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GDA63-1141 ..

FOREWORD

This report is intended to acquaint computer programmers and guidance engineers
with computer program Number 2302 (LICOS) which is used to simulate the Libra-
scope Model -1 and Mode!l -3 vehicleborne computers. Information concerning these
computers was drawn largely from References 3 and 4.

The LICOS program was created by the GD/A Scientific Programming Group, in co-
ordination with the GD/A Centaur Guidance Analysis Group.

-Some familiarity with the Librascope computer on the part of the reader is assumed

in the writing of this report.
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LICOS, programmed in 18960 to simulate the Librascope model ASN-24-1 computer and
function generator, was modified extensively to permit simulation of both the model

ASN-24-3 computer and the telemetry data converter. It has been modified subse-
quently as required.

This report gives a general description of the Librascope computer followed by a de-
scription of the simulation of the computer, function generator, and telemetry data
converter. All information required for using the LICOS program is given in detail.
In addition, all printed output and magnetic tape output obtainable from LICOS are
described. -
Because program modifications are frequently made as required, this report may be-
come temporarily outdated until its content can be correspondingly modified by
revision pages.

WL & -
"Mf'*f et

All computer functions are simulated by LICOS with the exactness required by the
GD/A Guidance Analysis Group; many operations are represented bit-for-bit. The
simulation performed by LICOS is sufficiently accurate to permit thorough testing of
preflight and inflight programs before they are actually used in the Librascope com-
puter; it is recommended that. LICOS be used fully for such testing.
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SECTION 1

LIBRASCOPE ASN-24 COMPUTER (MODELS -1 AND -3)

T
g
i
i
i
Bl
L o
&

1.1 DESCRIPTION. The ASN-Z24 computer is a drum type, general purpose, elec-
tronic digital computer which uses two's complement arithmetic and real time inputs

to perform arithmetic and logic operations called orders. The drum turns at 6000
revolutions per minute. Sixteen hundred magnetic oxide strips are scribed on its cy-
lindrical surface parallel to the axis of revolution. Electromagnets called writing
heads, fixed to the computer case, impart magnetic polarity to small portions of each
of these oxide strips as they rotate past; the circular path of magnetized particles

(bits) formed around the drum surface by each head is known as a track. The drum

is divided into sections containing specific tracks, and each track is subdivided into

64 sectors, each containing 25 (1600/64) bits, the polarity patterns of which comprise =
the orders or instruction words. These patterns are picked off by other electromag-
netic coils known as read heads, and are delivered to the appropriate addresses in the ‘
computer to perform the ordered operations. * e i

TR R TR B el

I,

Data for the program are stored in the main memory section of the drum which con-
. tains permanent and temporary track sections, an accumulator register, a sigmator
long line, and an MSCAN circuit which scans the memory signals to form instructions
known as control words. The main memory capacity for the Model -1 computer is .
2560 words. The Model -3 uses eight additional tracks bringing its capacity up to EE R
\ 3072 words. ' 1

Tracks in the permanent track section may be read but not written during the program.
They are loaded with the guidance program from paper tape. The Model ~1 has 37 L.
permanent tracks: Numbers 0, 1 through 27, 31, 0*, 1* through 3*, 16*, and 17*
through 19* The Model -3 computer has 44 permanent tracks: Numbers 0, 1 through
26, 31, 0*, 1* through 5%, 16*, and 17* through 25*.

F

; The temporary tracks may be both written and read by the program. They are used to

store intermediate values during computation., The Model -1 computer has three
temporary tracks, Numbers 28, 29, and 30. The Model -3 computer has four tem-
porary tracks, Numbers 27, 28, 29, and 30,

The accumulator register (A,)) is a track which recirculates every word time; that is,

8 the read head on this track picks up the 25-bit pattern and feeds it back to the write

- head so that the track at all times consists of 64 identical words It is the only regis-
ter addressable by the prozram.

The sigmator long line is a }2-word-recirculating track by which velocity, time, and
position inputs are available to the program. The torquing and steering commands,
main engine cutoff signal, and telemetry are output from this track.
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MSCAN is a flip~flop circuit which samples various signals to form a 25-bit pattern
known as the control word. The bit positions that have meaning for the program are:

Py ' Ignition Alert ¢
P2 Exit from Short Loop
P5 through P9 " Mode Word Number

External commands may be fed to the computer during execution via the MSCAN,

1.2 FUNCTIONAL DESCRIPTION, The Librascope computer uses 25-bit instruction
and data words with the most significant bit, Py to the right.

The instruction word is divided into three basic parts: the ORDER, the ALPHA AD-
DRESS, and the BETA ADDRESS (see Figure 1). The ORDER tells which operation.
is to be performed, the BETA ADDRESS tells where the operand is located, and the
ALPHA ADDRESS tells where the next instruction to be executed is located. Each
address consists of a track location and a sector location.

'

PPPPPPP,PPP_PPPPPPPPPP5PP‘P;)PP

2472322721720 19 18 17 16 15 14 13712711 1009 8 7 6 4 3 1°0
L A . AL ) 7- A A v
v Y A 4 A2
TA TB SB SA 0
TRACT - TRACK - .SECTOR - SECTOR ~ ORDER
ALPHA BETA BETA ALPHA
I |
B
BETA
[ ADDRESS
: |
[
ALPHA
ADDRESS

Figure 1. Instruction Word Format

e
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Example: Instruction Format in Decimal and Binary

TA TB SB SA 0] binary word
01001 11001 100111 001101 001

18 ~ 19 - 57 - 44 - 4 . decimal word

The data word consists of a sign bit (Pg) and 24 data bits (see Figure 2). All negative
numbers are carried in the two's complement form. The words represent fixed-point
numbers with the binary point between P and Py. This dictates that all numbers used
in the computer must be scaled to absolute values less than one.

\\ _/’
NV -
Fractional Number Sign

Figure 2. Data Word Format

Example: Binary-to-Decimal Conversion Positive

000000000000000000000101.0 binary word

2~1 = ,50 .625 decimal value
-3 .125

2 = .625

Example: Binary-to-Decimal Conversion Negative

111111111111111111111001.1 binary word
-2 .
2 = .25 -.375 * decimal value
-3 125
2 U= ==
.375

Instructions available to the programmer are of 3-bit order and 8-bit order types.
The 3-bit order instructions use only bits Py, Py, and P, to designate the operation,
while the 8-bit order instructions use Py, Py, Py, and Py5 through Pyg (TB in




!

%
-

v GDA63-1141

Figure 1). In the latter case, either the track location of the operand is implicit in
the 8-bit order, or no operand is involved, as in a shifting operation.

There are seven commands in the 3-bit classification. They are:

Order Mnemonic Description

: 0 AT C(M) to A, |
1 AD C(M)+Aq to A, |
\
|

2 _ MU C(M)xA0 to AO
3 SU C(M)--A0 to AO 5

4  EX C(M)nA0 to AO
5 DV AO/C(M) to AO . i

A0 Positive, Transfer

to BETA

Bl e

AO Negative, Transfer
wherein to ALPHA

u‘v

C(M) is the contents of a sector from main memory
Ap is the contents of the accumulator
N is a "logical and"

All 8-bit order commands have an order of 7 and are represented by a mnemonic of
SR. The value of TRACK BETA determines the operation in these cases. The in-
structions are: '

TRACK BETA DESCRIPTION
0 Ap to Sigmator Long Line
1 g to Track 28

A to Track 29 {Model -1)

]

Aq to Track 30 {Model -3)

Ap to Tracks 28, 29 (Model -1)
Ag to Track 27 (Model -3)
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TRACK BETA DESCRIPTION

{ Agto Track 30 (Model -1)

4 A, to Track 29 (Model -3)
A, to Tracks 28, 30 (Model -1)
3 l An to Tracks 28, 29 {Model -3)
6 AO to Tracks 29, 30
: ' Ag to Tracks 28, 29, 30  (Model -1)
7 l AO to Tracks 27, 28, 30 (Model -3)
8 Not Defined
j 9 Sigmator (Y02) to A,
v 10 Mnto A, (Note: Mn = MSCAN)
. 11 Sigmator (Y01) to A()
b 12 Mn 0 Ag to A, Right Shift
13 Ag Right Shift
14 Mn N A() to‘AO, Left Shift
15 A Left Shift
16 Stop Computer
‘ 17 Power Turn Off

. Telemetry Discrete
18 Order Code Test Discrete
Reset H Flip-Flop {(on ground only)

Booster Cutoff
19 Vernier Cutoif
Mode Accept Discrete

: * en
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TRACK BETA ' DESCRIPTION

l Reset S6 Flip-Flop

20 Reset H Flip-Flop
Resct Main Engine Cutoff
21 Set 86 Flip-Flop
Sustainer Cutoff
22 { Reorient Discrete
Ground Mode Complete
i 23 A, to 9 Time Flip-Flops
7 94 Not Defined  (Model -1)
FRU Discrete (Model -3)
: 25 Set H Flip-Flop
3 o Not Defined  (Model -1)
- FRV Discrete (Model -3)
: ‘ o7 Not Defined (Model -1)
" - FRW Discrete (Model -3)
. ’g Not Defined  (Model -1)
- FRU BAR Discretec  (Model -3)
29 Not Defined  (Model -1)

FRV BAR Discrete (Model -3)

[ Not Defined  (Model -1)
FRW BAR Discrete (Model -3)

W
[
Po——

31 Not Defined

i 1.2.1 Inputs to the Librascope Computer. The two types of input to the computer

5. are 1) the programs controlling the functioning of the computer, and 2) the data inputs
' to these programs during their execution. In the first group are the guidance pro-
gram and the SoT or sector address track program, both of which are loaded into

the computer permanent storage from paper tape. In the second group are sigmator
time, velocity, and position values, and the autopilot ignition alert signal.

Using the velocity, position, and time values from the sigmator long line, the guidance
program solves the guidance equations, and computes torquing and steering commands
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to correct any errors in the trajectory. Cutoff points are also predicted and computed
values are telemetered.

The S()T program, a special track loaded with the program and called the sector ad-
dress track, dictates the operation of the sigmator and MSCAN, controlling the timing
of the integration. countdown, and telemetry.

To derive the sigmator time value, an external clock sends 1300 pulses per second to
the sigmator short line track; this procedure gives each time pulse a value of 1/1300
second, thus determining the scale factor of this basic input. Every half-revolution

’ of the drum, the accumulated pulses on the short line are added to the time value on
the sigmator long line.

To derive sigmator velocity values, an accelerometer sends pulses to the sigmator
¢ short line track, each pulse representing 0.1 ft/sec. Like the time values, these
velocity pulses accumulate on the short line, and are added to the previously accumu-
: lated velocity on the long line every half-revolution of the drum. This new value of
velocity is stored on the long line as current velocity. & B

i The position values on the sigmator long line are updated at a rate of 162.5 integra-

: tions per second. The integration consists of adding the current long line velocity to

’ the position value. This gives each position pulse a value of (0.1 ft/sec) (162.5 int/
sec) or 1/625 feet. '

The autopilot signals to the computer that ignition alert has been given bv placing a bhit
in Py of the control word in the MSCAN.

1.2,2 Outputs from the Computer. Computer outputs consist of commands to the
guidance system and telemetry signals.

Steering and torquing values are computed by the guidance program and stored on
specified gectors of the sigmator. They are picked up automatically from the long
line and sent to the torquing and steering modules to correct the trajectory of the
vehicle. When the guidance program reaches a computed cutoff point, the computer
sends a discrete to the autopilot which then turns off the engine.

The guidance program specifies the quantities to be telemetered and stores the ap-

‘ propriate values on a data link of the sigmator long line. The Model -1 computer
telemeters one bit every 32 word times; the Model -3 telemeters one bit every eight
word times. If no new data are stored on the data link between telemetry discretes,
zeros are telemetered. The choice of values, the order of telemetry, and the number
of intermediate zeros telemetered are exclusively functions of the guidance program.

(74
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SECTION 2

GENERAL DESCRIPTION OF THE SIMULATION

The purpose of the LICQOS program is to perform the functions of the Librascope
guidance computer, and produce a printed output of the intermediate and final solu-
tions of the guidance equations through the TBM 7090 computer. Figure 3 shows the
various input sources and output capabilities of LICOS in a block diagram constructed
around the 7090,

2.1 SIMULATION OF LIBRASCOPE COMPUTER_INPUT. The two types of input to
the simulation are the guidance program and the data to be analyzed.

2.1.1 Program Inputs. The guidance program is read into the 7090 core from binary
cards produced by Decimal Assembler Program No. 2238, GD/A Scientific Computer
Programming Library. Each card contains 22 words of data and the location, relative
to 1750 (octal), of the first data word on the card. The words are ordered first by
track numbers beginning with tracks 0 through 31, continuing through the starred
tracks, and then by sector number from 0 through 63. Each 36-bit 7090 word con-
tains the 25-bit l.ibrascope word within it, left-adjusted with the most significant

bit. Pg. to the left; thus:

p P p
0 _ 2425 25
! |
- —v _AL e J
Librascope Word Unused Bits

There is no provision for the input of an Syt Program, since the sigmator simulation
is not bit-for-bit. The few functions of this program that must be taken into account
are incorporated within the individual instruction simulations.

2.1.2 Data Inputs. Data input consists of velocity, position, and time input to the
sigmator, and the ignition alert signa! from the autopilot.

Sigmator velocity and time pulses are not actually accumulated on the short line, but
the approximated values are stored on the Jong line to give the same results. The
four methods available for obtaining velocity and position input to the long line are as
follows:
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a. Telemetered Values. The simulation at present is programmed to accept the
Thrust values of velocity and position. These values must be rescaledto sigmator
scaling before they can be placed on the long line as the original sigmator values.
Each set of these values will drive the guidance program through one cycle of
computations.

h. Closed-Loopsimulation. The closed-loop operation of LICOS and COMBO is
referred to as a separate program, called COF1IC (Reference 2). The COMBO
routine computes the velocity and position of the vehicle at all times (Reference 1).
LICOS merely scales these values properly and transfers them to the sigmator.

A new set of values is required for each computation cycle of the guidance

\’g}; program.

c. DPreflight Simulation. The preflight routines compute the velocity input for the
sigmator. No position is used. :

Y

b
Lt

i

d. Open-~Loop Simulation. Velocity and position ure computed from an acceleration
profile; i.c., a step function of acceleration vs. time which approximates the
expected acceleration curve for the flight (See Figure 4). A subroutine of LICOS,
- known as FEXT, takes these acceleration values as input and computes the cur-

rent value of velocity and position in floating point. LICOS then tukes these

‘ values, converts them to Librascope numbers, and stores them on the sigmator,
This process of updating the velocity and position values is performed each time
a value is.requested from the sigmator.

—
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R

. Sigmator time input may be provided from a telemetry tape, or computed from a count
of drum revolutions.

When the simulator is using telemetered velocities and positions as input, the tele- B
metered time must also be used in all simulator references to time, to keep the ’,
| values in phase. ‘

In all simulations except those using telemetry inputs, time is computed by LICOS

from a revolution counter. The drum is assumed to turn at a constant rate of 100 _
revolutions per second, and time pulses are accumulated at a rate of 1300 per second. (
Therefore, it is a simple matter to compute the number of time pulses that would ‘ :
hove accumulated on the long line for a given number of revolutions. From the be- 1‘
ginning of a simulation, a count is kept of the number of word times that have elapsed. |
z This value is used in all computations of time.

erer I EN

When the autopilot ignition alert is given, a "one" bit is placed in P of the MSCAN |
control word. The signal may be given in the simulation by COMBO or by an external o
= input to LICOS. - -
‘ |

2.2 SIMULATION OF LIBRASCOPE COMPUTER OUTPUT ‘\

2.2,1 Steering and Torquing. In an open-loop simulation, steering and torquing
values are not used. The output from 1.ICOS is used only as a desired vehicle attitude
vector, and not a direct steering output. This attitude vector is operated upon, ex-
ternally to LICOS, to form commanded steering rates. In the preflight simulation the
raw steering and torquing quantities are taken from the sigmuator, rescaled to their
actual values, and used as input to the preflight routines. In a clered-loop wimulation,
COMBO uses steering commands as input to correct the simulated flight of the
vehicle. LICOS does produce torquing values, but they are not used in closed-loop
simulation (see Reference 2),

2. 2.2 Signals to the Autopilot. Cutoff discretes are simulated by setting switches
that are used by COMBO. These switches serve no purpose except in a closed-loop
simulation. Comments are printed describing the nature of the discretes, the times
at which they were issued, and the location of the instructions that commanded the
signals.

12
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2.2.3 Telemetry. The guidance program stores the words to be telemetered on the
data link sectors of the sigmator. In addition, it may give telemetry discretes as
identification marks.

The Model -1 and Model -3 computers telemeter at different rates, and use quite
different identification schemes. In the Model -1 the telemetry discrete is used to
signify the beginning of cach sequence. As the guidance program stores values on the
data link, the simulator moves them to an output buffer, placing the data in bits 0
through 24. A count is kept of the number of non-data zeros that are telemetered after
each word. This zero count is placed in bits 26 through 35 of the data word that
follows. As each telemetry discrete is given, the output buffer is printed, or punched
on octal cards. The telemetry discrete itself is unique in that it is the first word of
the sequence and is a data word of zero with a non-data zero count in bits 26 through
35, thus:

P, Poges P35
. e
.-V . Y
25 Bits Error 10 Bits

Telemetered Data
Flag Number of Telemetered

Non-data Zeros

In the Model -3 telemetry scheme the simulation processes the telemetry output a
step further than does the actual computer, transtorming it into the equivalent of the
actual telemetry after it has been processed by the Model -3 telemetry data converter
(see Figure 5). A six-word time discrete always signifies the beginning of a telemetry
sequence (see Figure 5, Sheet 1). The need for counting non-data zeros is eliminated
by giving an identification telemetry discrete at a specified amount of time before each
word is telemetered. The length of the identification telemetry discretes varies. An
eight-word time discrete means 25 bits of data will follow (Figure 5, Sheet 2). A ten-
word time discrete means that 11 data bits will follow (Figure 5, Sheet 3). A twelve-
word time discrete signifies that staging has occurred (Figure 5, Sheet 4). In the
simulator data converter process the telemetry discrete is converted to an identificu-
tion number, and the data is reversed in hit order and separated into parts; thus:

J b}
P, L i Piok0 P sk Pis
T [T R [
I.D, Data I D, Data
[ | | | ) , | | |
\ Y____L ~ N ~ A ~ _J
5 Bits Py 15 Bits P, 6Bis Py 10 Bits P,
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A special word is generated for staging discretes or sequence start discretes. The
sequence start word contains the sequence number in the data portion. All converted
telemetry words are saved in an output buffer and written on a magnetic tape in groups
of sequences.,

2.3 LOGICAL FLOW OF THE <IVMULATION, The simulator examines each instruc-
tion, separates it into its logicul purts, and transfers control to the appropriate sec-
tion of LICOS. Appendix A depicts the overall operation of the 1.ICOS program in
flow disgram form.

The instruction to be ~imulated s first checked to make sure that it does not direct
control to an unused cell, or that it does not transfer control to itself, forming a one-
cell loop. U one of these conditions exists, the simulator terminates the simulation
and prints the comment **** LIBRASCOPE PROGRAM STOP **¥*  the location and
octal value of the cell in error, and the location and Librascope value of the instruc-
tion that transferred control to the cell in error.

The instruction to be simulated is separated into its fogical parts, ORDER, ALPHA
ADDRESS, and BETA ADDRESS. The state of the S6 flip-flop is checked and modifi-
cations to the BETA and ALPHA addresses are made when applicable. Then control
is transferred to the proper seetion of LICOS according to the value of the ORDER.

bt
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SECTION 3

INSTRUCTION SIMULATION

In all operations with Librascope words, the most significant 25 bits of the 36-bit word
in the 7090 core contain the Librascope value. Only these 25 bits are retained in the
Librascope accumulator cell, AC, The operand is located at the coded BETA address
plus one. '

For 3-bit order commands, control is sent directly to the simulation of the instruction.

1f the command is an 8-bit order command, further branching is made according to
Track BETA.

3.1 THREE-BIT ORDER COMMANDS. Three-bit order commands are processed as
follows: )

a.

b.

Clear and Add. The operand is taken from its location in main memory and
placed in the Librascope accumulator cell, AC.

Add. The operand from main memory is logically added to the contents of the
Librascope accumulator, AC. A check is made for addition overflow. If the sum
of like-sign numbers is not of the same sign, the comment, ADDITION OVER-
FLOW, will appear. One line of detailed print and the octal value of the accumu-
lator before execution of the instruction in error are also printed. The location
of the cell in error is saved. If another addition overflow occurs, the old error
location is compared with the new. If the locations are the same, no error com-
ment is printed, in order to avoid duplication of output.

Multiply. This operation is performed bit for bit according to the algorithm in the
Librascope manual. The number of bits to be multiplied is computed from the
ALPHA and RETA valuesg,

If the multiplier is a positive number, PO of the multiplier is tested. If Pj con-

tains a one, the multiplicand is added to the partial product. The multiplicand is
right-shifted one bit and the multiplier is left-shifted one bit. Note that the sign
bit is propagated on a right shift. These steps are repeated once for each bit of

multiplication.

If the multiplier is negative, the two's complement of the multiplicand is added to
the partial product and the process proceeds as in the case of a positive multiplier
except that the test of PO and addition of multiplicand to partial product is omitted.
Tests are made to determine if both the multiplicand and multiplier are equal to
-1. I so, the comment, MULTIPLICATION WITH AC = -1, AND OPERAND = -1,
is printed. As with the addition overflow, the previous value of the accumulator

19
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and one line of detailed print are also given and the check to avoid duplication of
error printouts is also made.

) |

d. Subtract. The two's complement of the accum-lator value is added to the operand
as in the Add operation. It shoutd be noted that this subtraction is an abnormal ‘
subtraction, i.¢., operind-nones-w camaiater, rather than the conventional
accumulator-minus-operand subtraction. A check is made for an accumulator
value of -1. 1f this condition exists, the comment, SUBTRACTION WITH AC = -1,
is printed along with the presvious acecumulator and detailed print values. The
check to avoid duplication of ¢rror prints is also made.

€. Extract. A “logical and" is performed between the operand and the Librascope
accumulator. The 25-bit result goes to the Librascope accumulator cell,

f. Divide. The divide operation is a bit-for-bit simulation. The dividend is origi-
nally in the accumulator, and the operand is the divisor. The length of the divide |
is determined from the ALPHA and BETA values. The division procedure is as |
follows:

1} I the sum of signs of divisor and remainder
= 1, insert O in quotient,
. - U, insert 1 in gnotient,

0o
—~—

l.eft-shift the remainder.

3} If quotient bit from 1y
-0, add divisor to remainder,
=+ 1, subtract divisor from remainder.

The above ste?s,are repeated the required number of times. The final step is to
add 1 +gqx 2 n-1) to the quotient, where ¢ is the last bit generated in the quotient
and un is the number of bits of the division. A test is made to insure that the mag-
nitude of the dividend is smaller than that of the divisor. If this condition is not
met, the comment, GVERFLOW HAS OCCURRED IN DIVISION, is printed. If
both the dividend and divisor are equal to -1, the comment, DIVISION WITH AC =
~1 AND OPERAND = -1, is printed. The previous accumulator value and detailed
print are also given, and the usual check is made to avoid duplication of error
printouts,

g. Conditional Transfer. The sign of the Librascope accumulator is tested. If the
sign is positive, the BETA address is used to compute the location of the next in-
struction to be simulated. 1 the sign is negative the ALPHA address is used.

3.2 EIGHT-BIT ORDER COMMANIIS. in processing eight-bit order commands the
value of Track BETA is tested and control sent to the simuiation section {or that
instruction.

20
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3.2.1 Accumulator to Track 27, 28, or 30. The BETA value is modified by the head
spacing lag for the specified track and combined with the track number to give the
main memory location of the desired sector. The value in the Librascope accumulator
is then stored on that sector.

3.2.2 Accumulator to Track 29. The BETA value is modified by the head spacing lag
for track 29. This value is combined with track number 29 to form the location of the
cell in main memory. Since track 29 is an eight-word recirculating track, the value
from the Librascope accumulator is stored on the computed sector and on every sector
of track 29 that is a multiple of 3 of the computed sector.

Certain codes in the SOT program may stop the recirculation of track 29. This is us-
ually an undesirable feature and such coding is avoided: however, there is no provision
in the simulation for such an occurrence at present.

3.2.3 Accumulator to Sigmator. The five conditions under which values are stored on
the sigmator iong line are: 1) an initial value may be stored as velocity, position, or
time: 2) a delta time may be stored on the countdown sector for main engine cutoff;

3) torquing or steering commands may be stored on their respective sectors for out-
put; 4) data may be placed on the data link for telemetry; and 5) a value may be
stored on an unused sector of the sigmator, just as on the temporary tracks. In all
cases, the BETA value is used to compute the desired sector of the sigmator, modulo
32, since the sigmator is 32-word-recirculating.

3.2.3.1 Storing a Value on the Time Sectors. If an initial value is to be stored on the
time sector of the sigmator, certain other values must be computed to insure the cor-
rect updating of the sigmator velocity and position values, and of the simulation input
and outputs, since they are usually functions of the simulation time.

First, the current time value of the first-word phase of the present instruction is com-
puted. Then the velocity and position values of each component are brought up to their
correct values for that time. This value of time is then saved as the last time the
velocities and positions were brought up to their current values. This time is also
saved as start time.

If the new quantity is to be stored on the upper word of time, the value in the Libra-
scope accumulator is stored on that sector directly. If the new quantity is to be stored
on the lower word of time, the value in the Librascope accumulator is stored in that
sector and the following additional Functions are performed. The double word of time
is saved for computing relative times. The new time value is converted to a floating
point number and saved as the simulation time. All quantities involving the number of
drum revolutions that have passed are set to zero. The comment, XXXX.XX WAS
STORED ON THE SIGMATOR AS TIME AT TIME = YYYY.YY, is printed, where
XXXX.XX is the new value of time, and YYYY. YY is the time value before lower time
was stored. The new value of time is saved as the last time the velocity, time, and
position values were updated.

21
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bles that are functions of the simulation time are modified so that they will be in phase.
1t should be noted, however, that this logic assumes that the only times that new time

values will be stored on the sigmutor during a flight will be during Booster Initializa- ]
tion and Centaur Phase III. \

3.2.3.2 Storing a New Value on the Velocity or Position Sectors. When a new value

is to be stored on one of the velocity or position sectors of the sigmator, the value of ‘
f time on the sigmator is updated to its value at first-word time of that instruction. The :

velocity and position values of that component are updated to that time. The value of

time is saved as the last time the position and velocity of that component were updated.

If the new value is zero, a test is made in the inflight simulation to insure that no ex-
traneous bits result during the initialization process. To test, one word of position is
set to zero first; then within 24 word times the velocity word of that component should
set to zero. Finally, within another 24 word times velocity, the other word of posi-
tion should set to zero. If these conditions are not met, the comment THE SIGMATOR
WAS NOT SET TO ZERO PROPERLY is printed along with the location of the instruc-
tion in error.

The value in the Librascope accumulator is then stored on the specified sector of the

sigmator. The new sigmator value is converted to a floating point number for use by

the simulation. The old values of velocity and position are saved as the previous
‘ values of velocity and position.

3.2.3.3 Storing a Delta Time on the Countdown Sector. If the delta time is zero, the
contents of the accumulator are stored on the countdown sector, and no other simula-

tion tests are made since this is only an initialization procedure.

If the delta time is a negative number, the contents of the accumulator are stored on
the countdown sector, and if MECO has been reset, the Main Engine Cutoff discrete is
given. The comment MAIN ENGINE CUTOFF, the location of the instruction, and the
current value of time are printed.

When the delta time is positive, which is the usual case, the time is computed which is
to elapse before MECO discrete is given. This value is added to the current value of
time to obtain the predicted value of the cutoff time. The comment is printed, DELTA
TIME STORED ON SIGMATOR FOR MAIN ENGINE COUNTDOWN AT TIME = XXXXX.
XX, where XXXXX.XX is the current value of time. The value of the delta time is
given in both fleating point format and Librascope format. The value from the accu-
mulator is stored on the countdown sector, modulo 8.

3.2.3.4 Storing a Value on the Data Link. Values stored on the data link are to be
telemetered at a rate determined by the model of the computer. Error checks are
made to insure that the values are completely telemetered and properly identified.
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a. Model -1 Telemetry. This model telemeters only one bit each 32 word-times.
Therefore, to insure that data are not stored on the data link before the previous
value has been telemetered completely, a check is made of the word times that
have passed since the previous value was stored on the data link. For each 32
word times extra allowed between the data words, a zero is telemetered. The
number of preceding reroes telemetered is stored in the output buffer word of the
current data value in bits 27 through 35. The value to be telemetered is also
stored in that word in the output buffer in bits 0 through 24.

The count of words in this telemetry buffer is incremented and examined. If the
- buffer contains 20 words, it is emptied; if not, the value from the accumulator is
stored on the sigmator, modulo 32,

If not enough word times were allowed for complete telemetry of the previous
word, the number of bits that were successfully telemetered is put in place of the
leading zero count of the current value, and a bit is placed in Pgg of the data word
that was clobbered. The comment, DATA WORD NUMBER X WAS CLOBBERED
AFTER THE NTH BIT AT LOCATION = TTSS, is printed, where Xis count of values
in the buffer at the time of the error, N is the last bit successfully telemetered,
and TTSS is the location on the data link where the value was stored too soon.

‘ If the word stored on the data link is the first one after a telemetry discrete, the
preceding zero count is increased by one because of the 32-word time lag. There
is no need to check for overwritten data in this case since the discrete was the
last item telemetered.

b. Model -3 Telemetry. The word-time values are computed corresponding to the
times when the quantity being stored on the data link will begin and complete its
telemetry. The word-time value corresponding to the time when the previous
quantity completed its telemetry is saved. The data are then stored in the output
huffer in the format specified by the model -3 data converter.

. Since the data stored on the data link are not actually telemetered until 32 word
times after storing, and a telemetry discrete (which sends its telemetry signal
immediately) is expected before the data telemetry begins, all timing error check-
ing is performed after the telemetry discrete has been given. If two data words
are stored for telemetry with no intervening identification discrete, the comment,
VALUE STORED ON DATA [INK WITHOUT TSS AT TTSS, is printed, where
TTSS is not the location of the instruction that stored data without a discrete, but
rather the location of the instruction that stored the next word on the data link.

3.2.3.5 Storing Value un a Steering or Torquing Sector. No special checking is done
when torquing or steering signals are stored on the sigmator for output. The value
from the accumulator is piaced in the specified sector of the sigmator.

23
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. 3.2.4 Sigmator to Accumulator. Two read heads are available for reading the sigma-
tor long line track. The only difference between the simulation of the read from each
is in their timing, due to‘'the different spacing of the two heads.

If the value to be read is not time, velocity, position, or the delta time for main en-
gine cutoff, the contents of the specified sector are placed in the Librascope
accumulator,

Reading Time from the Sigmator. Whenever it is to be read, the value of time on

the sigmator is brought up to its current value., This updated value is placed in
the accumulator.

Reading Velocity or Position from the Sigmator. The sigmator time is updated to

the value of time when the quantity to be read (velocity or position, whichever is
requested), was last accumulated on the short line. The velocity and position
values of the requested component are updated to that time and this new value is
stored on the sigmator as the current value. This is also the value that is placed
in the Librascope accumulator.

Reading Delta Time from the Sigmator Countdown Sector. The time that has

elapsed since the delta time was stored on the countdown sector is computed. To
this is added the value of delta time. The result is the value that would appear on
the countdown sector, just as if it had been constantly incremented. Then a test
is made to see if a bit has overflowed into Py, giving the MECO discrete. If P,
contains a one and MECO has been reset, the MECO discrete is given. The com-
ment, MAIN ENGINE CUTOFF is printed, along with the location of the instruc-
tion that tested the countdown sector and the time that the discrete was given.

It should be noted that the MECO signal may be given late or not at all in the sim-
ulation, while the actual computer would give the discrete exactly as predicted.
For simulation purposes it was assumed that the guidance program would have to
test ithe countdown sector to find out when the signal was given. Therefore, to
economize on the simulation time, testing is done only when the countdown sector
is read.

.5 MSCAN to Accumulator. The Sy program restricts the reading of the MSCAN
to certain sector codes. The BETA value is tested to see if it is a legitimate code.

If not, the comment, MSCAN WAS READ WITH INCORRECT SECTOR BETA AT TTSS,
is printed, where TTSS is the location of the instruction in error. In this case, the
value of the MSCAN is not placed in the accumulator,

It BETA is a legitimate code, the value of the MSCAN is placed in the accumulator and
the P, bit of the MSCAN is set to zero.

24
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It should be noted that once a bit is placed in the P2 position of the MSCAN, the
guidance program must detect it the next time the MSCAN is read.

3.2.6 Accumulator Shifts. The number of shifts is computed from the sector
addresses. U the number of shifts is greater than or equal to 25, the appropriate
comment, A LEFT SHIFT OF 25 OR MORE PLACES, or A RIGHT SHIFT OF 25 OR
MORE PLACES, is printed. Zero is placed in the accumulator as the result, except
when P_ contains a one on a right-shift. In this case, since the sign bit is propagated,
the accumulator contains all ones,

If the number of shifts is not over 25, the accumulator is shifted the specified number
of bits, propagating the sign on a right-shift. On a left-shift the accumulator is
tested for a change in sign. The comment, OVERFLOW ON LEFT SHIFT, is printed
if a sign change occurs. On all comments, the accumulator value before the shift,

in octal, is printed along with a line of detailed print.

3.2.7 Extract MSCAN and Shift. A '"logical and" is performed between the accumu-
lator and the MSCAN. The result is placed in the accumulator, and P, bit of the
MSCAN is removed. The shifting simulation is done exactly as for the accumulator
right- or left-shift instructions. The same error comments are printed, but the
detailed print enables the programmer to differentiate between these and the accumu-
lator shift instructions.

3.2.8 Stop Instruction. This instruction turns off the computer permanently,
immediately terminating the simulation and printing the comment, STOP COMMAND
ENCOUNTERED IN SIMULATOR.

3.2.9 Power Turn Off. This instruction is used to turn off the computer temporarily.

Checks are made to Insure that the instruction was not given accidentally and that
proper preparation was made to turn the computer on again. The comment, POWER
TURN OFF (PTQ), is printed, along with the time and the location of the instruction
that commanded the PTO. A check is made to see that time to turn the computer back
on has been stored on the 9 {lip-flops. If it has not, the comment, PTO COMMANDED
WITH FREEFALL TIME ON 9 FLIP-FLOPS = 0 is printed. A test is made to be sure
that the time accumulation is stopped; if not, the comment, PTO COMMANDED
WITHOUT SETTING H GATE, is printed. I the simulation is closed-loop, the MSCAN
is set to 0 for COMBO. A switch is set for LICOS to reinitialize and restart the
simulation at location 3100, An OUT TO FACE exit must be made following the PTO
command.

3.2.10 Telemetry or Order Code Test Discrete. The main purpose of this discrete

is telemetry identification: in preflight, however, since there is no telemetry, this
discrete is used to indicate that vrder code test was passed, and also to reset the H
flip-flop.
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3.2.10.1 Master Sequence start Discrete. If this discrete is given for a period of
54 word-times or greater in an inflight simulation, it is treated as a Master Teleme-
try Sequence Start. The comment, MASTER SEQUENCF. START, is printed, and the
word-time counters are initialized for telemetry error detection,

il

3.2.10.2 Telemetry Discrete. This discrete is used by the Model -1 to indicate the
beginning of a telemetry sequence, and by the Model -3 as identification for the
| telemetered data.

a. Model -1 Telemetry Discrete. A test is made to see if the discrete wipes out any
telemetry data. If enough time was not allowed for 25 bits to be telemetered, the
comment DATA WORD NUMBER X WAS CLOBBERED AFTER THE NTH BIT AT
LOCATION -~ TTSS, is printed, where N is the last bit successfully telemetered,
X is the number of words in the output buffer, and TTSS is the iocation of the dis-
crete command in error. The word that was clobbered is tagged in bit Pgg. If
exactly 25 bits were telemetered, the previous data word is not tagged, but the
comment is still printed since the zero which normally separates the values was

| not telemetered. The sequence counter is updated, and telemetry is output if

- desired. The comment, TELEMETRY SEQUENCE NUMBER XX, is printed,

where XX is the sequence count; the comment is followed by the telemetered
words dumped in octal. The same numbers may be punched on octal cards to be
. used as data for other programs., The numhber of fcading zeroes is then stored in
the new sequence start word and the buffer court is resel. The word-time value
at which the pulse will go low is computed tor the next leading zero computation.

b. Model -3 Telemetry Discretes. The discrete length must be either 6, &, 10, or
12 word~-times. If it is not, the comment, A TSS OF XX WORD TIMES IS NOT
DEFINED TTSS, is printed, where XX is the length of the discerete and TTSS is
the location of the instruction that gave the discrete, This discrete length is
used as the identification code, right-adjusted in bits 9 through 4 of the con-
verted telemetry word.

1. Six-Word-Time Discrete. This signifies the beginning of a telemetry
sequence. If telemetry output is desived, the buffer is emptied, either in
printed output or on magnetic tape, the buffer counter is reset, and the
sequence counter updated. Then a new sequence start word is gencerated for
the next sequence. A zero identification is stored in the tirst data word of

the sequence.

2. Eight-Word-Time Discrete, An eight-word-time discrete signifies that 25
bits of data will follow, one zero after the discrete ends. The identification
code is 8,

_' 3. Ten-Word-Time Discrete. Eleven bits of data will follow, one zero after
this discrete ends. The word-time that was predicted for telemetry comple-
— tion of this data is modified for 11 bits., The identification code is 10.
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4. Twelve-Word-Time Discrete. This is a staging discrete; no data are expect-
ed to follow. A special word is generated and placed in the output buffer.
The word-time value for completion of this telemetry signal is computed for
future error checking.

After the various functions have been performed according to the length of the
identification discrete, the converted telemetry word is stored in the output
buffer. Then tests are made to detect any errors in the timing of store operations
for telemetry and transmission of discretes.

The Model -3 telemetry data converter may bhe set to accept either four-, eight-,
or twelve-word-times between each identification discrete and its data bits. At
present, it is set to accept only eight or twelve. LICOS will accept only eight or
twelve, but with a simple coding change could be modified to accept four.

If the identification discrete is given too soon, so that the data bits of the previous
data word are not completely telemetered, the comment, DATA WORD NUMBER
X WAS CLOBBERED AFTER THE NTH BIT AT LOCATION TTSS, is printed,
where X is the number of words in the output buffer, N is the last bit successfully
telemetered, and TTSS is the location of the instruction that gave the discrete too
soon,

If the discrete is terminated less than 8 words times from the beginning of the
data telemetry, the comment, DISCRETE WAS GIVEN TOO LATE AT TTSS, is
printed, where TSS is the location of the instruction that gave the discrete.

If the discrete is terminated more than 12 words times from the beginning of the
data telemetry, the comment, DISCRETE WAS GIVEN TOO SOON AT TTSS, will
be printed, where TTSS is the location of the instruction that gave the discrete.

3.2.10.3 Reset H Flip-Flop. This discrete resets the H flip~flop in a preflight
simulation, allowing time to accumulate on the sigmator.

3.2.10.4 Order Code Test Discrete., In a preflight simulation this discrete is used
to indicate that order code test was successfully passed. The discrete must be at
least 54 word-times long to be recognized; if this condition is satisfied, the comment,
ORDER CODE TEST PASSED, is printed.

3.2.11 Booster Cutoff, Vernier Cutotf, or Mode Accept Discrete. In preflight this
discrete is a mode accept signal only. For inflight it can be either the Booster or
Vernier Cutoff discrete.

a. DBooster Cutoff Discrete. I the code word indicates hooster phase, the
comment, BOOSTER CUTOFF, is printed with the time and location.
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b. Vernier Cutoff Discrete. If the code word indicates that the flight is beyond
sustainer phase, the comment, VERNIER CUTOFF, is printed along with the
time and location.

c. Mode Accept Discrete. The comment, MODE ACCEPT DISCRETE, is
printed, along with the time and location of the instruction.

3.2.12 Reset S6, Reset MECO, Reset H Flip-Flop Discrete

a. Reset S6 Flip Flop. If the discrete is at least 54 word-times in length, the S6
flip-flop is reset. This means that no extra tracks may be referenced. This
instruction must be on an extra or on an unstarrable track, but its ALPHA
address must refer to a regular or unstarrable track. The comment,
SELECT REGULAR TRACKS, the time, and the location will be printed.

b. Reset MECO. This discrete also resets MECO, so that the next time the
countdown sector goes negative, MECO discrete will be given. If the discrete
is not long enough to reset S6 (54 word-times), the comment, RESET MAIN
ENGINE CUTOFF, the time, and the location are printed.

c. Reset H Flip-Flop. This discrete also resets the H flip-flop, allowing time
to accumulate on the sigmator,

3.2.13 Set S6 Flip-Flop. This discrete must be given for at least 54 word times. If

it is not, the comment, S6 WAS NOT SET BECAUSE DISCRETE WAS TOO SHORT, is
printed. This discrete means that the starred tracks will be referenced, rather than
the regular tracks. This instruction must be on a regular track or an unstarrable track,
but its ALPHA address must refer to an extra or an unstarrable track., The com-

ment, EXTRA TRACKS SELECTED, is then printed. Both comments also include

the time and the location.

3.2.14 Sustainer Cutoff, or Reorient, or Ground Mode Complete Discrete. This
discrete signifies Ground Mode Complete in preflight. For inflight it could be either
Cutoff or Reorient.

a. Sustainer Cutoff Discrete. If the code word indicates that the flight is not
yet into the Centaur stage, the comment, SUSTAINER CUTOFF, is printed
along with the location and time.

b. Reorient Discrete. If the code word indicates that the stage of flight is in
Centaur, the comment, REORIENT DISCRETE, is printed.

c. Ground Mode Complete Discrete. The comment, GROUND MODE COM -
PLETE DISCRETE, is printed, along with the time and the location. If push-
to-set has been commanded (1 in bit P of MSCAN), the switch to change
modes i8 not set for the preflight routines,
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3.2.15 Load 9 Time Flip-Flops. The comment, LIBRASCOPE VALUE LOADED ON
FLIP FLOPS = XX XX XX XX X is printed, where XX XX XX XX X is the value from
the Librascope accumulator in Librascope format. A test is made to insure that the
H flip-flop has been set. If not, the comment TRIED TO SET 9 FLIP FLOPS WITH

H GATE CLOSED, is printed. Otherwise the Librascope value is converted to a
floating point number, added to simulation time, and stored in the 7090 core for use
by COMBO and LICOS as the time that the computer will be turned back on. The time
stored on the 9 flip-flops is identified as the time of free fall either for the transfer
ellipse or for the transfer orbit, depending on the phase of the flight. If the flip-flops
are loaded during the wrong phase of flight, the comment, ERROR IN OUTS (LIF SET
WRONG MODE) MODE :: N, is printed, where N indicates the phase of flight. If there
is no error, the comment, FLIP FLOP TIME SENT TO COMBO = XXXXX. XX, is
printed, where XXXXX. XX is the computed time in free-fall when the computer
should come back on.

3.2,16 Set H Flip-Flops. This discrete stops the accumulation of time on the sig-
mator. The comment, SIGNAL TO SET H GATE AT TIME . TIME ACCU-
MULATION WILL STOP AT SIGMATOR TIME _____, the time, and the location are
printed.

3.2.17 FR Discretes. These discretes are not simulated.

3.3 UNDEFINED DISCRETES. If an order of 7 is used with a Track Beta code that
is not defined to be some operation, the comment, STORE INSTRUCTION WITH NON-
EXISTENT TRACK CODE, the location of the instruction in error, and the value of
that location in Librascope format, are printed. Then the simulation is terminated
with a core dump.

3.4 NEXT LOCATION TO BE SIMULATED. The location of the next instruction to be
simulated is computed from the ALPHA address. If the instruction is a first word
command, the next instruction will be located at the ALPHA address plus one. If the
instructicn is an additional word command, the next instruction will be located at the
ALPHA address plus two.

3.5 REVOLUTION COUNTER. This is the counter that is used to compute sigmator
time. The revolution counter value at first word time is saved for printout. Each
time sigmator time is initialized, so is the revolution counter. After the simulation
of each instruction the word time value of the revolution counter is updated to the
instruction read-in phase. In the case of a conditional transfer instruction, the
revolution counter is updated during the simulation of that instruction.

3.6 FLOATING POINT TIME. This value is the number of real time seconds that
have becen simulated, It is used s a time standard by all input and output schemes
based on time. To obtain floating time, first the value of the revolution counter is
converted to seconds, Then o this value is added the valuc of time when the revolu-
tion counter was previously set to zero, the start time.
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. This value is not computed when using telemetry inputs. Instead the previous value of

time read from the telemetry tape is used.

Each time an instruction is simulated, floating point time is checked against the pre-
assigned time to terminate the simulation. If this time-to-stop has not been reached,
the simulation continues.

3.7 PRINTED QUTPUT. The two principal types of printed output are instruction
traces (detailed prints) of the guidance program and flight matrix printouts of the
values computed from the guidance equations.

3.7.1 Instruction Trace. An instruction trace, also known as detailed print, is pro-
duced at preset simulation times, or on specific instructions of the guidance program.
COMBO may also request a trace based on a specified number of compute cycles of
the guidance program. ' :

If detailed print is desired, one line is printed after the simulation of each instruction
is completed. It consists of:

a. The location of the instruction that was just simulated, and its value in
Librascope format.

b. A mnemonic of the order.

c. The value of the revolution counter at first word-time, separated into com-
plete drum revolutions and word-times.

d. The value of the accumulator at the completion of the operation, in Libra-
scope format and in scaled decimal.

e. The operand, if an operand was used, in Librascope format and scaled
decimal.

Example: 1253 09 17 56 60 0 AT 000028 53 18 20 08 34 5
.=0.61666000 18 20 08 34 5 ~-0.61666000 (all on one line)

This line of detailed print shows that at location 1253 the contents of
location 1757, which equaled -0.61666, were added into a cleared
accumulator, giving the same result, -0.61666, The next instruction to
be -simulated will be at location 0961. The revolution counter at first
word phase was 28 drum revolutions and 53 word times, AT is the
mnemonic for a zero order, clear and add.
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3.7.2 Flight Matrix. The flight matrix has 72 positions which may contain any values,
intermediate or final, that are computed by the guidance program. Input to LICOS i
tells where to find the desired values on the drum, when to pick them up. how to re-

scale them, and in which positions ol the {light matrix to place them. This flight

matrix may be printed as often as it is required.

3.8 EXIT ADDRESSES. An exit address is a location in the guidance program where
some special simulation function must be performed, usually a function concerned
with the {light matrix.

A list of the locations that are exit addresses is read as input to LICOS. LICOS then
stores a number in bits 30 through 35 of each of the designated locations on the drum,
the numbers starting at 1 and increasing to a maximum of 50, according to the order
in which the locations are read in. (Note that storage in bits 30 through 35 limits the
exit address locations to permanent tracks, since bits 25 through 35 of the instructions
that store on the temporary tracks are cleared during the simulation.)

: As the simulation of each instruction is completed, bits 30 through 35 are examined to

‘ see if that instruction is an exit address. If it is not, the simulation of the next in-
struction is begun. If the instruction is an exit address, a corresponding ''flow word"
will be present which will determine the nature of the special function requested.

. ‘ 3.8.1 Flow Word. The IBM 7090 {low word consists of prefix, decrement, tag, and
\ address.
Prefi.\: 'rag N p
Py Pli—1 35
SP P\ v ~ N V" -
12 Decrement p[g qu Address

If some function other than one concerned with the flight matrix is to be performed,
the prefix is positive and the address contains a non-zero number, called a patch
number, If the function is concerned with the flight matrix, the prefix of the flow
word is minus to indicate that no patch nwmber is present: the tag in this latter case
describes the function to be performed on the flight matrix. The [low word decrement
tells where to continue in the simulation after completing the tasks requested.

3.8.2 Patch Functions. If the flow word prefix is positive, a patch number is present.
This patch number transfers control to an instruction in the patch transfer vector.
The patch transfer vector in turn transfers control to the desired portion of the pro-
gram. Although these patches are not usually concerned with the flight matrix values,
. the most frequently used patch instruction is to print the {light matrix at a specified
— time rather than on cvery compute cvele,
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The functions currently performed by patches are described below.

FUNCTION
All of corce is written on a magnetic tape to be saved for
future use,
An octal core dump immediately terminates the simulation,
Instruction tracing begins immediately with the next
location,
Instruction tracing initiated by patch 3 is terminated.
(Instruction tracing initiated by COMBO, or on a
programmed time basis is not affected.)
This patch must be used to print the flight matrix at
specified intervals (skip-time printouts) over a specified
time period. Using the input of desired printout
frequencies, this routine computes the time value at which
the matrix should be printed. This print time value is
compared with floating point time each compute cycle. If
floating point time has not yet reached print time value,
control is transferred back to the exit address to continue
with the matrix functions. If it is time to print, the print
switch is sct, the matrix is printed, and a new time-to-
print is computed. At the end of the specificd period
control is sent back to the exit address, skipping the
muatrix operations, to take the exit specified by the flow
word., [ simuldation time exceeds the time duration for
which the skip-time printout is requested, printing fre-
quency is seb at one print each 40 scconds for the remain-
der of the run, and the comment, SKIP TIME PRINTOUTS
ARE COMPLETE, is printed.
Time is stored on the sigmator as a two-word quantity.
The upper word contains the sign and the 24 most signifi-
cant hitw; the lower word contains the 25 least significant
bits. Patch Number 6 places all one-bits in the upper word,
making time a relatively small negative value.
This patch =ets the print switch, If the matrix is not to be
filled or printed on a time basis, this patch may be used,
Return is to the matrix operations of the exit address.
Patch 10 divides scale factor 66 by 2 for generalized
equations.,
Pateh 11 changes FOC scale factor to 52428, 8, and G scale
tactor to 202144 {or generalized equations.
This puteh i+ ased by the preflight simulation to change
phases, The phrese counter used in the preflipht programs is
sethackto . A pew PRINT, PCYCIE, FCORSE, 1.2cardis
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FUNCTION

read. The ECORSE values are converted to radians, and
the counter for the print time table is set back to 1. Re-
turn is to the flow exit of the ¢xit address.

Through this patch a data word of 25 zero bits may be
telemetered.

This patch is meant to restore the capability to simulate

the order code test section of the preflight programs. It is
assumed that the OUT TO FACE T exit address in the order
code test loop is the first exit address in the list. A flag is
set for the preflight subroutines, and the flow of the first
exit address is set with no patch, no matrix operations, and
exit to FACE.

This patch changes scale factors for the flight matrix posi-
tions 66 and 71. These scaling changes were originally
made for the F5 mission guidance program for the Model

-3 computer, for sustainer phase. Position 66, which was
Pi, is given a scale factor of 0.1537046 x 10”9, Position -
71, which was EPSILON, is given a scale factor of 6553.6.
This patch changes the scale factors of positions 36, 44, 52,
69, 70, and 71 of the flight matrix. These changes in the
flight matrix setup were originally made for the Centaur
phases of the F5 guidance program coded for the dash 3

computer. Positions 36, 44, and 52 are given a scale fac-

tor of 2621-+.4. This changes the F* scaling to V*G scaling
for all three components. Position 71, which was
EPSILON, is given a scale factor of 26214.4. Also, the
drum location from which EPSILON is read is changed to
2901. The scale factor for position 69, (1K1), is changed
to 0.03417969. The scale factor for position 70, which was
K2 DT, is changed to 0.1604153 X 1079,

This patch is used in a preflicht guidance program when it
is not desired to set velocity back to zero at the beginning
of cach phase. A switch is set for the preflight subroutines.

If new patches -are desired, they may be added by inserting the desired coding into
LICOS, and assigning a patch number to that section by placing a transfer to the coding
in the patch transfer vector. This may be done either by reassembling or with octal

patches.

T FACE is an intermediary routine of COMDO which links the COMBO and LICOS
. simulations together to comprise the simulation COFLIC. See Reference 1.
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Patch numbers not mentioned in this documentation are unused. It should be noted
that these patch numbers are octal numbers. The maximum number of transfer : A
allowed in the transfer vector is 41 (octaly.

3.3.3 Print Switch. The print switch is set by Patch 7 or Pateh 5 and is reset after
the matrix is printed. If the flow word is negative, (i.e., contains no patch number)
the print switeh is tested. U it is reset, the matrix operations are shipped, and the
exit specified by the flow is taken 1II the print switch is set, the matrix operations

are performed. By this scheme the matrix is not filled unless it is to be printed.

3. 5.4 Blanking the Flight Matrix. If the tayg of the flow word contains either a 2 or a
4, the flight matrix will be blanked; that is, a minus zero will be stored in the 72
matrix cells.

3.8.5 Filling the Flight Matrix. If values are to be placed in the flight matrix for
print out, it must be known which matrix positions are to be filled, where the values
are located on the drum, and what their scale factors are. This information is pro-
vided by the "WHICH", by the output addresses in the Librascope memory, and by the
appropriate stored scale factors, all in one-to-one correspondence with each other.

a. WHICH. The WHICH telis which matrix positions are {o be filled. Tach exit
address has a corresponding WHICH, consisting of two words made up of 72 bits,
each bit representing a position in the flight matrix and corresponding to an output
address in the Librascope computer memory.

The WHICH is examined bit by bit. When a 1 bit is found, a value is taken from
its correspondent specified word on the drum, scaled with its correspondent scale
factor, and put in the corresponding position of the flight matrix. This process
continues untii all 1 bits have been found.

h. Gutput Addresses. Each 1 bit discovered in the WHICH designates a specific out-
put address which is a location in the Librascope computer meinory containing a
value to be put into the flight matrix. This location may be a sector of either a
temporary track, the sigmator, or the accumulator. There may be up to 72 out-
put addresses, one for each position in the matrix.

¢. Scale Factors. These are conversion values stored in the 7090, which transform
Librascope values to the form usable by the 7090. Like the output addresses,
there may be 72 scale factors, aiso in one-to-one correspondence with the matrix
positions. The scaled decimal values from the output addresses are multiplied by
these scale factors thus rescaling them to their original values.

3.3.6 Printing the Flight Matrix. I the tag of the flow word is a 4 or a 5, the flight
matrix is printed. In addition, the values of the code word, revolution counter, and
exit address arve printed. The code word is printed in binary with Py to the left. In
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preflight simulation, additional preflight data are also printed. After printout the
print switch is reset.

3.8.7 Exit to FACE. After the flight matrix is filled or printed, the exit specified by
the decrement of the flow word is taken. The simulation continues by simulating the

next instruction, or by exiting to FACE,

a. Closed-loop Simulations. In a closed-loop simulation (COFLIC), FACE is the
routine that joins LICOS and COMBO. An exit to FACE must be made once at the
end of each compute cycle of the guidance program.

b. Open-loop Simulations. In an open-loop inflight simulation, the exit to FACE is
replaced by a transfer directly hack to LICOS where special functions that need be

performed only once per compute cycle are executed.

In an open-loop preflight simulation, the EXIT TO FACE is replaced by a transfer
to the preflight subroutine FACIE 1, on the first exit. On all subsequent FACE
exits, the transfer is to the preflight subroitine FACE 2.,

3.9 FUNCTIONS PERFORMED ON A FACE EXIT AND RETURN. Several functions
must be pertormed before LICOS exits to FACE. After the necessary values have

been computed for FACE, the simulation time of the FACE exit is saved. This time
value is referred to as FTIME in LICOS.

Uponre-entering [LICOS irom FACL, the simulation functions that need be performed
only once per compute cycle are executed. Then the simulation of the next instruction
is begun.

3.9.1 Preparing to Exit to FACE, Values of delta time, flight mode, steering, and
torquing must he computed for COMBO and preflight subroutine input.

a. Delta Time. A delta time is computed for use by hoth COMBO and preflight., It
must be equal to the length of the compute cycle and is determined by the fre-
quency of the FACE exits,

b. Flight Mode. The value of the flight mode determines the phase of the flight being
simulated. It is set to 1 for Booster, 2 for Sustainer, 3 for Centaur Phase 1, 4
for Centaur Phase II, and 5 for Centaur Phase 1. The setting of the flight mode
is determined by the value of the code word. The flight mode is used not only by
COMBO, but hy LICOS to determine the meaning of ambiguous discretes. (Refer
to Paragraphs 3.2.110 and 3.2.14.;

c. Stecring and Torquing. The steeving values are used by COMBO and the

torquing values by the preflight routines.,  These values are converted o

floating point numbers and vrescaled o their actuad sadues.
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E. 3.9.2 Returning from FACE. LICOS is initialized on the first entry from FACE.
a

(Refer to Paragraph 3.9.2.f.) Thereafter only simulation functions are performed,
once per compute cycle.

a. Saving Core on Tape. By saving core ona magnetic tape, and at a later date
loading the contents of this tape hack into core, great savings are made n simula-
tion time. This save-tape leature allows debugging of a guidance program at high

simulation times without first simulating up to the trouble point,

It it is indicated to LICOUS that a tupe is to be saved ut a specific simulation time,
the save tape time will be compared with the simulation time on each FACE exit.
When the save tape time is rcached, the core is written on magnetic tape starting
at location 1000 {octaly. Sixty-three records of 1000 (octal) words are written,
The last record 1s written containing focations 141 to 777 {octali, followed by an
end-of-file mark. Redundancy checks and end-of-tape tests are performed. The
comment, TAPE B5 WAS SAVED AT XXXX,XX SECONDS, is printed, where

XXXX.XX is simulation time when the tape was saved,

If a tape is requested by PATCH 1, the comment, TADPE B3 WAS SAVED AT
XXXX.XX SECONDS USING FXIT ADDRESS TTSS, is printed, where XXXX,XX is
the value of the simulation time at which the tape is written, and TTSS is the

. location of the exit address. The return in this case is to the cexit address analy-
sis section. Otherwise the return is to lest for telemetry tape inputs.

b. Order Code Exit in Pretlight. 1 preflight is being simulated, the flow value of
the first exit address (which would be the OUT exit in Order Code Test) is set not
to exit OUT except when the Order Code Test is sirnulated. This tlow value is
reset to an OUT exit by PATCH 14,

c. Reading Telemetry Inputs for the Sigmator. In the Model -1, three velocities,
three positions, and time, are read in one record from a magnetic tape. The u-,
v-, and w-components of velocity and position are divided by D1+1,0, DzZ+1.0,
and D3+1.0, respectively, to convert them from thrust values to sigmator values.
These values are then converted from unscaled floating point numbers to scaled
Librascope numbers and stored on the sigmator.

An end-of-file mark indicates either the end of the data or the start of a coast
phase. The comment FOUND EOF READING INPUT TAPE is printed as each
end-of-file is encountered and the simulation is terminated unless more files are
expected, If more than one file of telemetry input is to be processed, an input is
used to tell LICOS how many files to expect, and veading of this tape continues
until the simulation finds a POWER TURN OFI'F instruction,

. In the Model -3 the telemetry tape produced by LITEC (Program NO. 3004 in the
GD/A Scientific Programming Libraryy contains the acutal Librascope values that
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were telemetered as the thrust values. The thrust values are read one set per
compute cycle, shifted to give them sigmator scaling, and then stored directly on
the sigmator.

If an end-of-file i8 encountered on the telemetry tape, the comment, READ AT
PTO ALL FILES, is printed and the simulation is terminated.

Reinitialize After Power Turn Off. [In order to initialize LICOS properly after a
POWER TURN OFF, the instruction that commanded the power turn off must have
been an exit address with an OUT exit (refer to Paragraph 3.2.9). Then, as
LICOS is re-entered, the switch set at the PTO simulation will be recognized and
the simulation properly initialized.] The comment, ENTER SIMULATION AFTER
POWER TURN OFF. TIME = XX,XXXX, is printed, where XX.XXXX is the sim-
ulated time of re-entry. The value on the flip-flop is then set to zero and the lo-
cation of the next instruction to be simulated is set to 3100. The revolution
counter is set back to zero and the simulation time value is saved as an initial
time value called the start time. All other counters connected with drum revolu-
tions are set back to zero.

If the simulation is being driven by a Model -1 telemetry tape, and an end-of-file
mark has not yet been reached, the telemetry input tape is advanced to end-of-
file., If no more files are to be read, the comment, READ AT PTO ALL FILES,
is printed and the run terminated. If more files are expected, the comment, PTO
READ THROUGH 1 FILE OK, is printed, and the simulation is continued.

Changing the MSCAN Value. The MSCAN content is changed periodically. The
time-to-change and the corresponding matrix values are read as input. On the re-
turn from each FACE exit, simulation time is checked against the time-to~change
the MSCAN. When that time is reached, the new value is stored on the MSCAN,
and the comment, MSCAN SET TO NNNNNNNN AT TIME = XXXX, XX is printed,
where NNNNNNNN is the new value of the MSCAN in octal (Pg to the left), and
XXXX.XX is the time that the new value was stored on the MSCAN,

The times for changing the MSCAN may for certain purposes be set relative to the
time of Reorient if each relative set of times is separated by a zero time (see
Paragraph 4.7.3). Therefore, it is necessary for the times to extend beyond the
expected Reorient times or the length of simulation time, to avoid having the
times taken as relative values prematurely.

Initializing LICOS. On the first entrance to LICOS, control is sent to the initiali-

zation section.
The Librascope guidance program is read into a section of core referred to as the

DRUM. Currently, the DRUM is located beginning at cell 62000 (octal) and ending
at 67777 (octal). If the binary cards containing the guidance program are not the
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first data after the data card, the first card encountered will be printed along with
the comment, THIS CARD IS OUT OF ORDER IN THE DATA SETUP, and the sim-~
ulation will be terminated.

If an unrecoverable redundancy is encountered, the comment REDUNDANCY
CHECK WHILE READING DRUM, ADDRESS OI' THE CARD IS NNNNN, is printed
where NNNNN is the octal address of the card in error. The simulation is then
terminated. The entire drum is checked for check sum errors. If any are en-
countered, the comment ERROR IN CHECK SUM, ADDRESS OF THE CARD 1S
NNNNN, is printed for each card in error.

I the guidance program has a title card, this title is printed first. The LICOS
version title card is printed next. The simulation input is read according to the
format specified by the FORIN input routine (see Reference 5). The input is
sorted and converted to usable form. Various quantities are initialized. If extra
tapes are heing used, they begin transmission. The format of the flight matrix is
printed. Then the constants from the guidance program are printed. If the simu-
lation is closed-loop, the return is to COMBO. Otherwise. the return is to test
for telemetry inputs. In either case, the comment, BEGIN LLIBRASCOPE COM-
PUTER SIMULATION, 1s printed. :
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SECTION 4

LICOS INPUT AND OUTPUT

Various data are input to LICOS to specify logical switch setting within the simulation
and to describe the types of input and output.

4.1 )LOGICAL SWITCH SETTINGS. This input prescribes the type of simulation to
be performed, the type of sigmator input to be used, code word locations, code word
bits to be used to indicate a change of phase. the computer model to be simulated,
duration of the simulation, and types of output desired.

4.2 INPUT AND OUTPUT OPTIONS. Telemetry may be printed and/or placed on
cards or tape (depending on the model of the computer being simulated), or omitted.
An instruction trace may be given. Overflow error comments may be printed. The
flight matrix may be printed on a time basis if PATCH 5 is used. The value of the
MSCAN may be changed at any time. '

4.3 GUIDANCE PROGRAM CORRECTIONS. A special input is available for making
corrections to the guidance program. Any main memory location may be changed.

4.4 FLIGHT MATRIX SETUP. A list of exit addresses is read in along with the
corresponding FLOW, WHICH, and PATCH values. In addition. the 72 matrix posi-
tions are each assigned a name, output address. and scale factor. These completely
determine the contents of the matrix.

4.5 DISPLAY OF CONSTANTS. A list of names of constants. their locations on the
drum, and their scale factors is read in. Then the names, locations, actual values.
and scaled values in both decimal and Librascope form are printed.

4.6 DECK SETUP. The deck consist of three hasic parts as shown in Figure 6. The
first part is a binary deck of the Librascope guidance program. The second part is
the simulation input. These two parts are always present in 1.LICOS. In a preflight
simulation, the third part is a section of special preflight program input. In an open-

loop simulation, the third part is an wcceleration profile. In a closed-loop or tape
driven simulation the third part is omitted.

Part two, the simulation input. consists of seven husic sections called READS. Any
number of cards may be used tor each READ.  The card format is specified by the

FORIN routine (see Reference 3). Briefly this format is as follows:

4. Each parameter has an alphanumeric name of six or less characters.
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PART 3 PREFLIGHT
INPUTS
OR
READS 5, 6. 7 MUST s ACCELERATION
BE TERMINATED BY A PROFILE

SLASH (/) CARD

f—v/ — READ7

——READ 6

—READ 5

—READ 4

— I/—READ 3

| ——READ 2
// 7“ ——READ 1
PART 1 // /
BINARY DECK
—— LIBRASCOPL
* DATA GUIDANCE
PROGRAM

Figure 6. 1.1ICOS Deck Setup
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The format for each parameter is: the alphanumeric name of the parameter an
equals sign, and then the value of the parameter.

Example: NAME =1

The form of the input value must be specified as octal, integer, floating point, or
hollerith. The convention for representation of these types is as follows:

Octal - An octal number is preceded by a dollar sign ($) and assumed to be right
adjusted.

Example: X = $16
Integer - This is a decimal number with no decimal point.
Example: X =19

Floating Point - A floating point is specified when a decimal point or "E' appears
somewhere in the number.

Example. <= 17698.7688

P X = 176987688E-4
Hollerith - If BCD alphanumeric input is desired, the letter H is used. The num-
ber immediately preceding the H determines how many characters of information
will follow,

Example: X = 4HAB5D

Blanks are ignored, so data may appear in any columns not exceeding column 72,
FORIN has been modified to print out all cards read unless the letter P appears
in column 73,

Each parameter must be separated from the next by a card hearing a comma ¢(,),
an asterisk (*), or a slash (/). If a parameter is followed by a comma, the next
parameter will be read in immediately. If the value is followed by an asterisk

or a slash, some special function is to be performed. The READ functions per-
formed by LICOS are described in the following paragraphs.

LICOS READ FUNCTIONS., Inthe following discussion:

X.X, Y.Y, or Z.Z, etc. are used to denote any decimal floating point number.

NNN, MMM, LLIL, etc. are used to denote octal numbers.
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E. c. AA, BBB, CCC, etc., are used to denote hollerith information.
| d. 1, JJ. K, etc., are used to denote integers.

o, TTSS* is some librascope locution, where TT is the track, SS is the sector,
and * is used to indicate an extra track.

On all READ input, punctuation and spelling are of the utmost importance, but the
order of the paramecters within @ READ does not matter. For further information on
the format, see the writeup of the FORIN routine in Reference 5.

4.7.1 READ 1. Here the logical switch settings for 1.1COS are read in. Each param-
eter n.ust be followed by a commu except the last one which must be followed by an
asterisk or slash card.

a, TELSW = 30 -- provides printed telemetry output.

TELSW

I

31 -~ provides telemetry output, on magnetic tape for the Model-3
computer, or on octal cards for the Model-1 computer.

TEILSW = 82 -- provides printed and either tape or card telemetry output.

SAVETP = 81 -- provides a magnetic tape of core at the simulation time specified
by the parameter, BSTIME.

c. B5TIME = X.X -- used in conjunction with SAVETP = $1, this indicates the
simulation time (seconds) at which the tape will be written.

d. TPOCD = $0 -- an acceleration profile, used for sigmator output.
TPOCD = $1 -- 4 telemetry input tape with no [.D. record will he used.
TPOCD = 32 -- calls for use of a telemetry tape with an 1. D. record.

e. DTLPRT = 0 -- provides u detailed print given selectively according to the READ
1 input,

f.  ERCOM = 81 -- allows printing ot Tibrascope overflow error comments. (See
INDEX OF T.ICOS COMMENTS).

g. ENDRUN = X.X -- prescribes the simuiation time at which the run should be
terminated. XX is in seconds. If no ENDRUN value is read
in, the simulation will be terminated automatically at 5000.0
‘ seconds.
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LIBRAS = 0 -- indicates that the Model -1 computer is to be simulated.

LIBRAS = 31 -- indicates that the Model -3 computer is to be simulated.
PREFLT = 0 ~- indicates that prefligcht is to be simulated.
HOEFS = 0 -- indicates that LICOS is running with COMBO.

FILES = J -- used in conjunction with TPOCD = $1 or TPOCD = 52 to indicate
that more than 1 file of data is to be processed (J = the number of
files to be processed).

LITEC =1 -- indicates that LICOS is running with LITEC.

CODEW = 4HTTSS -- indicates the LIBRASCOPE drum location of the code word.
If omitted LICOS assumes the code word location to be 2818.

CTABLE = SNNNNNN, SNNN....., where CTABLE may have up to 5 octal values,.
These octal values are left-adjusted hit configurations of
the code word that indicate changes in the phase of flight.
The first value indicates the end of the booster phase: the
second the end of the sustainer phase: the third the end of
Centaur Phase 1: the fourth the end of Centaur Phase 2; and
the fifth the end of Centaur Phase 3. If these values are
omitted, it is assumed that P3 indiciates end of the booster
phase, P6 indicates end of the sustainer phase, P9 indi-
ciates end of Centaur Phuse 1. P12 indicates end of Centaur
Phase 2.

ITIME = N -- indicates the number of times (N) thiat time on the sigmator is to he
initialized, If this value is omitted, N is assumed equal to one,

PLOT = 1 -- ciauses LIPTON PLOT TAPFE (BY) to he written.,
PLOT = 0 -- prevents writing of LIPTON PLOT TADPE.
On * EXIT READ 3 bhegins

On / EXTT READ 6 begins

TELSW - 21, DTLDPRT 0, BRAS 31
Example: TET \1 DTI.PR 1I1BR. Sl
TPOCD =0+
This will cause atelematry tupe to bhe written. o Librascope trace to be

given at the time specitied by READ 4. the Maodel - computer to be

simulated, and @ card aecelersiion pronle to he read as sigmator input.
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4.7.2 READ 2. If the matrix is to be printed on a time basis using PATCH 5, this
read will specify values of DELTIM. (the interval between printouts) and SKPTIM,
the periods during which each DEL'TIM will prevail. Thus:

SKPTIM = W. W, Z.Z, V.V, ...,
DELTIM - X.X, Y.Y, ...

which means that the matrix to be printed every X. X seconds from time W.W to time
Z.7, and every Y. Y seconds from time 7.7 to time V.V, etc.

Example: SKPTIM = 0., 10., {00.. DELTINM = .5, 15.%

This means that the tlight matrix will be printed every 0.3 seconds from
zero seconds to 10 seconds. Then from 10 seconds to 100 seconds, it will
be printed every 15 seconds.

If the simulation tinlle should exceed the larger SKPTIM value, the printout interval is
automatically set to 40 seconds for the remuainder of the run. There may not be more
than 10 SKPTIM values.

1.7.3 READ 3. The parameters of this READ are used to set the value of the MSCAN.

Setting MSCTIM = X.X, Y.Y, ... where X. X, Y.Y, etc., are simulation times at
which the MSCAN should be changed

and MSET = SNN, SNNN, ... where NN etc., are the octal values that the MSCAN
is to assume (The 25 bits of the MSCAN value are assumed to he left-
adjusted.),

means that at time X. X the MSCAN will be set equal to NN; at time Y.Y. the MSCAN
will be set equal to NNN, etic.

Example: MSCTIM = 2,0, 1000., MSET = -0, 0*
This means that at 2 seconds the MSCAN will have a 1 in P (ignition alert).
At 4000 seconds the MSCAN will be set to zero. The MSCTIM values must
extend beyond the end of simulation time, and there is a limit of 10 MSCTIM

values.,

The MSCTIM values may be made relative to Reorient points for Centaur Phases 2
and 3.
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Example: MSCTIM = 2.0, 100.0, 0., 4., 600., 0., 10., 4000..
MSET - §-0. S0, <0, ¥-0. %0, $0. $-0, 30, *

In this cxomple ivnition alert signal would be given at 2 seconds after the
heginning of the simuiation, | scceonds after Reorient tor Phase 2 and 10
seconds= iter Reorient for Phase s
On * EXTT READ | hegins
On / EXIT READ 5 bevine
4.7.4 READ 4, These are the simulation time intersvals for which detailed print is
desired. If DTI.PRT - 0, « trace (detailed print) of the Librascope program will he
given during these intervals. The detailed print patches, PATCH 3 and PATCH 4,
have no effect on these detailed print times. (Even if DTLPRT is not set 0, data for

READ 4 must be present.)

Example: X. X, Y.VY, V.V, Z. 4. ... where X.X, Y.Y, ctce., are the times to turn
the print on and off. (Note: TRACE is the sume as DTPSTR.)

This means that detailed print will be g¢iven from XX to Y. Y. from V.V to
7.7, ete.

Example: TRACE - 100,00 1020, 100, 0. 404, 0
This means that detuiled print will be turned on at 100 seconds, ofl at 102
scconds, on at 100 geconds. and off again ot 104 seconds.  The maximum
allowable number of pairs of times is 10,

On * EXIT READ 5 heuins,

On / EXIT READ ¢ begins.

4.7.5 READ H. The usuid funetion of this READ is to make corrections to the
Librascope guidance provran.

a,  LIBINS = SHTTSSY, “HAANVAANANAN §s the format for making a4 correction to an
mstruction,  The 'ocation 15 TTSS, and the nine characters are the
new instruction value. The scquence of the nine characters is ORDER,
SECTOR ALPHA, SECTOR BETA, TRACK BETA, TRACK ALPHA

Example: LIBINS 2 SHLinl.. OHT04632105

Location 1461 will be set to the vilue., 03-21-68-04-7.
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ﬁ‘ b. LIBCON = 5HTTSS*, X.X, Y.Y is the format for correcting a constant. TTSS*

is the location. X. X is the new value of the constant, and Y. Y is its
scale factor.

Example: LIBCON = 5HO031s%, 25,8, 56. %

The value 25,3 is divided by the scale factor, 56., giving the scaled
constant value, . 51405371, This value is stored in location 031&%*,

c. If atape is being used to drive 1.ICOS (TPOCD = 81, or TPOCD = $2), the Model
-1 computer is being simulated (ILIBRAS = (), and the drift constants in the
guidance program, DI, D2, and D3, are not zero, then the values of D1, D2, and
D3 must be read into 1LICOS to convert the tape input from thrust to sigmator
values.

DRIFTS = X. X, Y.Y, Z.7Z% where X. X, Y.Y. and Z. 7 are the unscaled vualues of
D1. D2, and D3 respectively.

It is assumed that the guidance program computes the telemetered thrust values
1

he sigmautor valnes by adding the factor, D-value - sigmator value. There-

from the sio
fore. euch thrust vidue must be divided by D; © 1.0 to reconvert it to the sigma-

tor vilue.

d. If a tape is being used to drive TICOS (TPOCD 21, or TPOCD = %2), the Model
-3 computer is being simulated (1 IBRAS = 51), and the thrust values on the tape
are to He read directly from the =igmator, the input parameter DRIFTS is set not

cyqual Lo sero,
Example: DRIFTS - 1%

On * EXTT arother sct of TIBINS. | SIS s onerated on as described

above.

On )/ EXIT. READ 5 terminates ane! READ 6 hegins,

FL7 6 READ B Fxit addresses ond matris setups are read here.  If an exit address
s read, the flow, patch nmubers i anve and WHICH values, if any, must also be

nresent,

A XAD - SGHTTSS* ~~ the location of the exit wddress. It cannot be a temporary

track address,
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. b. FLO = 11HAAAAAAAAAAAA, 1THBBBBBBBBBBBBBBBBB, $CC -- the flow
exit. matrix operation, and patch number respectively. The patch number .
is omitted if no patch function is to be executed. The flow exit must al-

ways be present.

AAAAAAAAAA is one of the two phrases, 1) CONTINUE, (the normal
returmy, or 2) OUT TO FACE, (the special return).

In an inflight <imulation an OUT exit must be made once per compute cycle
to check the MSCAN setting, change the flight mode, save core on tape,
read any tape input and restart after POWER TURN OFF. In addition, if
the simulation is run with COMBO, an OUT exit must be made at each
cutoff point, at POWER TURN OFF, and when initializing time. U the
simulation is from tape input an OUT exit must he present in the initializa-
tion section of the guidance program, to read the first set of values.

In a preflight simulation an OUT exit must be made exactly once per com-
b pute ¢y cle to convert the torquing values. to receive new veloceity input
from preflight. and to set up the exit from order code test (OCT) loop of
the guidance program. Other OUT exits must be present, one in order
\ code test, wud another m integrated test. The simulation reguires that

‘ ‘ the (OCT) OUT extt address be the tirst card in READ 6.

BBBB....... B is one of the four phrases. 1) NO BLANK NO PRINT,
(does nothing), 2y NO BLANK PRINT, (prints the flight matrix), 3)
BLANK NO PRINT. (blanks all {light matrix positions with a - 0.), or
4) BLANK PRINT. (blanks all positions of the flight matrix with a - 0.,
and prints the flight matrix.).

CC is the patch number. This may be any octal value from 1 to 41. Patch
numbers used in READ 6 are listed with their functions below. Those
numbers not listed are not used.

PATCH NUMBER FUNCTION OF PATCH

1 Write core on tape for future use.
2 Terminate with core dump.
3 Turn detailed print on.

4 Turn detailed print off.

Print matrix on time bhasis,

# Store a smail negative number on lower

. tinye.,

Vil the fHght matrin for printing.
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E_ﬁ‘ PATCH NUMBER FUNCTION OF PATCH
: - 1o Change scale factor 66 for generalized
guddance equations.
11 Chunge scale factor 3y, 46, 34, 61, and
52 for generalized guidance equations.
12 Change the phase in preflight.
13 Telemeter a word of ¢ after telemetry
uiscrete.
14 Set first exit address flow to OUT for
O.C.T. (preflighty.
25 Change to Sustainer Scaling for F5.
26 Change to Phase 1 Scaling for F5.
27 Do not initialize velocity in preflight.
(For further description of patches, see the documentation section on
patches.)
‘ c. WHICH I, J. K, ... specities which positions in the matrix are to be filled.

Each of the numbers (I, J, K...), which may range from 1 to 72, refer
to a matrix position, output address, and scale factor. If no positions
are to be filled, the WHICH is omitted.

Example: XAD - 1H1763, FL.O - SHCONTINUE, 12HBLANK PRINT, &7,
WHICH 5, 17, 63*

That is, at location 1763 PATCH 7 will set the print switch allowing the

rest of the flow to be executed. The flight matrix will be blanked with
es, and the positions 5, 17, and 63 of the flight matrix will be

filled with new values.

- 0. vah

The matrix is then printed. The simulation is continued hy executing
the next instruction.

d. If the matrix setup is to be read, a format number, output address, name, and
scale factor must all be read.

F'MT = JJ -- the format number. It specifics the position of the (9x8) flight

matrix that is to he used. As an example: the element which is in
row 2, column 6, (2. n) is FMT = 14,

4%
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OUTAD = 5HTTSS* -- the output address where the desired quantity may be
found on the drum. TT = 00 indicates the sigmator except
when SS = 63; then the output address is the accumulator.

7 NAME = 6GHAAAAAA -- the symbolic name of the variable that will appear in this
| position of the matrix. All of the names are printed once
in their matrix form at the beginning of the run.

SCALE = X.X -- the scale factor of the variable. The value from the drum is
multiplied by this value and placed in the matrix for print out.

Example: FMT = 51, NAME = 5HRMUO, OUTAD = 4H2843, SCALE = 677721.6*

This means that position (7, 3) of the flight matrix will contain RMUO,
RMUO may be found in location 2843 and its scale factor is 677721.6.

On * EXIT, each value read is converted to usable form and stored in its proper table.
Then another READ 6 value is read.

On / EXIT, READ 6 terminates and READ 7 begins.

‘ 4.7,7 READ 7

4,7.7.1 Guidance Constants. The constants in the guidance program may be printed
out at the beginning of each run in their scaled, unscaled, and Librascope formats.

a. CONST = 6HAAAAAA -- the symbolic name of the desired constant.
b. LOC = SHTTSS* -- the drum location of the constant.

c. SCALE = X.X -- the scale factor by which the value on the drum is multiplied to
obtain the actual value.

Example: CONST = 3HTFF, LOC = 4H3146, SCALE = 12905.5*

d, If a Pis in Column 73 of the card (as is usually the case), the input card image
will not be printed.

* EXIT prints the values of the constant and reads another READ 7 value.

/ EXIT begins the simulation.
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4.7.7.2 Acceleration Profile. Part three in.an open-loop simulation deck is the
acceleration profile. Three components of acceleration and a time up to which these
accelerations should be used are read.

a. ENDTIM = X.X -- the time up to which the accelerations are to he used.
h. ACCEL =X.X, Y.Y, 4.7 —-- the three components of acccleration.
Example: ENDTIM = 170., ACCEL =0., 0,. 48.*
This me:ms’ that from thg time the card is read until 170 seconds, an
acceleration of is ft/sec™ in the W direction is used to compute sigmator

input,

When the ENDTIM value is reached, another profile card is read. If no more cards
are present, the simulation is terminated.

Each time the sigmator lower tilne word is stored on, a profile card will be read.

* EXIT returns the simulation to the FEXT routine where the acceleration is inte-
grated to give the veloeity and position input necessary to drive 1.1COS.

/ EXIT would appear only in error, and would cause the simulation to be terminated
immediately,

4.8 SPECIAL TAPES. (All special tupes used by LLICOS are high density binary
mode.)

4.8.1 Telemetry Input. The Model -1 telemetry input tape contains seven-word
records, in floating point format. The values are time, thrust velocity in the u-, v-,

» e
{

ecticns, and thrust nosition in the u-, v-, and w-directions, in that order.
The Model -3 telemetry input tape contains seven-word records, in Librascope format
with P_ through Pu containing the data. Time is the first word, RTU the second,

RTYV the third, RTW the fourth, VTU the fifth, VTV the sixth, and VTW the seventh.

The telemetry input is read from Tape A7. Control card, *LOAD TAPE HI A7, XXXX,
is used, where XXXX is the number of the telemetry input tape.

4.8.2 Telemetry Output. The Model -1 telemetry output is written from the system's
output tape A3 in the form of punched octal cards. No special setup is required. Each
sequence is a set of cards with the address beginning at zero, five values per card.
The number of words in each sequence does not exceed 20. No end-of-file is written.




GDA63~1141

The Model -3 telemetry output is written on tape B6. The number of words per
record is equal to the numbher of words in each sequence, but may never exceed 30,
The format of the words is specified hy the Model -3 telemetry data converter.
Control card, *SAVE TAPFE (EOI) HI B6, is used so that un end-of-file is written
by the monitor system.

4.8.3 Save Core on Tape. When core is to be saved for future use, control card
*SAVE TAPE HI B3 is used and the core is written on tupe B5. Sixty-three records
of 512 words each ure written, starting at location 1000 (octal). The final record
conlains 412 words written from location 144 (octal). An end-of-file mark is

written.
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SECTION 5

FEXT SUBROUTINE

FEXT is the LICOS subroutine that computes the velocity and position values from
the acceleration profile in an open-loop simulation.  (Reter to Purvagraph 4.7.7.)

When this routine is enfered. the time to which the quantity is updated must be in the
secumulator. and Indes Register  must contain a vaiue that designates which compo-

nent is to be updated.

If 1ICOS is heing driven by a telemetry taupe. no updating takes piace: but the value 1in
the LICOS-COMBO section of the 7090 core (common) is pinced in the accumulator |
for the return to L.ICOS.

The current time irom the secumulator is compared with the end time value of the

acceleration profije step.

d. If the latter hes not vet been reached, o delta time s computed by taking the
difference between current time and the previous time that aceeleration values
were read. The velocity ind position vilues of the component in question ure
updated and siored in common. The specific vialue requested, either velocily or
position, is pluced i the gecumnintor as the updated value for the return to
LICOS.

L. If the current time 18 creader than or el to EXNDTINM (Paragraph 4.7.7.2.4),
all components are brought up to the KNDTIM volues in the following manner,

For each component o detta time is computed by taking the difference hetween
the ENDTIM ond the previous time that the component values were updated.  The
vatues of velocity and position for that component are computed. The KNDTIM
is saved as the previous time the components were updated.  The current veloc-
ity and position viiues are saved as the previous values of velocity and position
for that component. When this has heen completed for each component, another

delta time is computed, this one for the compunent for which updating is re-
guested in Index Register 20 This delta time is taken from the difference of the
current time and the ENDTIM volue. Then a new profile card is read with a new
end time value and new acceclerations. The requested component is updated with
the new acceleration to the current time.

The new values of velocity und position ure stored in common, and the requested
value is placed in the accenmuintor tor the return to £1CON,  Upon returning to LICOS,
the value in the accumulator 18 converted to a LIBRASCOPE number and stored on the
sigmator.
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Velocity and position are updated by the formulas:

V = LASTV + MELTAT) x ()

54

R = LASTR + (DELTAT » LASTV) i (DELTAT)™ « (A)/

2
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SECTION 6

RESTARTING LICOS FROM TAPE

This is the routine that reads the save tape from a LICOSN run into core, and transfers
control to the section of LICOS that reads in any new input or corrections and con-
tinues the simulation.

The first 63 records are read into core {illing locations 1999 to 7777 (octal).  Then a

-

“transfer channel in operation” instruction is set up in location 77790 to wait until the
Tast record i= vead in. The 1ast record 12 then read into locations 14 to 777 (octal),
contra’ is sent to the re<tart section of LICOS, and the simulation i hegun

The card deck for the restart routine must be set up in the following manner. The data
card must be followed by three READS and, if the simulation is of an open-loop run,
by the remainder of the seccleration profile eards, The requived READS are de-
scribed helow,

RFAD 1

ADDRIES = SULLLL. VATUER SMMM: where LLLLL is some octal location in core,
and MMMMDM is an octal value to be patched into core at location LLLLL. This is the
only method avnilable for covrecting LICOS when vestarting from tape.

Example: ADDRES  ST071i, VALUE S

*FXIT stores the values in ecove. Theretore, each set of ADDRES and VALUE must
be followed by an asterisk (*) card.

"EXIT terminates READ | oand expeets READ 2 next A <lash must be present for
READ 1 even though no corrections are to be made.

RFAD 2
SAVETP = 21 writes tape for later use.,
BATIME = XX XXX is the simulation time at which the tape is to be written.

LIBCON = 4HTTSS, XNXUNX, YY. Y* makes changes to constants as specified in the
LICOS description of LIBCONX.

LIBINS = [HTTSS. 9HABBCCDDI F* makes instruction changes to the drum.

!
o

Lig,

9
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*EXIT converts the LIBINS or LIBCON read and then returns to READ 2. Therefore

the BSTIME and SAVETP values must be terminated by commas (,) and LIBINS and
LIBCON by an asterisk (*).

/EXIT prints the format of the flight matrix, and then directs the simulation to READ?
of the normal input setup, the initial constant printout.

Even though no constant printout is desired, a slash (/) card must be present. The

remainder of the acceleration profile or other input completes the data deck.




7.1 SWITCHES

SYMBOLIC NAME

11 BSWH

CONUS

CNT3BB

DOIT

DATAFG

DTLPRT

ERCOM

ERRPNT

FILR

GDA63-1141

SECTION 7

LICOS SYMBOLOGY

SETTING

Not 0
0

Not 0

Not 0

Not 0 .

Not 0

Not 0

Not 0

Not 0

Not 0

57

An 11-bit data word was telemetered
A 25-bit data word was telemetered

Simulate Model-3 computer
Simulate Model-1 computer

(No longer used)

Compute time for detailed print at the
beginning of the section

Check sum error was encountered in the
Librascope binary drum input deck

Print the flight matrix

A data word was stored on the data link
A telemetry discrete was given

Do not examine detailed print time list for
printing a trace
Give detailed print at the specified times

Error comments will be printed as over-
flows occur

No Librascope overflow error comments
will be printed

One line of detailed print will be given as
supplement to an error comment

Fnd-of-file was encountered reading the
post flight telemetry tape without power
turn off
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—
E. 7.1 SWITCHES, Contd

SYMBOLIC NAME SETTING FUNCTION

FBOCO Negative Booster cutoff discrete for COMBO

FCIMC Negative Centaur Phase 1 MECO discrete tor COMBO

FCIvC Negative Centaur Phase 1 Vernicr cutoff discrete

for COMBO

FC2MC | Negative Centaur Phase 2 MECO discrete for COMBO

FC2VC Negative Centaur Phase 2 VCO discrete for COMBO

EC3MC Negative Centaur Phase 3 MECO discrete for COMBO
l FC3vC Negative Centaur Phase 3 VCO discrete for COMBO

FLMOD Booster Phase
Sustainer Phasc
Centaur Phase 1

Centaur Phase 2

e e DO

5 Centaur Phase 3
FSUCO Negative Sustainer cutoff discrete for COMBO
FPREFL Not 0 Simulate inflight
0 Simulate preflight
FPTOFI, Not 0 Power turn off was given
FXPRIN Not 0 Detailed print will be given
GET2 0 When converting a BCD Librascope

address to binary the drum address in
core will not be added

Not 0 When converting a Librascope address the
drum address will be added

GIGI 0 sSkip telemetry output
Not 0 Give telemetry output when requested
‘ HOATE Not 0 Sigmator time accumulation is stopped
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7.1 SWITCHES, Contd

SYMBOLIC NAME

HOEFS
L2
LITEC

LIBEXT
LRSW

MDCNG

OCTF

. PTOC

PORTW

PRSWH

RTTAS3

SAVLETP
SIFLAG

SWITCH

SETTING

Not 0

Not 0

Not 0

Not 0

Not 0

Not 0

Negative

Not 0

Not 0

Not 0

Not 0

Not 0

GDA63-1141

Closcd loop simulation using COMBO inputs
Read a new FCORSE value (preflight)
LICOS is running with LITEC

Converting a regular location
Converting a starred location

One of the words of position of onc compo-
nent was set to 0.

Change mode (preflight)

Simulate O.C. T. (preflight)
Skip O. C. T. simulation

Power turn off was executed
Velocity of one component was set to 0.

Skip the matrix functions of all exit
addresses

Redundancy light for channel A was turned
on by (STH). LICOS will turn off the
light, perform operations on A7 un-
buffered, and turn the light back on for
(STH) buffered output on A3

Save a tape of core at BS5TIME
Do not save a tape of core on a time bhasis

Negative number is to be converted
Positive number is to he converted

Skips updating time and the revolution
counter from ALPHA to BETA when time
is initialized. This is to make all time
values relative to first word phase when
time was initialized.
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7.1 SWITCHES, Contd

SYMBOLIC NAME SETTING FUNCTION
“ SINGL Not 0 A single length word is to be converted
0 A double length word is to be converted
STOPS Not 0 Stop the simulation
S6 Not 0 S6 is high. Select the extra tracks
0 S6 is low. Select the regular tracks
TORT Not 0 Format statement has not been fulfilled yet
for (STH)
0 Format statement has been completed;
print it
. TELSW 0 Printed telemetry output only
| 1 Either punched or tape output only
! 2 Printed and either punched or tape output
. TPOCD 0 Acceleration profile card input
1 Telemetry tape input with no I. D.
2 Telemetry tape input with 1. D.
THIEMIS Not 0 No operand is in the detailed printout
0 Operand is in the detailed printout
ZCDFL Not 0 MECO is not reset
0 MECO is reset
7.2 STORAGE BLOCKS
SYMBOLIC NAME CONTENTS
3TIME The value of simulation time when sigmator time is set to

zero at Reorient for Centaur Phase 3
3CODEW Location of the code word on the drum

A The location of the instruction being simulated is in the
address portion of this word

' AC [.ibrascope accumulator register
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E*’ 7.2 STORAGE BLOCKS, Contd
| SYMBOLIC NAME CONTENTS
ATO Acceleration during previous cycle (preflight)
ATP Acceleration in platform coordinates (preflight)
ADD4 Format number as read in
AVOIR Location of last MSCAN reading error
ADD6 BCD name for matrix format as read in
ADDRES Absolute core location for octal correction made when
restarting from 2a tape ,
ADD7 Scale factor for matrix printout as read in
' AMSCAN Same as MSCAN
. BB1 Input buffer for Librascope drum deck
BABS Revolution counter at first word phase
B5TIME The simulation time when a tape containing all of core is
to be saved
BEGREV Revolution count when data will begin telemetry
CUL Canonical conversion factor for position
Cuv Canonical conversion factor for velocity
CODEW Code word location in BCD
CNT3BC Time that COMBO section detailed print is turned off
D Divisor in the division simulation, multiplicand in the
multiplication simulation
DLOC Location of constant BCD
‘ DRAC BCD name for initial constant printout
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7.2 STORAGE BLOCKS, Contd

SYMBOLIC NAME CONTENTS

Exit address as read in

DADDI1
DCELL Location of constant in bhinary
DADD?2 Flow value as read in
DRIFT Gyro drift values, D1 +1.0, D2 +1.0, D3 +1.0 in
floating decimal
DADD5 Output address as read in
!
| DELTIM Matrix printout frequency values in floating decimal to be
stored in SKPSTR table .
DUMP2 Location from which DUMP was called
EC Platform misalignments in degrees (preflight)
' ENDT End time value from acceleration profile cards for FEXT
ECELL Value of constant for initial constant printout
ERCNT Telemetry buffer count for error print
ECORSE Platform misalignments in radius (preflight)
ENDREV Same as TREF
FRZU Floating point position from FEXT
FVZU Floating point velocity from FEXT
FBOCT Time of Booster cutoff for COMBO
FCIMT Time of Centaur Phase 1 MECO for COMBO
FCIVT Time of Centaur Phase 1 Vernier cutoff for COMBO
‘ FC2MT Time of Centaur Phase 2 MI'CO 1or COMBO
FC2VT Time of Centaur Phase 2 VCO for COMBO
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7.2 STORAGE BLOCKS, Contd

SYMBOLIC NAME

FC3MT

FC3VT

FCELL

FDELT

FDETP

FMEGU

FMGDU

FSUCT

FTFFP

FTFFT

FEXTDT

FTIME

INKTIM

INSTR

ITIME

LI

CONTENTS
Time of Centaur Phase 3 MECO for COMBO
Time of Centaur Phase 3 VCO for COMBO
Scaled value of constant for initial constant printout
The delta time in floating decimal used hy COMBO or pre-
flight. Should be equal to length of compute cycle. It is
computed hefore each exit to FACE by differencing eur-

rent time and the time of the previous exit to FACE,

Number of compute cycles for which detailed print is
desired in each COMBO section

Floating point steering for preflight or COMBO

Platform torquing commands in floating point for COMBO
or preflight

Time of sustainer cutoff for COMBO

Floating point time stored on the 9 flip-flops for the
parking orbit free-fall phase for COMBO

Floating point time stored on the 9 flip-flops for the
transfer elipse free-fall phase for COMBO

Delta time for COFLIC FEXT

The value of simulation time on the previous exit to FACE

Total time ¢lapsed

Five cells, each containing a left adjusted alphanumeric
value for printout. The values are the five parts of a
Librascope instruction; Track ALPHA, Track BETA,
Sector BETA, Sector ALPHA, Order

Number of times sigmator time is initialized

Counter for PRTIML table (preflight)
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7.2 STORAGE BLOCKS, Contd

i
"~

%!
i t
.

SYMBOLIC NAME CONTENTS
LOC Location of next instruction to be simulated
LASTR Previous position in floating decimal for FEXT
LASTT Previous time in floating decimal for FEXT
LASTV Previous velocity in floating decimal for FEXT
LDRUM Location of drum in core
LIBUF Buffer for seven input values from telemetry input tape;

time, three components of position, three components
of velocity

[LSIGM Location of sigmator in core
LASTAC Librascope accumulator saved from previous instruction
. for error printout
. L.OUCT Operand from drum
LIBCON Location, unscaled value, and scale factor of a constant

correction to the drum

LIBINS Location and value of an instruction correction to thedrum
LISTOP The ENDRUN input value; the requested time to terminate

{the simulation

LTFC Librascope value stored on the 9 flip-flops
MCODT Floating point delta time to cutoff

MSCAN Contents of the MSCAN

MSET MSCAN settings in octal as read in to be stored in

MTIMY table

I MARVIE Location of a telemetry error




GDA63-1141

7.2 STORAGE BLOCKS, Contd

| SYMBOLIC NAME CONTENTS

MSCTIM Floating point times at which the MSCAN setting should be

changed. Stored in MTIME table

NCYCLE Frequency in computer cycles, with which the flight
matrix will be printed (preflight)

OFFLOW A flow value stored in PEXIT to set the first exit address
to OUT TO FACE. (preflight)

OLDILE Two cells, the current and previous instructions simulated

‘ OTIME IFloating point time that corresponds to the short line
; accumulation. Used by open loop FEXT

PEXIT The first FLOW value is set equal to PEXIT. Used in
conjunction with beginning and ending the order code
test simulation (preflight)

PHASEN Phase counter (preflight)
1 =~ Phase A, 2 = Phase B, etc

PNCHID Address of octal cards for telemetry output

PRTS Seventy-two cells of the flight matrix

REV Revolution counter in word times

REVWT Number of word times at first word phase for printout
REVDR Number of clapsed drum revolutions at first word phase

for printout

RA Quotient in division simulation
SAMREYV Revolution count at first word phase for printout
SEQCUNT Telemetry sequence count
‘ SKPTIM Times that frequency of printing the flight matrix should
be changed. These value are stored in the SKPSTR
table
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%7.2 STORAGE BLOCKS, Contd

’ SYMBOLIC NAME CONTENTS
| SCALE Scale factor for initial constant printout
SKPRS The next time the flight matrix should be printed
SMITH Telemetry sequence counter for printout
STIME Floating point simulation time when the revolution counter

was set to zero previously.

P SA Coded value of sector ALPHA +1 of the current instruction
SB Coded value +1 of sector BETA of the current instruction
B 529 Initial sigmator lower word of time
S30 Initial sigmator upper word of time
|
. SECT Previous value of SA (sector ALPHA +1)
|
- SONT BCD location for printout
| SPAC Head spacing lag used by the sigmator update routine
‘ UPSIG
TSA Coded ALPHA address +1 of current instruction
TSR ' Coded BETA address +1 of current instruction
[}
TBUF Telemetry output buffer
TEMP Intermediate storage cells
TIME Floating point sigmator time used as reference by all

input and output parameters
TMCO Floating point time of main engine cutoff

TREF Revolution count when last data will be completely
telemetered




SYMBOLIC NAME

TAPRC

TDATA

TELEM

TIEMPE

TITLE

TELCNT

TELREV

TSSTIM

URN

VALUFE

VTNEW

wWC

WBCT

W DS

WDRFT

WITCH

XADCT

ZREV

ZFLAG

GDA63-1141

7.2 STORAGE BLOCKS, Contd

CONTENTS

Input parameter, FILES; count of files to be read from
telemetry input tape -

Current data word being telemetered. Set up in the for-
mat specified by the Model-3 telemetry data converter

Intermediate telemetry output buffer

Time that core was saved on tape

Location from drum deck;.0 for title card

Number of words in the output buffer

Revolution count when a value is stored for telemetry
The length of the telemetry discrete in word-times
Location of the previous instruction

Octal correction when restarting from a tape
Velocity for printout (preflight)

Torquing rate (preflight)

Omega - earth spin rate (preflight)

Gyro errors (preflight)

Omega drift - torquing rate (preflight)

The current entries from the WHICH, WHIC2 tables being
examined

Count of exit addresses used

Revolution count when delta time is stored in the count-
down scctor for MECO

Current entry from SGTRF table
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E‘ 7.3 TABLES

| SYMBOLIC NAME FUNCTION
JSGTBL Contains the locations of velocity, position, and time

sectors on the Model-3 sigmator

3SHORT Short line lags in word times for the Model -3 sigmator

3XTRAK Converts the unstarred track addresses to starred tracks
for the Model-3 computer

COMPR Locations of overflow errors to avoid duplications of
“ : . error comments

- COMTB Locations of format statements for overflow error
’ comments
| CONDTAR Bit configurations of the code word that indicate phase
branch points in the flight. Used to change the flight
mode
. DSFAC Seventy-two scale factor values for the flight matrix

printout; all in floating decimal

DTPSTR Times that detailed print is desired. The times are in
pairs, each consisting of a turn-on time and a turn-off
time. All values are in floating decimal.

FLOW Fifty cells containing flags that indicate the functions to be
performed at cach exit address. Tag contains the

matrix handling flag. The decrement contains the exit
flag. The address contains a patch number, or 0 if no
patch is to be executed.

FORMT Seventy-two BCD names to be printed in the initial flight
matrix
LIBDA For converting BCD to binary
MTIME Alternating times and settings {or changing the MSCAN
setting
. OPCOD Mnemonic orders for detailed print )
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7.3 TABLES, Contd

SYMBOLIC NAME

OUTAD

PATRA

PRTIME

SKPSTR

SGTBL

SGTRF

SHORT

SIGMA

WHIC2

WHICH

XADDR

XTRAK

ZSCALE

GDA63-1141

FUNCTION
Output address as located in the drum
Patch transfer vector

Times relative to the beginning of each phase, that the
print out (preflight frequency of the matrix should be
changed

Alternating printout frequencies and times for printing the
flight matrix

Sigmator location table for velocity, position, and time
sectors of the Model-1 computer

Entries correspond to the sigmator location tables. The
address contains the location of the floating point to
Librascope conversion routine for each particular value.
The decrement contains a 1, 2, or 3 for u-, v-, or w-
position; and a 4, 5, or 6 for u-, v-, or w-velocity.

The upper word of double words has a prefix of minus.

Head spacing of short line read heads in word times for
the Model-1 computer

The sigmator storage cells
Output choices for filling the flight matrix; read as WHICH
in the inputs. Bits 0 through 35 represent positions 37

through 72 of the flight matrix.

Output choices same as WHIC2 only bits 0 through 35
represent positions 1 through 36 of the flight matrix

Exit address locations in core

Convert addresses from unstarred tracks to starred
tracks for the Model-1 computer

Sigmator scale factors for velocity, position, and time,
floating point decimal
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SECTION 38
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ENTER
FROM INSTRUCTION
BREAKDOWN

ADD

SET UP OPERAND
ADDRESS

ADD 1A l

SAVE SIGN OF
ACCUMULATOR

ENTER FOR
SUBTRACT

ADD 1 l
OPERAND

I

ACCUMULATOR

SUM

'

YES NO
WAS ACCUMULATOR =0

ADD 2

FOR SUBTRACT

GJVAS OPERAND =z 0

QVAS OPERAND ZD

YES

lYES

-~ —
(g IS SUM = 0 ‘)
NO VES RETURN

TO COMPUTE
NEXT LOCATION

ADD 5

GOTO
FRROR PRINT

NO /7~

COUNT n—& IS SUM = 0 3

lNO

YES

ROUTINE,
LAST X

Figure A-3. Instruction Simulation-Add
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OUAA

ENTER
FROM INSTRUCTION
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MPY
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MPY 1
SAVE OPERAND
JAS MULTIPLICAND
My
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COMPLIMENT
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I8 Md

MPY 1 ¢

}.\‘u

WITH
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4
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COMPLEMENT
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RIGHT 1
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Figure A-1. Instruction Simulation-Multiply
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OAA ENTER
FROM INSTRUCTION

BREAKDOWN

SUB

SET UP
OPERAND IN
ADD SINMULATION

'

COMPLEMENT
ACCUMULATOR

'

NO
IS ACCUMULATOR = -1
SUB 2
SAVE GO TO ERROR-
COMPLEMENTED PRINT
ACCUMULATOR ROUTINE
[ |
ADD 1A y
REMEMBER
SIGN OF
ACCUMULATOR
AS PLUS
ADD 1

Figure A-35. Instruction Simulation-Subtract
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ENTER
FROM INSTRUCTION
BREAKDOWN

TRA

COMPUTE
LOCATION OF
NEXT INSTRUCTION

FROM BETA FROM ALPHA
ADDRESS ADDRESS
l TRA 5 l
UPDATE REV SAVE REV UPDATE REV
COUNT TO m— COUNT FOR l¢————4 COUNT TO
BETA ADDRESS PRINT OUT ALPHA ADDRESS

Figure A-7.

RETURN
TO UPDATE
FLOATING
TIME

A-11

Instruction Simulation-Conditional Transfer
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RESET
INPUT
SWITCHES

READS l

PRINT
COMMENT
THAT NOC
CORRECTIONS
WERE MADE

CALL
FORIN TO
READ LICOS CORRECTIONS

WERE ANY
LICOS
CORRECTIONS

MADE
YES

PRINT
COMMENT THAT
NO CARDS
WERE
RFAD

INPUT
READ 1 -4

) 4
WERE ANY
CARDS READ

YES

[IBX1I OR
COMX

BEGIN
< SIMUTATING AS

UVigure A-04, Dostact

LIBVAL

STORE THE
VALUES

/___j? \ > \
READ ANY SORT AND )

roem Tape
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BEGIN
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SCALE AND
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ENTER
FIRST TIME
THROUGH
LICNS

SET INDEX
WITH
LOCATION
OF DRUM

Din [

READ LIBRASCOPE
DRUM IMAGE
FROM BINARY
CARDS

XEz2

WAS THERE
A CHECE SUM

NO
INITIALIZE
SIMUTLATION
SWITCH FOR
NO PREFIIGHT

IS THIS A CLGSED
OGP SIMULATION
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PRINT

DEOINNING
SIMUTATION
COMMENT

PIUNT
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S ENIT

READ1
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READ

READ 2
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LIBVAL

ENTER
AFTER READING
IN A VALUE

YES

I

BC

LiB1

LIBCON”
N

CONVERT T'HE
LOCATION
FROM BCD
T BINARY

Y
COMPUTE DRIFTS
D, - 1.0y TO

1
MODIFY TAPF
THRUST VALUES

S AN

CONVERT

THE VALLUT
FROM BCD
PO BINARY

-

1

STORE THE
INSTRUOCTION

fN THE
DRUM
LIBVS o
3 RiESET
WERE ANY TRACK OR ) NGO LIBCON AND

CONVERT THE
LOCATION
FROM BCD
TO BINARY

'

IIVIDE THE
VALUE BY
THE SCALFE
FACTOR

i. | FIBYVER

CONVERT TUE
SCALED VALUE
to
FIRRASCOP Y

PRI \

FRROR }
EONMEN

LIBVA

SEOTOR VALULS Trss B TTRINE C ELIS

POMONENT TIME

L

i
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~

-
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STORY THE
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STORE MSCAN
SETTINGS AND
SETTING TIME
ALTERNATING
IN A TABLE

y

STORE THE
FIRST FLOW
IN CELL
PEXIT OR
PREFLIGHT

Y

INITIALY ZF

PHASEN CELL
NON ZTRO
FOR PRYFLIGHT

y

r‘ INFTTALIZE

MSCAN AND
FrLIGHT
MODE

X

CONVERT
CobDE WORD
LosOATION
FRont oD
O INARY
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SORT AND SETUP TABLES
FROM LICOS INPUTS

SURF3

START THE
INPUT
READING

FOR BUFFERING

1na1ts

FPOUT

GO TO PRINT
FLIGHT MATRIX

SET SWITCH TO

2] BYPASS INITIATLIZATION
TEST FOR SAVE TAPL
INITIALIZATION

4

SET CONVERSION
FACTORS FOR
CANONICAL UNITS
FOR VELOCITY
AND POSITION

A

SURFS5 YES

NO / RUNNING

WITH
COMDO

[

4

SKIP THE
[DENTIFICATION
RECORD

3

NO

DOFES TAPE
HAVE [ D,

REWIND
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TELEMETRY TApt

I

YES

IS A THELEMETRY
TAPE RECUESTED

4

NO)

IS PRINTING
TELEMETIRY ONTY
REGUESTED
4

Otrer Initiglization
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TELOUT

ENTER
FOR TELEMETRY
OUTPUT

INITIALIZE HIS THE
SET BUFFER IST, R
COUNT - o FIRST TIME

YrS f
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YES
ROGER
RECOVER ON Y DANIE]
CHANNEL B CHANNEL B
WRITE REDUNDANCY
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NO
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SET UP
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MOVE DATA
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v

WRITE
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APPENDIX B

The following tabulation lists the comments printed out in LICOS operation. The
TEXT REFERENCE columnentries refer to paragraphs in this report in which the
COMMENT is mentioned. The NOTES REFERENCE entries refer to the Section B.2
NOTES of this appendix in which some of the COMMENTS are discussed briefly. The
COMMENTS are divided into groups according to the circumstances under which they
are initiated. These are: normal operation, ''non-fatal"” errors, '"fatal" errors, and

special tape output.
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‘ B.1 LICOS COMMENTS

COMMENT

B. 1.1 Normal Output

TEXT

REFERENCE

NOTES
REFERENCE

Starting Simulation

BEGIN [LIBRASCOPE COMPUTER SIMULATION
ENTER SIMULATION AVTER PTO, TIME -

RESTARTED SIMULATION AT ____ SECONDS
Discretes

MAIN ENGINE CUTOYF

HECRIEST DISCRETE
SUSTAINER CUTOFY
VOUE ACCEPT DISCRETE
GlsRd MALS DAGINE CUTORD

GROUND MODE COMPLETE DISCRETE

SELECT RFGUTLAR TRACKS

OHRDER CODp TEST PASSED

EXNTRA TRACKS SELECTED

STOE COMMAND ENCOUNTERED IN SIMULATOR
VMASTLR SEGLENCE START

BOCSTER CUTOFT

CLEER L TOTE

ARONS T T ST HGATTE AT - PINEE

NS D AT RN W ST S S M TOR DUVGE

NN

9.

.9

< M o8 0 [SVREE AN

[

[ 8

o

B.

B.

Lo

Do

[N Lo

18]

(8]

o

o

[

(8N
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B.1 LICOS COMMENTS, Contd

TEXT NOTES

COMMENT REFERENCE REFERENCL

Simulation Comments
SKIP TIME PRINT OUTS ARE COMPLETE 3.8.2 B.2.5
MSCAN SET TO__AT TIME = ____ 3.9.2¢ B.2.6
FLIGHT MODE WAS CHANGED FROM ___TO___ 3.9.1b B.2.7
—WAS STORED ON THE SIGMATOR AS TIME 3.2.3.1 B.2.%
AT TIME - ___
DELTA TIME TO CUTOFF - __OR 3.2.3.3 B.2.3
IN LIBRASCOPE FORMAT =~
DELTA TIME STORED ON SIGMATOR FOR MAIN B.2.8

ENGINE COUNTDOWN AT TIME -

B.1.2 Non Fatal Errors

Overflow or Computational Errors

OVERTLOW ON LEFT SHIFT 3.2.6 B.2.9a
A RIGHT SHIFT OF 25 OR MOKLE PLACES 3.2.6 B2 94
LEFT SHIFT OF 25 OR MORE PLACES 3.2.6 B.2.9a
SUBTRACTION WITH AC -1 3.1d B.2.9a
DIVISION WITH AC - -1 AND OPERAND = -1 3.1t B.2.9a
OVEFRFLOW HAS OCCURRED IN DIVISION 3. 1f 1. 2.9
ADDITION OVERFI1.OW 3.1b B.2.%a
MUPTIPLICATION WITH AC -1 AND OPFRAND - -1 3.1c B.2.9a
Telemetry tirrors
DISCIETE WAS GIVEN TOe =N AT s.2ole2 Ph.2.9h
DIsCRE TR W S O BN Tay T ATE AT PSS R B2
VAT LR STORUD o TNTA iR WITHOU T 302050 B.2.0h0

R A

PRNOTWCRE T s i T s L2
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| . B.1 1ICOS COMMENTS, Contd

TEXT NOTES
COMMENT REFERENCE REFERENCE
DATA WORD NUMBER___ WAS CLOBBERED 3.2.3.4 B.2.9
AFTER THE _____TH BIT 3.2.10

3.2.10.2

Other

THY SIGMATOR WAS NOT SET TO ZERO 3.2.3.2 B.2.9¢
PROPERLY
TRIED TO SET 8 FLIP F1L.OPS WITH H GATE 3.2.15 B.2.9d
C1LOSEKED
S6 WAS NOT SET BECAUSE DISCRETE WAS 3.2.138 B.2.4e
T sHORT
PTO COMMANDED WITH FREEFALL TIME 3.2.9 B.2.9Yf

ON 9 FLIP FLOPS =0

[8V]
@

. PTO COMMANDED WITHOUT SETTING H GATE 3. B.2.9yg

.

to
[
Do
Ja—
p

ERROIRIN OUTS (LiF SET WRONG MODE) B.2. 9h

Mg

MSCAN WAS READ WITH INCORRECT SECTOR 3.2.5 B.2.91
SETA AT
B.1.o PFatal Errors
Trrmait
Input
TP, ADDRESS____HAS TOO MANY DIGITS 4.2
T YA DR GIVEN AT ADDRESS - HAS TOO) MANY 1.2
PGS
SECTOR TOO BIG 1.2
PR 0 G 4.2
SO A TR PO OR Gy ATER THAN L, 1.2
PO o SE LY ADDRI S o THE CARD SO0
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B.1 LICOS COMMENTS, Contd

TEXT NOTES
COMMENT ' REFERENCE REFERENCE,
THIS CARD IS OUT OF ORDER IN THE DATA 3.9.2f

SETUP
NO MORE THAN 50 EXIT ADDRESSES MAY BE USED 4.4

During the Simulation

T __ FROM COMBO TOO LARGE (CUL AND 3.2.46

CONUL)

TSTORE INSTRUCTION WITH NON-EXISTENT 3.3

TRACK CODE

T TIME IS TOO BIG 3.2.4a

IMPROPER CALLING SEQUENCE TO WABSH27 3.3 B.2.1oe
AT —

Torssxrrx LIBRASCOPE PROGRAM STOP *¥xx ok 2.3

i3.1.4 Special Tape Comments

Reading the Telemelry lnpul Tape

REDUNDANCY ON CHANNEL A B.2.1a

PTO READ THROUGH 1 I'ILE OK 3.9.2d B.2.11h

FOUND EOF READING INPUT TAPE 3.9.2¢ B.2.1i¢

READ AT PTOALL FLIES 3.9 2¢ B2, 11d
3.6.ad

READ NT NGRAAL A FILES B2 11

TAPE CHECK 2T0 RPN Boloilt
e the Model- 'I‘:‘i‘(:rm'!r},/’ Output Tupe

e I A O A G BR ALY 38 1 5.2 00, 2a B.2. 024

Gl otrE N N O N by b TR ey Bs.2.12h
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. B.1 LICOS COMMENTS, Contd

TEXT NOTES
COMMENT REFERENCE REFERENCE

TELEMETRY BUFFER WAS EMPTIED WITHOUT B.2.12a
SEQUENCE START

o
—
43
jo8

TELEMETRY BUFFER WAS EMPTIED BY B.C

SFQUENCE START

Writing Core on Tape

BAD TAPL BS B.2.13a
EXND OF TAPE BS B.2.13b

TAPE BSWASSAVED AT - SECONDS 3.9.2a B.2.14¢

<&
——
-
[
—
ol

L2a

a -
()

Unina ENIY ADDRESS

TTHESE COMMENTS ARL FOLTOWED BY THE COMMENT PROGRAMMER CALLI'D

PEAD AL OTHER COMMENTS ARE FOLLOWED BY THE COJMMBENT PROGRAM-
‘ TR ALV ED ENTT FROM XNXXXXN WHERE XXXXN IS THE ABSOLUTE LOCA-

' S UORE FROA WHICH THE EXIT WAS MADE
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3.

4.

6.

GDA63-1141

NOTES

Printed when all input, except sigmator values, has been read successfully and
simulation is begun at 3100,

Printed when the simulation is restarted at 3100 after a power turn off discrete.

Printed when simulation is restarted from a tape.

Printed when discrete commands are given by the guidance program. See section

on discrete simulation for further description of each discrete.
See section on Printing the Flight Matrix on a Time Basis, PATCH 5.

See Section on setting the MSCAN.

N

ee section on Flight Mode.

See section on accumulator to sigmator instruction simulation, (storing un the
countdown sector).

These comments have no effect on the simulation but are merely to inform the
programmer ot a pussible error condition.

printed 11 the ERCOM awitch is set non-zero, See the individual instruc-

i

tion simulations for turther information.

b, Printed if telemetry cutput is requested: even if printed telemetry is not
requested,

. See Accumulator to Sigmator instruction simulation (velocity and position).
d.  Dee load time {lip-fiop instruction sunulation.
€. See set S8 tlip-viop mstraction sanulation.

. See oot ofp struction semudation.

et pnwE T ture ot D e orae b by s g e,
! St s ton oty b et ahoede,
T e~ “'\ ! HERES AN ci=id Tron o ation
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. B.2 NOTES, Contd

10. When an error of this type is encountered, the simulation is terminated; a core
dump may be given, depending upon the type of error committed.

P

This refers to values read in when restarting a simulation from tape.
h. Same as a.

¢. This comment refers to a LIBRASCOPE value or location that has been read
as input.

d. Same as c.

¢. This comment refers to a LIBCON value.

This comment refers to the binary drum deck.

g. Same ast.

h. This comment refers to the card that immediately follows the *'DATA card.
y.oo Slaximum of S0 exit addresses allowable,

i A veloeity or position input is too large to be nandled by the V1T
D ¢ t . J
(‘l.)mputur,‘.

k. See section on undetined operations.

i Uhe vaive of tiine tou big to be handied by the LIBRASCODRE Computer.

m. This s a programming ercor in LICOS.  The calling sequence for printing
refers to a variahle location, but has a count of zero.

1L See section on testing for the logical flow of the Librascope program.
Carrentiy the telometey mpat isowndt AT

cernied each tune aocedundancey 2 encouantercd. The seven salues that were

cecwd e printed Inoootal

~ . b N . 3
rioted when o

. st od aberd roorhe nos e s el oot her Dieoog dade b eapeeted

OWED TURN OF inetroction s comuladed, the input tane is
! ;



. B.2

12,

15.

GDAG3-1141

NOTES, Contd

Printed when an end-of-file mark is encountered on a Model-1 floating point
input tape during the normal compute cycle of the guidance program.

Printed when an end of file is encountered during the normal computer cycle
of the Model-3 computer, or if all files of data have been successfully read, a
power turn off instruction was simulated, and no more files are expected.

Printed when an end of file mark is encountered in the normal compute cycle
of the Model-1 computer, but a power turn off instruction had been previously
simulated and the input tape spaced ahead to the next file, and no more files
are expected.

When a POWER TURN OFF instruction has been simulated, LICOS reinitial-
izes and advances the input tape to the next file. If more data are expected.
the first record of the new file is read. If a redundancy check occurs, this
comment appears. After 3 unsuccessiul attempts a core dump is called.

Currently the telemetry output tape for the dash 3 computer is unit B6,

This is the number of sequences output by LICOS, modulo 2 for the Model-3
computer, but the actual number for the Moedel-1 computer.

Printing of telemeiry continues as requested, but an end-of-file mark is
written on B6 and no more output is written on tape.

For the Modei-3 computer, the record size is 30 words and no sequence start
word is in the record.

—
o

This is the normal situation with the record size varying witi
words per scquence.,

Currently the save core tape is unit 535,

It the redundancy cannut be recovered alter two trvs, the run is terminated
with this comment,

Iibe o o e = epcointecd Betore core 38 completely written the ran is

Lo minaie ..

Privted when core s heong o sten on tapes with the ~onnciation time at whieh

o

4



