem

As previously mentioned, the demonstration program was written for
implementation on a software development system; some changes are
required if it is to be implemented in an actual ejection seat system.
These changes are outlined below. (Refer to the program listing in
section 4.1).

a) Delete the following lines:

108
10B

111

117

11D

120

132 - 19B
1DF - 1EE
IFE - 393
59D - 628
6B7 - 745
77F - TAE
77 - 7E1
802 - 813
'82B - 8%C
842 - 847
874 - 877
ASB - BC9

If no multiplication or division is required
394 - 59C

b) Delete the initialization of the following variables
e (end of listing).

ASSDRV INIT SETIOB FIMFO FOXIM
BDOS INLINE UNMOUNT  TMPSP INBUF
CLOSE LIST WRITE STRLOC VSINP
CONIN MAKE BEGYIP STRTPT VSPTR
CONOUT MOUNT BEGPIP ALST TWNTYFV
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e)
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OONRDY OPEN BEGRIP AMST SCPTR
DELETE PHYDRV ~ YRDATA CTR20 TIMPTR
DRVIN PRINT PRDATA CTR60 FCERD1

DRVOUT READ RRDATA IVAL FCBDRFTM
ERMSG RENAME  LIJUNK XZERO RCEDEMO
GETALO SEARCH ESC LISVSP FCEBMENV
GETCUR SELBECT BS FZERO FCNT
GETIOB SERCHN  IGT FONE FDISP

GETVCB SETBUF MOVPTR FOX1L FDISP1

Change line 10E to CALL INZDCS, where INZDCS is a sub-
routine which inputs the direction cosines of the
initial orientation of the ejection seat system,
converts them to the scaling used in the program

(see section 2.1.4.1), and stores them in D31, D32
and D33. (Note: This may be part of the routine
EJECT, that is, input at the time of ejection).

The subroutine INZRST75 (lines 126-131) may have
to be changed if the 2.5 ms interrupt received
by the system directs the program counter to a
location other than 3C.

If the time of parachute disreefing and seat/occupant
separation is determined only by the altitude and
speed of the ejection seat system at ejection, these
two values (ALT and SPEED) should be input with the
initial orientation values D31, D32 and D33. Their
time of execution should be stored in PARDRFTM (in
terms of 2.5 ms interrupts). If the conversion from
altitude and speed to time is determined as defined
by Figure 2.12, the code from lines 62B-6BC and
A45-A53 can be used., (This requires that the MULT
and DIVIDE subroutines be left in) Figqure 2.12, as
implemented in the code, is represented by the follow-
ing equations: (If a simular, but different, para-
chute deployment chart is used, the changes can be
made as noted.)

1. if ALT 2 14000 ft, T = 4.5 (test in line 62E)

2. 1if AILT < 6000 ft, T = 1.5 (test in line 638)
3. if SPEED < 240 KEAS, T = 1.5 (test in line 642)
4. If AR 2'a', T=4.5 (test in line 6AS5)
5 1 ALT < At T =lIRS (test in line 6A5)

where 'a' is the altitude on the diagonal, corresponding
to the given speed. ‘'a' is computed using the equation of
the diagonal as follows

P(xl) sa = (fOxl-fle) ¥ ((fl-fO) (xl))

(xl-xo)
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a = (14000) (600)-(6000) (240)+( (6000-14000) (SPEED) )
(600-240)

This is implemented in the code (lines 649-6Al) as:
a = 19333 -22.2(SPEED)

If an entirely different method of determining the

time of parachute disreefing/seat/occupant separation
is used, the code fram lines 62B-6BC and A45-AS53 should
be deleted, and code implémented to determine the time
as defined.

For the first .55 seconds after ejection, the interrupt
counter is counting 25 ms interrupts; after that, it is
counting 2.5 ms interrupts. Two separate rates were
used to allow time during the first .55 seconds to
interface with the display. In an actual system, the
interrupt rate would most likely be constant (2.5 ms
or whatever is to be used). Since the time of execu-
tion of the functions is determined by counting the
number of interrupts, the comparison values used would
have to be changed. Each of these comparison values

is noted below.

line 6A9, 6B0 - Set time of parachute disreefing/seat/
occupant separation (=number of 2.5 ms
interrupts since beginning of vertical
seeking maneuver)

line 7FB - Test if time to start sequence B (next
interrupt = 12th 25 ms interrupt?)

line 824 - Test if time to start sequence C (next
' interrupt = 21st 25 ms interrupt?)

line 860 - Test if end of vertical seeking maneuver
(last interrupt = 600th 2.5 ms interrupt?)

.line 89A - Test if time to execute Fire PCEM (520th

2.5 ms interrupt?)

The routine EJKEY (lines 746-755) would have to be changed
to input the ejection signal as defined by the system.

The routine INRATDTA (lines 8A9-8DD) inputs the six pieces
of rate data required every 2.5 ms. In the demonstraticn
program, this data is read from a memory buffer; in an
actual system it would be read throuch an I/0 port as
defined by the hardware designed to interface with the gyros.
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This routine also performs part of the integration as
follows:

1. read rt-1.25

save it - (replaces rt=3.75)

calculate YSUM1 (see section 4.3)

2. read 9¢-1.25
save it - (replaces 9¢-3.75)

calculate PSUMl1 (see section 4.3)

3. read Pe-1.25
save it - (replaces pi_3 75)
calculate RSUM1 (see section 4.3)

4. read ry
save it - (replaces ri_s s)
calculate YSUM2 (see section 4.3)

5. read %
save it - (replaces 9t-2.5)
calculate PSUM2 (see section 4.3)

6. read Pt _
save it - (replaces P¢-2.5)
calculate RSUM2 (see section 4.3)

This part of the integration would have to be done in the
Input Data Routine written to replace INRATDTA. The values
Teoy.a8, Teaios, Prg o T Sy Be, TENE, eoldly BSOML,
YSUM2, PSUM2, RSUM2 should be stored in memory as shown in
section 4.4.

In the demonstration program, the steering commands and
telemetry output data are stored in memory in the form
defined by the China rake system. (This is done in lines
A06-A0D and A2C-A33 respectively). In an actual system,
these would be output through an I/O port to a D/A con-
verter in the form defined by the hardware interface
designed for the system used.

The subroutines enabling the execution of the ejection
functions would have to be changed to execute the functions
as defined by the specially designed hardware interface
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used on the seat. These subroutines are (reference
Table 2.3): '

EJCTRTN ‘(7B7-7B9) - enables SEQUENCE A functions.
CTPLTRIN (7Bf-7Cl) - enables SEQUENCE B functions.
RKFSTM (887-889) - enables Rocket Ignition.
CKPCEM (8A2-8A6) - enables Fire PCEM.

PARSEP (A56-A58) - enables SEQUENCE D functions.

The code would have to be assembled to begin executing
from location 0000.
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The following listings show the yaw, pitch and roll input rate data, the
3 direction cosines and the steering commands generated at each step
(every 1.25 ms) in the execution of the vertical seeking maneuver.
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A.l Vertical Seeking Maneuver - 90° Roll Test
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i Czan|
sl o 20
54 RO Lt e
2INe CAlEHE
Sy ©o2=00
D14 CLOED
Qil7T COUE0!
Slls €90202

0'13 Co9705
0122 CL5821
J123 CS3197
0125 €©34207

0129 21327D
oiel 3613
Qi2c 21227
3131 3612

0133 3240
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Qi35 3535
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T4t 3600
<43 AF
0144 3313
0146 D313
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Clér 3240
GE&S D312
Ol4g 32CA
e122 D313
Q152 Jes7
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dien SUods
Qa2 3=90
Sioh CId3es
Jidd ¢V

eyt e N2
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ORG 104
Hap
DI
LXT &b, iilss30
CALL [nizPRi
AL [Thzosh
QALL @i ce
CALL PaivTitisn
CALL PRUTIITLY
CALE LilZpsis
CALL IdzZviiils
CALL LZAUATA
CALL INZD2FT.W
CALL IMZBsP
CALEL LiIZD=Exo
Ji2 =2JKEY

Ii1ZPRITR:

LXI H,7D32H
FATS S P B
ExL H, 7E22H
MVI #,124

sSET UP BAUD RATE
MYl A,40d
OUT 0=3H
LXI H,0D1O35x
HMVI ¥, 364
LXI H,00100:
MVI M,684
w1 M,0
XRA
0OuT
ouT
OUT
MVI
0uT
MV I
OUT
WATA
OUT

-

L)L
e VSEE

e
—i—

e (t)o
T
O

o G Ir

— =2 g — e
b_
~ o

w=

1:12DSP:
SCLEAR SEREENS T ISE 4 CLANS, 4
SUSE UPPER AND LuwceR CASE

CalLl JF803:H

AVI A, 1B

CALL Q803 540 COLMNS
MWL A,434

CALL OF8D3it

MVI A, 184

CALL O+803il

iV I I\ ‘ ")5 i

CALL QOi-803!

Rl

[ADSKe

'

FIUE AL hle Okl BLUSKS
;:.‘u-”n’ ”r’l" .'.\Ll. *I'L..)

’

LXT H,erCining
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N
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LF
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P nes L |

RESLES

2304
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& B 0
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MW i, 0
LXI 5,12
AVl £,3

MV D, 22

D&D 8

EVI 4,0
X H
DCr D
JWZ LPS
WVl D, 22
DCX H
aCR E
JitZz LM
MVI C,0p:=t
EXI B, cC3x9l
CALL BDOs
LXI D,FC3DRFIM
CALL BDOS
LXI D,FCBDZ
CALL BDOS
RET
1itZVARBLS: .
X}'-'x"\ A
EXT .8
Sia BCET
STA SEQINDX
SHLD YANR
SHLD PICHR
SHLD RoLLR
SHLD ¥SUu1-2
SHLD Ysl.i2=2
SHLU PSU#EI=2
SHlLiy 25UL2-2
SHLD RoUil=2
JSELD S 2=2
SEHLD YoHiial
2IE ) YD
e sl
D Padiz
g st
HLD kSN2
A YALUS
B i
A RETRS
a8 ToosuL
I R s
{1 S
Los b By SN

i

i

o b ol S ,
Sy WK
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C24A
0240
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222237
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2A
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4A-n.J/

21E
225837
Cb5402

21F436
22EA37
2lE44 A

P IR AN
;Jh-Jl
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INZMDATA:
H
sheaAd FlLE GJI0H SHD POLITS
3/1L LiATeR20LLTE U0 SGel
3|50k PI:CES ¢ DATS 2ACH =0
s AU PITCH AHD ROLL aATes
H
LXI H,360C0;:
SHLD WOvVPTH
BV 3,3
SETUL IPS:
SVI C,READ
LXI D,FCBuDI
CALL BLUS
H
$E0OVE B80H BYTES TO LT 2TS.STHRASE
’

HAOVLOOP:

- ws 9
wn
)
]
(5
0

up

PYS T
w
m
-

upb

“-e 90 o
w
n.
—

LINT:

ECRD) =0

Ld4LD MOVPTR
LXI D,30i

LDAX D

MOV 4, A

INX D

INK A

XRA A

CKP D

JZ HOVLOOP
SHLD HOVRPTR
OCR B

JNZ SETURIPS

TO ISTZRPOLATE YAU RATE DATA

LXI H,3EGYIP
SHLD SERTPT

LXI H,YRDATA
SHLD STRLOC

CALL Liwnl

TO INTERPOLATE PITCH RATE DATA

LXI H,BEGPIP
SHLD STRIPT

LXE H,PROATA
SHLD STRLaC

CALL LINT

[O IRTEKWPOLATE ROLL RATE DATA

LXI !, BEiRlP
SHLD SENEPT
LXI H,THEDATA
SHLD S inlus
CALL LIl
wLlT

K=FIXO + (Fl=FO)«X1120X1=X0}]
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M) DG
FHACT ) St O T

DOOGOOOO

L v 8

29

225637
315637
3050
116109
£

85

£5

2AEA37
FY

2AF437
3ct4
35

o5

7i®
Ce0o
61

} 22C73l
2 210020

32
22E637

o137
cCc3i
337
=E3 7
=637

PO ML TN NI O I
PN LT — 02N - PO D

L3
i
CARS !
$437
S b

-e

LILOOP:

- we e

o ee we
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LA Hig0)

LAD S

SHED LGSR
LAL S, LTI
LRl B, 0000
Bl gl

PUSIT B

PUSII D
PUSH B
LELD STRTPT

SPHL

POP H ;0

SHLD RLTP2

SHLD FZERO

LHLD XZE26

MVYI A,20

ADD L

ROV LA 62T

MOV A, H

ACI O

A0V o 2 A

SHLD &LTP1

LXT iH,0

DAD 3P
T

SHLD T:iPsP

SAVE STACK PTR SBEFORE CALL

LXT S22, SCRATCH

CALLE SULT

PROJUCT OF MJLT = FJ

DCX SP

REX S22 %
SHLD MLT?
SHlD FQils
LHLE XZERO
SHLD wlLT?21

o

= Cluradl X0

20
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PRETOUT P

0251 CLYGI3
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(CALL

AULT

P
$PROZGCT FROS MULT = F1 X4
3
$NOW COUPUTE FOXl = FI40
]
02C0 2AFC37 LHLD FOXIL
02C3 E3 ACHG
02C4 2AFe37 LHLD FOX1M
02C7 4D Sav L
02CS 44 AOV By
§
$8CLE - €041
3

LHLD AHGL
Qz2¢c ib MOV AL

g2Cz Co601 ADT 1
02E0 oF MOV L, A
201 #C AOV AL H
¢202 2F CHA
02D3 CENC ACI 9
2205 67 WOV Tia A
0256 22CI37 SHLD AlSL
029 2ACR:7 LALD AHSH
g2EC 1B OV A,L
Q28 2F ChA
025z CEQC ACT @

02ED 6F HOV LG A
A0V ALH
Q2E2 2F CMA

ACI O
AOV H, A
02E6 22C327 SHLD AliSH
s ANSH/L = =FI1K0

’

02E9 2AC137
02EC 19

02ED 22EC37
02F0 2AC337

02F3 D2F732

LHLD AiisSL
DAD D

SHLD ALST
LELD AHSM
JNC LICHI

Qzk6 23

02F7 09
02F8 22EE37

02F3 2AF827
C2FE 7D
Q2FE 2F
0300 4F
0351 7C
0302 2F
3303 47
0304 03

030 r. 2 -"\i" A 37

INX H

LICHNI:

OAD B

SHLD

COMPUTE Fi

-s @ we

LEIED)

.“t “‘I. ST

- Fo

ks 4

Paaivi)

WOV A,L

lad L
o AAI

O

WOV

I
o o Y

i MY
LA

Lal b

SO
iNX 5

s \
LT
. oy
Nyl

e

FONG
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O
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w
-
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e o gl
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DAD ©
o |10 A I 4.

G =" &

(S GO E e
STHRD
[EEEDEVAL

SHLD #LTP2
[HX i

SHLD IVAL

CALL MULT

(FOXI-F1X0)+(F1~-FO) X

LHLD ALST
XCHG

LHLD AinSL
DAD D
SHEDSDYHBI
LHLD AMST
KCHG

LHLD AiSH
JHC LICN2
[HX H

DAD D

SHLD BVidh
ER 20

SHLD JVSHL
X1 d,9

SHLD DVERNA
V7 £

CALL DIVID:

(FOXI=F LX)+ (F1=FO) X
20 = X1=X2

EHED SUOTI

XCilG

% IO STORE ekl UATA

LA einr2d
[ A
SLX CERAD
.l}[ l‘,)

XCD)

ROIT
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PRNTOUT. Pt Y
| o )
0362 C20C03 Jilz LisusLy
0365 AF kA A
. @ 0366 32F027 STA 1120
| 0369 2AFA37 LHLD 0
t 036C EB ACHE -
| © 036D 2AER23T LHLD STRLOC
L)
$STONE [F1 AS 207Td POINT
¢ i
_ 0370 73 MOV ML E
: 0371 23 INX H
e 0372 72 MOV 4, D
0373 110500 LXI B,5
0376 19 DAD D
e 0377 22E837 SHLD STRLOC
!
$RESTORE STACK PTR T GEL nLEW
P $END POIATS
‘ ]
' 037A 24E637 LHLD TapSP
e 037D F9 SPHL
G372 2AF237 LHLD IVAL
o381 23 INX H
e. 0382 22F237 SHLD IVAL
’
$iIAVZ 60X20 PIS REEH GEHERATED?
| o -
i 0385 3AF137 LDA CTR60
0383 3C INR A
e 0389 32F137 STA CTR6O
038C FE3C CPI 60
038E C26802 JNZ LILGOP
e 0391 2AF637 LHLD LIsvsP
0394 F9 SPHL
0395 C9 RET
[ & .t{ULT:
1]
$ZERO OUT MST 1/2 ANS AWD CARRY SAVE
o, H
0396 210000 LXI H, 0000
0399 22C337 SHLD ANSH
& 039C 22¢537 SHLD CARYSV
A
sDETERMINE SIGN OF ANSWER
[ J) H
039F 2AC737 LHLD #LTPI
03A2 7C OV A,H
e C3A3 2ACI137 LHLD MLTP2
i 03A6 AC XRA H
: 03A7 32CF37 STA SIGN
! e 03AA 3E30 MVI A,30:4
] v
: $IF MLTP2<0, MLTP2=idaLiPbad
’
! O3AC A4 ANA i
i C3AD o4 CM 1C16
i e 0330 C/sos CALL CHXZERO
; 03R3 220137 SHLE ALTR2
%
{ D
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53387
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o3¢C
Q3CE
030!

CI 2T

OO Ow
wWwwte
O o i

(s B &
L) Ly
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DD Q)
L Lyt
nonigr
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£y

2ACT37

3ER0

A4
FCE504
CD7304
22C737

210000
39
22C%37

3el1
32C037
3i1C137

2 FEFF
39
35
CA4804

023704

A
il

7R

=

ar
POAA
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a7
79
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)
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e —-\)

REPORT NO. NADC-79240-60

LHLD ALTP1
WA, 300

IF HLTP1<0, MLTP1=18LTP]

“s e we

AL H

CH ICl16

CALL CHXZERO
SHLD MLTPI

'
$SAVE SP FOR RETUxI
i

LXI H,O0
DAD SP
SHLD MSVSP

$SET UP BIT COURNT
;

MVI A, L7
STA CHT
LXT SP,METR2

LXI H,0FFFFil
DAD sP

DCR A

JZ MLPDOUE

i

sPUT TeST BIT INTO CARRY
pop PSS
Jilc BITO

BiTls

POP D
POP B
POP H

MOV
XRA
XRA ¢t
MoV
MOV
XRA
XRA

LS 518 agl w0 B -
-
w

o>

I m>

1‘-'. () V 'Y I\
LXI H,OFFFAH
DAD SP

SPHL
3
$COMPUIE NewW CARRY SAVE

PO Y
MOV Ay
POP il

{2 A

e



PRNTOUT. Ph..

0O3F3 A4
03F4 57
Q365 7€
N3F6 1
03F7 A4
03F3 B2
03r9 57
O3FA 7C
O3FB 21rA-r
O03FE 39
O3FF F9
04CQ0 EI
0401 A4
0402 B2
0403 57
0404 7D
0405 EI
3406 A5
0407 5F
0403 7D
04029 EI
0404 A5
0403 33
04QC oF
040D TO
049E 21FAES
0411 39
0412 F9
C413 EI
0414 A5
0415 B3
0416 5F
0417 EI

0418 DS
0419 C5
O41A 3B
0418 3B
041C DI
C41D CI

Yis 3

U4 o=
I A
Q426 I
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AHA i

AOV D, A

MOV Al

PO

AllA |-

OkA U

HOV D, A

i'-‘.()V A'd

LXI i, OFFFAH

DAD sP
SPHL
POP H
AllA H
ORA D
MOV D, A
MON AL
POP H
ARA L
A0V E,A
Sov AL
POP H
ALIACE
0NZA E
MOV ELA
MOV A,L
LXI H,0FFFAH
DaDh sP®
SPHL
POP H
ANA L
ORA E
MOV E,A
POP H

MSTR:

9

$STORE NENW PS(I)

$§STORE NEVW CS(I)

'
pUsH D
PUSH B
X SP
BEX SP
POP D
PGP B

$ BCDE=PS(T ) ——MUST BE SHIFTED RIGHT

AL

SHFT:

XQI\ A

AR
NI B
LU T o
V‘.“
¢ -Vo0

HW CeA
YOV A ’ D)

847
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N
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D1

¢l
73

AA
A0

47
79
A3

i

38
33
35

33

e~ ~=00

~ U= e

AD

JE

231524
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BOv DA
MmOV A,k
WAL

MOV £, A
PUSH O
PUSii D
JiP MLELPR

317T0:

9,

$COMPUTE PS(I)
POP D
POP 8
MOV OALB
XRA D
MOV B,A
MOV A,C
XRA E
HOV C4A
DCX SP
DCX SP
DCX SP
DCX SP

s COMPUTE CS(I)

POP H
MOV AL H
4oV E,L
POP
Ali4
MOV D
OV A
L
E

QTXm
-

ANA
dov

PUSH B
PUSH ri _
LHLD MSv32
SPHL

SRR B Tete i B & S
Yol aRATNE PRUPED STEOR

“s er @

[.U:\ Dlui‘
ANT 80
2P

LBLE NS
XCHO

LHED Ansl.

of

PROVYCT

PAGE
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PKITOUT. Pic..

0460
0463
0466
nN4a61

Q46

0463
c46C
C46D
046=
NL6F
470
Qs71

0472

0473
0474
0475
0476
0477
0478
0473
047¢
047F

0480
0483
0486

0489
048C
048D
0490
C491

CLO4GY
228837
=4
22C337
c9

n
2F
OoF
qe
2F
67
23
Cc9

AF
3€
cOo
30
o0
2100cC
228437
Cl
c9

21FFFF
22D837
22DA37

2AD637
i
2AD237
A
32Ck37

0494 7C
0495 E680
Q40T E2ASDS
0494 EB
CA9R PAL03T7
‘\"'.ll‘". :::\“ b J
D4Al P2U037
Qald EY
OdAn 220237
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GALL

TwLC002

SHLD Alisl

KCHG

Sl b

T
TCl6:

SUHROITINE
OF 16 BIT ¥

- we ws e

MOV
CHA

MOV

e
LotGH

T TAKE T#0S CorPLENSNT
OxD L

A,L

L9I\
A, il

—
<
r—
(@]
in
L1

VIDE BY REPEATED SUBTRACTIQNS
EH ROUND QUOTIENT TO HEAREST

1
,
dTEGER

s we we we W (7]
5

EXT HaOFEEEEH
SHELD QUOTL
SHLD GHUOTM

i
sDETERMINE SIGN OF QUOTIENT
i

LHLD DVSRM

MOV AGH

LHLD DVIDM

XRA H

STA SIGN
i
i IF DVND<O, DVHND=1DVND)
i

WOV AGH

AllT 30U

JP CROVSR
NGHHG

v i AVGIDL
CALL IWOSCONP
Shilry, DVRDL
KCHOG

S DO
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VA3 ZALUSST
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Jak =25504
Z4B1 28
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)433 CDN405
0433 220437
3435 E3
0437 22D637
943F

24CO

2= rnn m
HLO Sl L €0}
O
n
w
i

D4C3

04Cs Ar
J4CS5 B4
0525 B85
~SECT B2
J4C38 C2D404
g4c8 B3

YA S AF
J405 20237
:"'".43 =8
~eTy 2ANC37
WIS 82

gabo 53
Tdoz B4
J40= BS
N4zl C23505

- P

J4z3 210000
JaES 220A37
Duly 220837
SaEC QY

. b

: Y ALY 1Y

! Ak F 3

. N s rviey”
L3 ik J " ,:-3/

l" a2

-e ws @

DOCKSs

CKDiO:
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[i¢ DV3R<0, ¥3k=i10DVsiI

LHLE DVe.d
SOV Ay

AT 8O

JP DOCKS
ACHG

LHLD DVSRL
CALL THOSCOM4P
SHLD DVSRL
XCHG

SHLD DVSRH

IS DVSR O OR 12

XCHG

LHLD DVSRL
XCHG
XRA&

ORA

ORA

ORA

JNZ

ORA

JZ DIVZERO
cer |

JZ DIVONE

KD

HiIQ O I >»

i IV DVND=0,QUOT = O

1

QUOTC:

CIVOIHE:

XRA A

LHLD DVNDM
XCHG

LHLD DVHNDL
ORPA D

ORA E

ORA H

ORA L

JNZ SETUP

LXI H,0
SHLD QUOTH
SHLD QUOTL
RET

i [F DVSR=1,QU0OT=DViD

LHLD DVINDM
XCtlo

LHLD DVHOL
LOUA Gl
X:2A DD

CN THOsSCUWP
SHLy) ool

PAGE 12
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PRNITOUT, kil

04FE
Q4r¥
0502

0502

0504
0505
0506
05038
03509
0304
0503
C500

e EYer™
\-‘JCI—.

E56F
55 1.6
0512
0513
Sotla
3515
0517

0513

EB
}?2{-1/\:3 7
£9

16

1O N L
e Th

o~ TS

(G

ACHG

1 1

Hin L
DIVZ21E50s

Fascoties
H
; ~) 41"-()()’1 In”LL
Gk 32 BIfs
H
OV
~a
(R

ADI
SOV
SOV
CHA
ACIT
AN
A0V
Ca
ACI
A0V
0V
C
ACI
A0V
2ET

O)
)
=

JOT:

« (QUOT

U) =
=
w0
—~ O

s es @b @ b

LHLE
A0V
ADI
WOV
MOV
ACI
MOV
SHLD
LELR
1ROV
ACI
OV
AOV
ACI
MOV
SHLD

REE

N
1

v . N %
5 J'.,A‘l JYSn= -
.
v

B
Lol
N B
RRPALY
g avy
has Phds

CALL
MOV

QUG LN

e 4 S ¢ e s
TAKES 245 0.
JAE B 2eir
s oy Y = e i 5

)
PA .
) :r‘.
Ay Lz
D
Sy
A,U
D,
iV oA
e A

JITH EACH SUCCESSFUL
RACTION

SUOTL

¥

,

St =

= >

f
g !

Q2 [ —

e

’ A
QUOTL
QUOTHM
AyL

o

]
‘

Py

'] A
QUOTHM

JYSK [0 20 SUBTHhACT ION

DV SR

DVSAL
TwOSTOHMP

By H
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priiTau T, Pl PAGH

(P s BOV Sl

ADC

(&)
31
L

O

Mg SAVE)S CALL eyt
Y=l 2RTODY LHLD DViil
4= 22u037 SN B el

158 )7 "/,A.“ ]
s 220037 sl DIl
BadE 2:3237 B O I O 5 R
3592 220837 oHLD REL
6533 70 MOV A, L
D256 33 ABC &
Q257 6F BN LA
0558 7 A0V ALH
el 3
r

MOV H,A

5
A
67
0553 220237 SHLD DVINDH
0332 UA<205 JC BIVLP
9561 238C37 -LHLD REML
3564 T SOV OA,L
2563 17 RAL
366 o7 MOV Ly A
a5sT IC MOV AL,H
3588 L d RAL
O58% 47 MOV o, A
9584 222€3 7% SHLD REzNL
X548 230837 LHLD Rz
AS3F) 72 O ALL
237V 17 RAL
ratd e SOV LA
Jow3 i MOV ALH
Q574 17 QAL
8505 47 HOV HeA
SIRA 220227 SHLD Re
a572 245030 LHLD REML
AN ek nAD B
= Xan=37 LR wE
i MOV - Al
“ LRC =

Falis Cia €
- './
’%)\'

5]
'

(9
(o)
~

a 0. IS5

{
1
t
e,




por
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PrRHTOUT, PRl

ObAl
CoA4

1aiaz
CEO590

11 SO00
QE0Y

2 S EL e ANy
ZalC ChEsa0b

- QEOA
116041
CDDY5H00
216141
1E
FEOS
4F
522107
23

e
CD3906

05€2

€=C5 B2 9l
0268 {lkal4l
GsC= A
@60 13
G=Co Ueas
J5CE Q=0
03L1 217441
G504 CDCADS
QzL7 217441
0204 110003
@58 EBEIOS

223641
OVAFBY
a9

DA2107

S

(O}

m
@]

00 O
(SN

|
~N O L) C

ey T

05zA 0EO9
O5EC 1 1AECY
O5EF CBO5G0

C5E2 116041
05F5 0E0A
05F7 CD0592
05FA 216141
3FD TE
SFE FEO4
e aF
022907

GETALT:

iDALLT 8
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LAL "3y ¢ C3DRIT
CAI'L

bidlio

ENXT 3,304
AV CypiLil
GALL Boas

AVI ¢, THLTHE
LXI U, LiiBUF
CALL B20S3

LAT H, [NBUF+1
BOV A

CPI 6

INX o

CALL ASKCD
JC AIMVEIT
LXT 0, 1d3UF+1

SVI €,5

LXI H, [HBUF+2
CALL PREP

LXI H, [H2UF+20
X1 3.0

CALL THTHOUS
SHLD ALT

LXI 3,-13001
DAD B

JC AINVENT

(@)

3GET SPEED

RDSP

m

—
Ne
j=d O RS

MY1 C,PRINT
LXI D,0AEH
CALL 8D0S

LXI D,INBUF
i“VI C, INLINE
CALL BDOS

LXI H, INBUF+I
MOV A, M

CPI 4

MOV C, A

JHC SINVENT
INX H

CALL ASECD
JC SINVENT
LXI D, IN3UF+I
LDAX

X N
30T 3
Vil Gy S
X1, THBUES2A
[l PREP
I, [N3UE+20
/e )
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(o)
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ae Uy Qg ~ FY1 i
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200 GO0 0
20 C O

129

.’JA.‘.:’V2O 5
248641
019023
09

N2AB06
243341
O110FF
o

U2AB06
211609
22C737
248341
22C137
£07603
2A3841

225037
210C39)
220237
22D637
210A00
220437

CD3004

— NI N
J = PO N2 3= e 82 0 )
{ U C, y
42 W
—

50 WG IS RN IS B

e o
2
w
~J

REPORT NO.

Selll SPbel
LXI B,=691
DAD 3
JC S LW et
[EHIE AT
LXI B,=14000
AN
JERIRALIES
LHLD ALT
LXI B,=6020
DAD B
JNE TIPTS5
LHLD SPEED
JAD B
JNE T1RT>s
LXI H,22
SdLD MLTPI
LEHLED SPEED
SHLD MLTP2
CALL MULT
LHLD SPEzD
DAD H ;7 2X
SHLD DVNDL
LXL H, 0
SHLD DVHNDH
SHLD DVS{H
LXI H,10
SHLD DVSRL
CALL DIVIDE
QJoT = 245
CALE. 22.2X%S
LHLD QUOTL
XCAG
LELD AWHSL
DAD D
SiHLD ANSL
EHLD S2&=0
DAD H
SHI.D DVNIL
LXL H @
SHL D DV il
St DVS2.d
A o
SHLD DOV SHE
CALL UIVIDe
LHLD QUOTL
XEHG
LA AdSe
JAD D
ke = 225 A2 RSPRED
oI £) =193 33
BIAIEEY,
XClo

R 0
RAD D

i
v Ty

TIP e

NADC-79240-60

ey




PEHTOUT. Bl

CO6AB 2125402
O6ALz 22344
GoRt CY

c6B2 210807
OeBd 228441
JeEa C2

Q6E9 T=
CEBA FE3C
CoeC D3
C6BED FE3A
96EF 3F
06CT D8

06C1 D610
0¢C3 77
26C4 23
76C5 0D

O6CA FECO
26CC CAZGR06
06CEF 36
2621 23

06} C2D806
J6EQ C9

doEl /E
geed 24
J6E3 FEQ2
06E5 DAZCO06
08E8 il
08E9 C32107

sord =
e 23

ad e
CorY Coisut
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LXT H,60)

ST A L

e
TaPTse
LAl k1890

Snbll Poabe L.

1T
sCOIF/ERT puCII=-8 BIT BCU
ASBCL:

RET
PRzP:

CcPl &

JZ PB=pP2
W1 4,0
IEX H
Iz A
JCR €

JHZ PREP
AacT
PREP2:

LCAX D
MOV M, A
IHX D

X H
DER €

NZ PREP2

RET
H
sCORVERT 8 BIT BCD T0 HEX
’
TNTHOUS:

MOV A, N

IHX d

CER 2

JEG EHECNE
POP H

Jh2 ATNVEMT

Crl

Jiid [tUS
EXl s V0000

HOV Ay 5

LaX o

LXE By HOG0
CALL SCUMiER
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~ =~~~y
A D (D N D

QOO0 O

s

Q70r
a710
e
girla
0717
0713
G717
0713
a7 1c
o710
o71=

J1Z]
23

o~

) DS -~
I

V2 2058
250 )
“I b} IV

-t
£2
=

="\ 4
- T
~"oY3F
~.y~13n 3
*AATNS
SASUD

a3l
Jf o
Q735
= I e S
L B
T 5
Y 854
Y75
DEe3
i 0
[

Y= 1 &
LW ey B
114242
B P 199
JEQQ
i 13230
C500
)
C23307
~ R0
v
. ~NY F

} .00

UHITS:

AIIVENT:

“e we e

-
’
o7 F AT
[0 SN P ¥
.
’
PRRE S oo
diviaism-

[WVAL

ID

REPORT NO. NADC-79240-60

ACHG

WOV R,

T4 1

ELEL B, 000
CALE BTl
ACHG

Hov

[NX

LXI 5519
CALL BCDrieX
CHG

MOV &, 4
IMNX H
I8

'CALL 3COrieX

RET
KCHG

CPE @

RZ

DAD B
DCR A
JMP BHLP

ALTITUDE &NTEReD

MVI A4
CALL 07303
JUP RDALT

CALL 05803H
JEP RUSPEED

YA 1L
o Ml

DCR
Jie

sba it
lal
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REPORT NO. NADC-79240-60
WHTOUT. PRI

0752 3E7F AV A, THI
Q754 Ch)3kY GRLE OB
O7%7 C3480 ‘ S SN

0754 N0 H{HOP
0153 0C NOP soALT Boz @T=RRURT

275C 2A3A41 LHLD TiETCHTER
QI5F 23 INX i

C760 22BA41 SHLD [HTS e
0763 228t42 SiHLD ”‘EQPT”“
0766 318F37 ] LXI Sp, ~‘“J
0769 217627 LX u,J J
Q76C 3AF441 LEA D_uIa)K
C76F 4F MOY Ty A
2770 0670 vl 3,0
0172 3% DAD
o713 09 DAD 8
Q714 99 DAaD 8
9775 E? PEHl:

2

(§3)

5776 C3A4G7 JEP EJCT ]
Q77¢ C2ACOT JUP CTPLTRTI.
QFIC C38908 Jh2 RKES=D
O7TF C33A04 JEP PARSER

0782 318F31 LXE &P, HEZED3I
0785 3E04 AVI A,4
Qi8¢ CO3ee CALL OF803H
C78A 3tEl5B AVI AL,ESC
gigseC CBI3FES CALL OF8J3H
07&r 3E3D TMVI A, =7

0791 CDO3F3 CALL OF803H
0794 3Z21 YT A,21H

C795 CDO3F& CALL OFg803H
2799 3E47 MVI A,47H
0793 CDO3F3 CALL OF803H
Q7%E 210000 LXI 4,0
O7Al 225A41 SHLD INTCHTR

=JCTRTH:
£E06 AV T Ce6
07A5 CDB407 CALL SQUIB
C3Cv07 JI2 DRIVER
CTPLTRTHN:
07AC 0OED2 mVl €42
O7AE CD5407 CALL JOUI
0TSl C3CL07 JMP DRIVER
SQUIBe
04 3:=0A MVI O A,0AH
Yibo Co3FS CALL ‘"‘ =203
)

Crsw 3808 MV AgBS
Oy LI3es CALL OF&O3H
Qe 3E2A : “VI AJLUT
BHCY CLNSRG GALL 803t
Qi Qb B 04 PO

QTCS C28401 JH/. SGUIB
QTCP CY net




% T . PR
Yice €9
TTCY 3AF44)
LSS
QIS D92°%)
J7CF 212807
9iID2 09
Q703 09
2704 09
Q705 c9

5> C3DFQ7

Cc30803
C33508

2A3A41
OtFSFF

Es 0%

DAQOQCOS
3cE1B
CDO3F3
3E3D
CDO3F8
3z21

> CDO3F8

3847
CDO3F8
C35407

3EOI
32F 441
C35A07

ZABA4T
Q1 EBFF
09
0A29023
3c18B
CDC3F3
3E3D

-
} CDO3FS

3e2{
CDO3F8
3c47
CDJ3F8
C35A07

SED

3213C41

R
= 32k 44

N IS O o
'-.)Jnu/

STide

DRIV.:R:

DRVRCK:

DRCKA:

wm
(0)}
B
Q)
.

DRCK3s

VLSS e
LR N

REPORT NO.

HET

LOA SEQLHIX

KOV C, A

W1 8,0

LXT 4, DitdCi
DAD
DAD
DAD i
PCdL

o o

c

JMP DRCKA
Jiip DRCK3
JMP DRCKC

LHLD IHTCHTR
LXI B,0FFF5H
DAD 3

JC ssa8

MVI A, IBA
CALL OF893H
MW A, 2=7
CALL OF803H
VI A, 214
CALL OF803H
HVI A, 47H
CALL OF€03H
JUP WAITIHG

MVI A, i
STA SEQIHDX
JMP WAITING

LHLD INTCHTR
LXI ByOFFzBH
DAD B

JE S5Q€

VI A, 1BH
CALL OF3803t
AV ] A, 4=
CALL Or803H
MVI A,27H
CALL OF823H
MVI A,47.4
CALL OF8J3H
J¥P WAITING

NADC-79240-6
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L 3

PRITOUT ol

acan
0&43
024k
847
0&43
D845
:)21‘-':

~ s

¢35l

2854
Cc857
0e54
0853
0856=

Ccaél
0363
8¢5
086"
368

PO O OO
20 W W

)
n o e

G

Q
T

CuB 3
3AGG4
3D
3D
32 )Q‘ .;
‘23ﬁu

\;. 5 = Bal

CLLACC

IR D

2A3A4 1
Q1 AEFD
09

JAS123
€35407

3E03
32F 44}
(a7~
V;DA’. 7
C324ACA

T
3

A
I A O

A08

o e e
e
— L) -—

O L= o N
G NS I — NS
>- ;OO

Cl O
Q)
] =

ced2

55407

C3CsC7

(@]
C

o
B
(@)

3ABC4 1
FZ01
CAS8103
ZABAS
110802
TA

BC
C2A3G3
CEO!I
73

)
CC8407

L
L

(&)
O

REPORT NO. NADC-79240-60

CALL vt

LA Lcinrn

A A

J( i A

5TA L.,Jf?

Jp FIXColT

GALL TOF

CALL PRNTHDR
FIACOHT s

LHLD INTCHTK

LXI B,=-670

DAD B

JC S5ub

JEP HAITIHG
55QD:

AVI A, 3

STA S=QIHDX

aVL Col

CALL SQUIB

JMP PALKSEP
L0JCITR:

o IED, INTCHTR

SHLD TWiTYFV

LAl n,J

SHLD INTCNTR

XRA A

STA RKTFLG

JMP WAITING
RKFSTis

AVl C,2

CALL SQUIB

JMP DRIVER

LD4a RKTFLG

CPI 1

JZ RKFSTM
CKPCtids

LHLD INTCHTR

LXI D,520

MOV A,D

Ci{P H

JNZ 1
dvI C
A0V A
CMP L

€Z SAULB
INIKATDTA

AVI AL 6

LXI E,0

EXT Hq41C3H
SHLI S 1P

L_x'll D) v/ P.Ln(

: ',‘\“ !J
i
SOV B
O
SOV D5




REPORT NO. NADC-79240-60

Viesn 288041 Lifl.D VS [P
32 =2 SPIIL
gais 215200 EXT tiy2
250 39 DAD OP
o 22u04 SHLE MS L2
b 29 D b
A RPN DCX i
G8C3 O DAD 8
" 08C4 €3 IHNX B
g8 £9 S5PHL
03Cd £3 ATell
03CT 19 DAD D
0BC8 c8 XCdG
28C9 E3 ATHL
03CA 23 IHX
g3C3 23 [HX H
oscc 73 S0V,
Q8CY 23 INX H
‘::.)CE 72 x':'{()'\/ a'-"‘:'D

odcr 39D DCR A

03CC C2AEO8 NZ THLOOP

03353 243241 LHLD VSPTR

Jaus 09 DAD 3

I8D7 223241 SHLD VSPIR

2504 2AC44] LHLD YSuidi-2

CEDD : SHLD PREPRINT+2
5 LHLD PSUAI-2
3 SHLD PREPRINT+4

LALD RSUMI=-2
SHLD PREPRIHT+6
23=C 2ADD41 LHLD YsSu42-2

;8 2272042 SHLD PREPRINT+8
T3r2 2aU44] LHLD PSUi2-2
03FD 227242 SHLD PREPRINT+10

=3 2AT341 LHLD R3UM2=2

3 229442 SHLD PREPRINT+12

= 31837 LXI 8P, HEED30

JO1 CTOADY CALL UPDAT

JGa TOFGIY CALL CWTRLAWN

ST C3C907 Jit2 DRIV:ZR
UPDAT:

326G 212000 Lxi H,0

9208 39 DAD SP

Qs 22F641 SHLD SAVz

o911 31C641 LXI 8P, YSUNMI
RES IV

Odls {31 PP D

9i 2ZAEA4 ] LHLD YAWR
218 CDINOY CALL UPLOG
iy 22:3A41 SHIE B Y vzt
Yol 32:0)4 St YATC
POP U
Wooe Bl POP U
85 S -G B 8150 B L el

’ & r

’, . ) ;;;} ;T."‘.LL :;'."I.'i‘.;

o AT Sutiir BRICHY
o wisih | S PO NG




PRUTOUT . Piv.!

N2¢r Tl
0730 Ul
0931 2AEEk4!
0934 CDIOY
0337 2z2tksl
093A 320F41
C93n 3lE241
G940 i
G941 £1
0942 3ADR4I
0945 2F
0946 3C
0947 CDDFIy
0%42A E3

2945 3AUESH

0924 CODECS
0¥51 E3
Q¥3Z =5
952 1
C$5¢ =1
2935 2ADF4
J%33 2F

=

~e3im e
a7y S

AN =y ’\"Duf\v“
v?on LU

535e 2Acz241
29681 3ADD4H

o0
O O
=~
w N
w W
Q0w

0974 £3
0975 3ALESH
CsT3 2F
C979 3C
CSTA CDUECe
c$70 =5
CPTZ 3AF541
09&1 =0l
0v83 L2A2357
0380 2Ac241
0989 22V6sc
C9EC 24z441
QYEEF 236842
Oyv2 2M:041
QG929

IOR2 _:.j
JYey 3OECL
Cove 31u2
nue C31409
0272 2AE !

JPoul

REPORT NO.

POP U

POP D

LD ROLLR
CALL UPLOG
56LD ROILR
STA kLINC
LAL Se 3
pPopP 3

POP

LDA YAILNC
CMA

[HR A

CALL I.5DIS
XTHL

LDA PCIIC
CALL IHDIS
LidLl

PUSH &

POP
POP i

LDA 2BLINC
CiiA

IR A

SALL LdDIS
PUSH i

LHLD D31
LDA YAIKC
CALL IHDIS
PUSH B

XTHL

POP D

POP B

LDA SLINC
CALL INBIS
PUSH B

OCX SP

DCX SP

XTHL

LDA PCINC
Cl

IHR A

CALL INDIS
PUSH ti

LDA TOGGL
CPI 1

JNC UPDON
REEE P3|
SHLD PREPRKI!
EHED 32
SHLD PREPRI!
LeilD 233
SHLIY PREPRII
L IGOL
L¥Xt. sV Yol
SR eSS IbD

J o=l QU

C

P,

»
i\

Lilkh) 23

NADC-79240-60

T+14
S

s ] Sl e
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ni

Y ~ 0

LY B

el | 3
W O
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2 NG L

3 N

1
20

<
T

1)
O

9 9

(@)

T

l
{

3
£
3

As
9
1
:.
()
-
[}

Iy -
T
PN
~ ¥
ondbifly (e
g =9 Y,
=
W
¥ S
i iria e
b St L
p L
fa
a0
do
o3 -
AL
A 30
= & 18
(i 2 5 1
l'.‘.u"J\J:)
19
& Jy
>
| 9
Y
Y
~
POt
i
}
.
;
'y
(2

UPLOG:

LAB=L:

POSAY s

CHihL A

REPORT NO. NADC-79240-60

SHLD Pre2d [ d0+20
EFHE. T §132

SHLD »ReplIdi+22
LAy 33

SHLD pPrEPTRTiT+24
Ak &

STA TOGGL

LHLD SAVe
SPAL
RET

DAD D

HVI A,B0H
AMA H
XCHG

JUZ NEGRS
LHLD QNEG
DAD D

VI A,B3CH
ANA H

VI Ayl
:Z

XCHG

XRA A

RE

ANA H

BV A, OFFH
RNZ

ACHG

XRA A

B

el

cPL 0

RZ

MOV A,DB
JP LAGBEL
CiiA

INR A

MOV ELA
ANT 80+

JP PUSHY
Mvl D,QFFH
DAD D

DAD D

RET

A\“\/I “"0
LS
DAD
el

| =% -4 =

DDA D33+
QAL

"o

.



e
PHRTOUT Pt

09FC DAICOA
QPFF 3Ac341
0AC2 =zETF

VA0 67
QA0S 3AEE4|
0AQ03 2F
CAQ9 3C
OAOA EETF
QACC 6F
QAOD C347CA
CAIQ 3AE34i
0A13 CD7COA
QA16 4F
OAlT SA

CAl3 3AES<1
QAIR CD7COA
CAlE BY

CAIF 223304

ga22 3ETF

0A24 G
0425 4r
QA26 73
CA27 FEBO
0A29 79

CA2A CC3704
0A2D EETF
OA2F 67

CA30 C30504

0A33 3E7F
0A35 90
OA36 47
OA37 TA
0A38 Fe30
OA3A 78

0A40 oF
QA4 3AE341
QAd44 EETF
0A46 67

0A47 22A242
OA4A EB
OA43 2AFAZ|
OA4E 73
OA4F 23

ASA 3AE
OABD oF
ALk |9
OABE 3C

D32G:

OUTPUT:

REPORT NO. NADC-79240-60

e 153310
LOA D31+]
Al TFH

S 5
MmO H, A

LD:‘\ ..Lﬁ? + l
(8457

LR A

XR1L 7Tk
MOV L, A
Jip OUTPUT

LDA D31+1
CALL ABS
A0V CyA
MoV E,D
LDA D32+!
CALL ABS
CHe €

JNC 232G
BV A, TEH

sus ¢

SOV CyA
SOV ALE
CPI 301
OV A,C
CZ CHS
XRI 7FH

A0V H, A
MP HNEGD2

MWVT AqTEH
SUB 8
MOV B,A
MoV A,D
CPI 80H
MOV A,B
CliZ CHS
XRI 7FH
MOV LA
LA B3+l
XRI 7FH
MOV Hy A

SHLD PREPRINT+26
XCHG
LHLD SCPTR

YOV M, E

INX H
OV N, D
INX H

SHLE SCPTR
EXL Hy 3]
Gl D0
LA DCCT
ROV S A
.),“.;-J L9

[isil A



-

P

~ i I
~ 5
JATZ
=
CA73

e

OO0 DD
0~~~ =1

ke i 'Be D 5o T2 s

) Go o 4 of
P Ut = OO0
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A
DAZ
JAac

JAS
AL~
GAOD

ppct
CAED

=
(VIS ()
20

340 O )
.

30 £
Y

o J i 8
- .:_Z. e
iy PR ER SoX Bl =R

cow v

B s W

ke Fa lve

L &

» LY AN
2> My
@ T
R

[
e

(9]
i U
-

24l
FCal

IO SN NN O — — O (L
GO G N W W 3= W) e Lo il o= LU N
)

1 =4
Cy
(@]

3 P WO )~y L = W
WD ~4 'O~

I

€)' N
t'

Ml

=

23 sal
i

o

> 4 0

v 1.5 0
MR (A I
yey

| B

g

Y xrNF
oo AR Y
Jowe
oA
Ssede) !
3

ABS

-

FILTSH

REPORT NO.

[nh A
gL 5

MOV d, A
ACHG

LHLD TLMPTR
MOV M, E

INX H

Mov i,D
INX H

SHLD TLMPTR
REL

OV 3
MVI A
ANA B
.‘:{()V D
HOVOA
RP

CMA

IHNR A
MOV B

o
RE

CicA

IHR A
RET

LHLD INTCHIR
XCHG

LHLD PDwE i
n'f)V ,r‘l

Cdr)
Jied
MOV
CHp
JHZ VIA
MVl C,
CALL SQUls

E)

AITI
¥ b
[\

C)

O:_r..:r-0>

'\)-—4

{Up:

LXI SP,HEED30

LX1
JA0 A/ I

GRLE

LXI
AR

e LL

LXI

sALL
CALL

Pyrbise
CePREKT

303

e

tlg il
Mg 3ot

o
g3l

CHVR OIS

Uioll

NADC-79240-50
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g REPORT NO. NADC-79240-60
PRNTOUT. Pl P24

OABC ChenoA CALL =THLP
OABF 21E441 LXI :,D32
0AC2 CD0OzZ23 CALL CHVRTDC
OACS CDD70A CALE DLSRTTE
CAC3 CDEMQA CALL = LElP
OACB 21tkEe4l LAI H,D33

OACE CHOHE CALL CHIRIECE
CADl CHDDICA CAMLE. DISPIT
0AD4 C390070 Jidpe g

DISPIT:
NAD7 0cz0¢% VI C,PRINT
0AD? 114243 X D ERISP
QACC Cod5n0 CALL 3DO0OS
OADF C9 RET

FI:dlpPs
OAED 21EF0DA LXI H, kOi+]

OAE3 34 IR M

QAk4 3EIE x'VI A, ESE
OAEd CDO3F3 CALL 22934
OAE9 3E3D MVI A,7="
CAE3 CLO3F% CALL OF823H
GAEE 3E3I 04 VI AL 31
OAFO CDO3=3 ELEE €E863H
CAS3 3530 T A3
QAF5 ::OJ:’ CALL 0OFE03H
CAF3 213742 EXI H,FCHT
OAFB TE A0V AN

0AFC 34 [HR
QAFD 214443 LXI H,FDISP+2
QEcCo 77 OV M A
OBOl 014843 LXI B,FRISP*0
CB04 C9 RET
CHNVRTDCS:
$COMING IN,HL=ADDRESS OF DC TO Bz CONVERTED
$FOR DIQPLAY OR PRINT
i BC=STORAGE BUFFzR ADD. FOR CONVERTED VALUE
OEO5 5E MOV E, N
0B0s 23 IHX d
0BO7 56 MOV D, ¥
OBC8 cB XCHG

CB09 3E80 “VI A,304
0B0OB A4 ANA H
OBOC 3E20 WL Ayt 7
CEQRE F21605 JP CNVCONTI
OB!l CD63C4 CALl ICHG. 5 lF <O bAKE 278 CUMP
0814 352D MVI A,7-
CNVCONT 1 ¢
0816 02 SiAX 8 §$STORE SIEGN OF VALUE (% OR =)
oBt17 O IhX 8
uBt8 C5 PUSH 8 $SAVE BEFORE TALL T #ULT AND bLIVIDS
$DECIVAL VALUE OF DC = Hr\ VALULEZ4 000H
$=3 [ O0O%! VAL=10n0%HEK VALZ4000:H
FEBL LRI TES dEey) FaR FLACT Ll DIVES 10K
QBIY 22C737 Jxﬁﬁ wmL1w 1
Ol 2I1ed0s EX s 1000
OBl 2000 i SHLE ZLT?E
Obze COYE)A . 5 A | O
D2 PACTS Litl.U ANSL




REPORT NO. NADC-79240-60
P2t s PUREE L e I PACGE
s 239931 SHLD OVinL
S50 280340 LHID AdSS
j2n 220237 SHEL L) DV e
s3l 205089 LAT B, 400080
%% 220837 SHED DYSRHL
SF 215599 Ll 0
YA 220637 SHLD DV S
D330 CERON4G CALL DITVIDE
0540 C S0P B
Q341 3231 MVE A,217
NB43 2ALR3T LALD QUOTL
0246 1118FC LXI D,=1099
Q849 19 DAD D
534X DAD308B JC CRVCOAT2
284y 3230 AT A 2G84
0354F 11=z303 LXTI B, 10908
0832 19 DAD D
CHYCOlT2:
8353 92 STAX B
G554 03 I8NX B
02355 3E4= Al S P
G857 92 STAX B
9355 33 INX B
ga85¢ CD3E03 CALL HTOA
0358 U7 ReT
HTOAS
333D 1 19CEE BT i =Sl
13468 Co2=z03 CAEL GE=TASE
33623 11F6FF LXI D,=10
5855 <bse08 CALL G=TASC
oB&? 7D HOV A,L
FESLE €630 ADI 30H
QeSS 22 STAX 8
Uagl HEl
SE1ASCE
ISSE Aoy ST A 2ied
G2hASGL S
i TAD D
S [ A
YT J& Ge[ASCLP
. STAX B
K R 5
S ACHIG
G504 CALL TCie
=t XCHO
B DAD D
O AzT
CHOECE:
D - ARA A
sashe Vo= R0 D 0 R L
R B T ERE e rColiard
i i HOV :~‘., A
: AU
i vi 3 av L iy
Ces ek B

SV YA
\ [ein H

PNNEY Y
5 t

Y




 AD=AO77 479 COMPUTER SCIENCES CORP HUNTINGDON VALLEY PA F/¢ 1/3 :
. HICROPROCESSOR CONTROLLED EJECTION SEAT.(U)

K M BREAKEY N66269-78-c-0!91
UNCLASSIFIED NADC=79240-60

MME'Q
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PRNTOUT . Pl

REPORT NO. NADC-79240-60

0BE&C
oBar
CE91
7894
IB9S
0399
OB9C

089k

OBAI
OEA3
03A6
OBA9
0BAB
OBAE

C3EO

[ov il e5]

o w
T M

-
|65

oy

OVO0O G

~N = MY

O 93

PR B
(Y90
(Yosfebe
Unre
-~ S
Qe CEC

C2296H
CZ0OF
CEOHE0)
Ocla
CHOLOD
118C75
0=z0H9
CLO506

NENI
CLou%9
320¢42
FE3I
CAEEDOS
rc32
CACIOB
S04
CD03F3

€BHE0S
Cbreos
c9

1A
i)
B3
25
oD
C2D30B

c?

212241
01C042
€ho203
21E441
01C842

Cuo598
212641
Ci1CC042
CLIB508

Jild

a1

CaEl, ¢

WV I

ChlP
C,0Pzi
136

~ it
2ot EAD

CALL 3005

EX]
vl

CALL

GzTTo1ds
WV I

CALL

STA
(G4

2y &0
CoPeldT

AVI0)

C,COHTH

51203
FC5R01+6
3itd

JZ Test!

wVIE . 4
CALL 0OF293H
JMP GeTISTH

TEST2iE

1

MOVABUF 2

s MOVE

MOV

/C’/ CHARS. FROA
LDAX

FHTEDES

’. — .
sT ORIz

Yy THTLDCSE+6

(@]

16
H,D31
MOVABUF

L
L SETPRNBCS
L

SETFDISP]

/DI
5)
M, A

INK D

IHX
BIER
JNZ
RET
SETPRIDCS:
LXI
LXI

CaLL

LXI
EXL

i
&
HOVA3SUF

H,D31
3,PRNTBUF+23
CHVRTDCS

iy 232

B, PRNTBUF+36

CALL CHVRTDCS

LXI
£l

i, 133
3, PRATRUF+ 4

CALL CRVITERES

ek
Tl S B B

Ll
[

Vi

vl

LS

TN stz ey
‘."[‘i‘-I-‘ b S
e

iyl L SPH0
€y

CALL SOVAJUK

o
e lohe b 56

- gt

BUFF T( *H” BLSE
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»
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LAL il,0ISP1+64
BYT (8

SALL SOMABUE

LAL 0, PEITSUIR+44
Lxi &, fdisal+iig
WEE 85

call movabuf

RET
bl

LXI H,PKiDK

VI A,70

STA CHARCITR
CALL PRINTIT
call tmout

MVI

STA

RET
PRNTINTLN
EXT
MV I
STA

AyBH9
LNCNTR

d, PRIATBUF
A,69
CHARCWITR

CALL PRIUTIT
call tmout

PRINTIT:
VI

SOV
IHX

RET

€131

S
(=P

2!

CALL BDOS

LDA

DL it

STa

CLaPR2UFS
3 R0OUTIHE TO
‘I'(‘ ! I
v T

CAARCIHTR
A

CLEAR PRIMNT BUEFE:
Cy 65

HyPRATBUF

5,204

ok

H

LT
PRCLRLP

CALL CLEBPRBUF
MVI oA,
GALE [NEXEOTS
2015259
LELY PPl +2
LXI 34PcdT3UF+I0
CNEL CUvVESSNTA
W bad2)

LIl PRUEPRINUT+4
LNT B Pl litaicrti s
el GV IR
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R ar250)
LelLD PL=EPKTHT+S
LALI 8,PRJATLUE+22
GAEE i T A
D2 HEHG20s)
LALD HyPRePRI.ii+14
LI B,PRrATBUF+28
CSANLE CIViiTDCS
D32(1<29%
LATI H,PREPRINT+i6
LXI E,PRITBUF+306
CALL CNVRTDCS
D33(1.25)
LAXI H,PREPRINT+13
LXI u,PR! RUF+24
CALL ClEVRIDES
LAl H,EOZOH

SHLD 25NTBUF+55 $E0 RUL
SELD PRIT3UF+64 s 80 PCi
MVYT A,69

;* CHARCNTR

LRI H,PHJITBUF
CALL PRINTIT
call tnout
{eT

CALL CLREPRBUF
XHA A
SALL INTX2PT3
A(2.9)
LHLD PREPRINT+8
LXI B,PRNTBUr+i0
CALL “NVQDAL\
Q(2.5)
LHLD PREPRINT+10
LXI B,PRNTBUF+16
CALL CMNVRDATA
P(~.3
LHLD PREPRINT+12
LXI B,PRITBUF+22
CALL CNVRDATA
Sk 2 D)
LXI H,PREPRINT+20
LXI 5,PRITBUF+23
CALL CHVRTOCS
D3202.5)
LXI H,PRzZPRINT+22
LXI 5,PRNTRUF+36
CALL CNVRTDCS

D33¢2a5)
LXI il P?lt 1\;+‘1
EXI Bevai 3L

ALL Vi 1'(‘
HROLL Cidiva

G i = o TN
Lol 2lspPRiai+20

fFLL S TGl
SiA Pl 3iE+95

LAk Guikbi

(IAE:
sihiay

CMHD
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STA PTiHiF00
N £,

oV

CALL GETWLT

STA PHIT3UF+H4
AL GETEST
STA PiT3UF+65
Wi Ay69

3TA CHARCITR

LAl H,PRITBUF
CALL PRINTIT
call tnot

ReT

AYI A,QF0d
AHA L

RAR

RAR

RAR

RAR

J#¥P GETCiil

W1 A,O0FH
ANA L

CPI 10

JC LT10
ADI 37H
RET

ADI 30

At
ALUE FO BE COtivVe
ACD. OF STORAGE

=%

JP CiviDl
CALL TC15
AT A, 7=

STAX B
INK B
PUS

HE
SHLD MLTPI
LXI iy 1030
SHLD MLTPR2
CALL wult
LHLD AiNS.d

Siilb
Lilh
S e,

LXi

SULD G

|
I,

" ® ]
. l“.I,l.

DV
RS
GViioL
iy 404
Vol
fgd

NV S

SV T

SNEEES
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PRETOUT o il

DDECA
QDeEL
ObeE
obT1

0b72
oL75
0n73
0D73
oL7E
vt

0D~a4
co87
ODSA
obec

O
0090
0092
0D93
0D94
0097
0DS5
0599
0D9C

QDSD

ODAD
ODA3
CDAs
OCA8
ODAB
ODAC
ODAF
0DB32
0DBs
ODES8
ODBS

obse C

OCBF
oDC2
coe3

oDcs
0GC7
00C3
0uC9
CCCA
CLCB
ebce
cueh

obile
0uho
i3

OLSH

2AD3B37
Cl
CDolCH
co

328447
2ABAA]
22C137
2 1 O."x A:
22C137
2653
2~C137
3A3442
FEOI

CAEBrGD

EB
3E03
A3

07
213A43
85

6r
D2900D
24

22A19D

2A3443
22AA42
3EZE
324942
EB
CDCeOD
CDCo6CD
1118rC
01A542
CD6EO3
CD5C03
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LHILD OUGLT.

POP

R

CALL iiTOA

RET

LITA2P TS

ANDBITS:

STA

L2PTorLG

LHLD THTCHTR
SHLED L TR

LXI

H, 10

SHLLD NLTPR2
CALL MULT
LSLD ANSL

LDA
CPI

X2PT5FLG
|

JZ suUaTiPT25

LCiHG

itV 1
AtlA
2LC
LXI
AZD
A0V
JHC
Ihg

CONTINX23

SHLD TSBLLBL+I

TBLL3L:

A,3
3

=

ity BASEE
L

L,a
COHTIRR2

i

LHLD TAELE
SELD PRNTBUF+6

AVl
STA

A’I'l

PRNTBUF+5

ACHG
CALL ROTRGHT
CALL ROTRGHT

LXI
LXI

D,-1000
B8,PRHTBUr+I1

CALL GETASC
CALL HTOA

RET

SUBTIPT25:

ROTKRGHT =

LXI
DAD
JHP

XRA
*QOV
RAR

AOV

MOV
RAR
SOV

RET

WV I
SIA
W

V1

Py=5
D
ANDBITS

A iCLR CARRY

Ay D

CitAh ST
R
Gyl dol
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CALE BOGS
call Etmout

1
dcr
sta
jnz
ret
tmottts
LXI
THOUTLP ¢
DCR
JNZ
DCR
JHZ
RE*

DRV ILiis EQU
DRVOJT: =2t

ERi85s =ZQU
SETALOs gQU
GeTCURs ZaU
GETINB: EAU
SETVCB: EQAU
I.0I7s cCU
TEL Iiies =g
L1sT:  E2U
iAo

ML) 8YS

a
& 123 Y
L ) . e
R E e
aOY[Ps QU
SEOPIPe QU
LR A 78 e
YuuAlAe Edld
Pl AlA Y
UIDATAS 226
ETJUdke =00

A =N, 4.
’ . 2 l.

charcntr
3
charcntr
toflo

1, 0FONOH

I

TI;/'\() U’I'LP
H
TAOUTLR?

E SYS. CALL PRNMIRS.
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FPiullTOUT JPii

CoOl8
cnos
CO2A
37C0
37C0O
37¢C1
37C1
37CiI
37C3
37C5
37C7
37C9
37CF
37CF
3700
3702
37C4
37L6
37828
372A
378C
370E
37e2
37E2
37E4
3726
37ES8
37EA
37EC
37EE
37F0
37F1
3772
37F4
37F6
3758
37FA
37FC
JEER
4160
4160 50
4161

4162

41E0

4150

41B2

4184

4186

41E38

412A

413C

41105

t1C6

+1C0o

$1CA

410CA

4I1CE

41CE

ie .
— L

"S-

LGT:

‘O

CiTs

I.\.--"Jl..:

wLTP2s
CARYdV:
“LTPI1 ¢
‘ASVEP ¢

SIGN:
DVNCL ¢

MOVPTR:
FiliFO:
THPSP:
STRLOC:
STRTPT:
ALST:
AMST:
CTR20:
CTR60:
IVAL:
XZERD:
LISVSP:
FZERO:
FONE:
FOXIL:
FOX1i:

INBUF:

VSINP:
VSPTR:
PDRFTH s
ALT:

SPEED:

INTCATR:
BKTFELG:
FANTY RV s
YOULT e
PSUNI 2

RSUMT ¢
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eQt) 1
Oy 8

=GU 2Atl
GG 3TC0H
s

J8 2

ORG 37CIHd
0G5 2

oS 2

BS: 2

usS 2

psS 2

ORG 37CFH
psS
[2S
0S8
S
DS
DS
IS
oS

DN NN NN —

GS
ORG 37E2H
DS
DS
DS
DS
JS
oS
DS
DS
DS
BN
DS
bS
DS
DS
DS
DS
ORG 4160H
DB 80

DS 1

DS 80

0ORG 41B80H
DS
oS
DS
DS
DS

DO ==

NN

s 2

RS |

w2

ORG 41Cal
JS 2
ORG A1CAH
b
ORG 410k
0 2

s e

A ke




PRITOUT PR

42C6 2020
42CH

2CE 2020

200

4206 2020202020
4203 2020

420D 20202C2020

4254 2020
42E6 OAQD

PRADN ¢

42E3 2020202054

42F2 2020522020
42FC 2020202050

4306 4443312020
4310 2220297020
4318 2020z24C2E

4324 2050432E43

432 020D

IHTLUES

432z o000
4330 0044

4332 0Ca0

4334 0070

4338 D000

4338 204C

4334 3030 TABLE:
433C 3235

33E 3530

4340 3735

4342 444320203D-DISP:
434F QACC

4351 24

4352 OACAOD FDISP1:
43355 4945295449

4368 20202020
436C 46494E414C

437D 0D

437E 4443312030

4384 DACD

438C 444332203D

43¢3 JAOC
4394 4443335203D

4346 24

A3 AT

o
o
=
O

DB

o

S
~

B
D3
B]3
OB
DR

N3
I35}
Do
DR

v

DB
b}
N3

OB
3
0B
JE
DB
o8
)
0B
DB
D3
DB
D3
DB
0B
DB
DB
DB
DB
DB
OB
0B
0B
03
)]

cilD

REPORT NO., NADC-79240-60

’ ’

(557

’ /’

O ’

/ ’

’ /’

’ 4

4 /’

NAH, ODH

’ 'r /’

s R )

’ p) ’

7500 BDEL

£ RER 4

4 mE.Ciiby ' *

& e Ciltlin2

(\'.“‘.;11 3:/';{

G, 00 90 EG 2
QAR 30 Se s S
0,08 190 885 033
03,00 3180 #EH 31
00,00 3180 L=G U32
00,404 1180 TG O3
I;_‘jOI

7257

7357

1751

? N = ’

e
NAH, OCH
Y

OAd, CAH, ODid

< INITIAL ORIEKNTATIONZ

/ ’

’EIHAL ORLENTATIONZ
ODH

ZRel = 7z

O0AH, 02d

sDC2 = £

Oi:‘l, ODH

7[C3 = i

ISI

1 0GH

el

b




»

V)5
rlo
& AITA
41 €
4175
& 41D0=
" 4I1DF
41E2
»  &lZ
41E1
4156
& 4lEA
41857
41EE
A 4]1EE
41 F0
41iFD
& 4]
alFad
4175
™ 4154
/ii;:;‘;'
4154
s 41 FC
1200
200
- 4201
423C
6221
& 4222
4227
4242
& 4243
4248
o 42482
4204
4267
™ 4734
~~ “,;_
A0 9%
‘.
4234
$2 A5
P F it
i
. Al
o
-~ o

3244415441

A8
NN PN N NEYD
LI29203028 8
AN
o 15 o T B o ¥
/A)w)
24 e,
ANy,
X 'I,)\\
i
s Y Y Y%ry
“he
3 3

YSM2:
RUNER

RSUM2 3
YAINC
BEINE
RLINC

N3
D32:
D33:

YAI‘ H
PICHR
ROLLR

QPOS:

NI M.
JI,v_’_!).

SEQINDX:

TOGGL s
SAVE:
DCCT:
SCPTR:
TLMPTR:

FC3RD1:

FCODRFT M DS l

RiPORT NO. NADC~79240-60
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APPENDIX B

MULTIPLICATION ALGORITHM
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The multiplication algorithm used in the program is based on & method

which was actually designed for hardware implementation in digital

systems known as the Carry-Save Multiplication. (See DIGITAL SYSTEMS:
HARDWARE ORGANIZATION AND DESIGN, Frederick J. Hill and Gerald R. Peterson.)

BASIC DESCRIPTION

The process of multiplying two n-bit binary numbers (to obtain a 2n-bit
product) can be viewed basically as formming a 'list' of n numbers
(partial products, where each partial product (pj, i=1l, N) is equal to
the multiplicand shifted i-1 places to the left if the ith bit of the
multiplier is 1l; otherwise is equal to 0) to be added together, one at
a time, generating n-1 partial sums, the final sum being the oroduct.
This process, with n=4, is illustrated in the example in Figure B-1.

It is this concept of the multiplication process which orovides the
basis for the Carry-Save algorithm. There is a difference however in
the way in which the partial sums are generated. In the carry-save
addition process, each colum is considered as essentially independent
of the others so that the carry bits are not propagated, but saved as a
separate value. This value is then shifted left by 1 and included in
the next 'addition'. By this process, n partial sums are generated.
The final carry-save value is then added (normal addition) to the nth
partial sum to get the product. Figure B-2 illustrates the basic Carry-
Save multiplication process on the same problem illustrated in Figure B-1;
Figure B-3 illustrates a ‘computer form'’ of this example.

An analysis of this example shows that each partial sum is actually a MOD 2
sum of the 3 values. This can be effected logically by XORing the values,
which gives the following equation:

PS;, 1=1,n"F5;-1®p;®CS; 17 PSG=0

Though not as obvious, it can be seen that the logic equation for the
Carry-Save value generated with PSi is:

CSi,i=1,n=(CS{_1°PSj_1)+(CSj_1 Pi)+(PSj_1 pi) ; CS;=0
where -is logical AND, and + is logical OR. Thus, to implement these
equations in software then requires only that the machine provide the
capability to perform the logic functions XOR, AND, OR.

IMPLEMENTATION

Two parameters (the multiplier and the multiplicand) are passed, in
memory locations 37C116'37C216 and 37C716’37C816 respectively, when
the MULTIPLY subroutine is CALled. Each of these is a signed (mst
bit = SIN), 16 bit twos cawplement number. When the multiplication
is camplete, a signed 32 bit product is returned, in memory locations

=Bl
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1011
- x1101
1011

{ PS, { % 0000

multiplicand
multiplier

partial P,
1011 products  pj
1011

10001111

FEtELt t

product

0000 z
PS:p + P, = 1011
1 ' 2 ~ +0000
01011

01000  *
PS, = PS, + pq = 01011
% L +1011
110111

1110000 *
P=PSy=PS, +py = 110111

1011
10001111

*The superimposed bits indicate the carry bits generated by the previous
colum as they propagate through each addition

FIGURE B-1

-B2-
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1011
x1101
1011
0000
1011
1011
10001111
0000 ~ PS, (for uniformity)
0000 “ CSg (for uniformity)
+1011 By
1011 = PSl
0000 = Csy
0000 ~ CS, (shifted left by 1)
1011 - PSy
+0000 < P2
01011 ~FS,
0000 - CsSy
0000 +~ CSy (left shifted by 1)
01011 ~PSp;
+1011 < P3
100111 ~PS3
0010 + €Sy
0010 ~ CS3 (left shifted by 1)
100111 = PS3
+1011 “ Dy
1101111 < PSy
0010 < CSy
0010 < CSy (left shifted by 1)
1101111 “ PSy
10001111 * Product
FIGURE B-2

-B3-
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Sig. Reg. Val.
PS, 0000 1101 ) AC
So 0000 cs
Pi 1011 | 4
PSy 1011 1101 AC
S 0000 ) cs
Shift 0101 1110 xC
Py 0000 $ M-
BS, 0101 1110 AC
o 0000 ) cs
Shift 0010 1111 ac
P3 1011 | =
PS3 1001 1111 AC
CS3 0010 I cs
Shift 0100 1111 AC
Pg 1011 f o
PSy 1101 1111 AC
CSq 0010 ! cs
Shift 0110 1111 | AC
AC

B8 "B B-E B°8 &-

Add = prod 1000 1111

Note: left shift of CS value is accamplished by right shift of PS; .

FIGURE B-3

&

&8
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37(:116 37C216 37C316 37C4 16 t© the CALLing routine.

Before proceeding to multiply the two numbers, the subroutine checks to

see if either number is 0; if so, the product is set to 0 and returned
to the CALLing routine.

Since, in order to multiply the numbers they must both be positive, the
routine now checks the sign of both numbers and determines the sign of
the product and sets a flag accordingly; then, the absolute value of
each number is used. At the end of the multiplication, the sign flag
is checked and the product is set accordingly.

-B5=-
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