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re Layout
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1. The ILM3 Complex uses two DDP 22h Central Processing Units (CPU) -
A and B -~ similar to.D and B the CM5 complex « and one specially modified
DDP 224 (FU - C - similar to T of the CMS complex.

2. Each CPU has two ks and upper. Hach bank is made up of
four moxry modules. Xal per banks of A, lcwer and upper banks of

B and rer  bank of C private modules and share one
common module. Upper bank of C contains four private modules and does not

share any modules.

_— 5 - . . P Yoy v 4 ‘
3. Fach module has an addressing range of '00000 to 1777T7. FEach bhank has an
address range of 100000 to *T{(77. Addressing locations Y60000  to YTTTTT
from AL, AU, BL, BU, and CL will access the shared common module.

4. PBach CPU has its own Direct Memory
if the CPU is not acce

5 (DMA) vhich can access memory only
There is one Fully Buffered Channel (FBC) which
CPU accesses another module. The FBC is used
to allow the CPU's to be active during I/¢
is located in common to allow the I/@ to be done
lirectly batween memory and hardware without the ‘burden of a prior memory to
memory transfer.

can access one module
for 1/¢ to the simul
activity. All I/¢ dat
3
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Common Core Map
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MALFUNCTIONS

Effective for Load ML1011-A; the following changes have been made to
the malfunctions:

System Additional Spares - Total Available ,
1. EP 0 | 108 i x
2. EC 0 131 B
8 S &C 10 167 !
a. RC 0 233 :
5. ED ' 0 31 ' !
6. PG 0 133 :
7. cM 8 40 :
8. PR -9 156 ;
9. AG -9 0 !
10. IN : 0 _ B ﬁ

: [0%3

The MIU program will access the total number of malfunctions available for
Load ML1011-A.

The following Tist should be used to see how many core locations a particular
malfunction group should be changed:

ML10-01 Starting New Starting
System Address Address Change Address
P 166000 0 166000
EC '66154 0 '66154
SC '66357 0 ' '66357
ED '66614 +10 '66626
RC % '66653 +10 '66665
PG 167224 +10 '67236
CM 167431 +10 | 167443
PR '67471 +18 '67513

IN '67747 .0 '67747
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1. Information Reguired from

—
=
Eh)
o
Pt

1.1 #ill out Dump Form.

ms, any unusual observations, any special

5

your run.

7 - . . . \
to recover, which diagnostics were run (if any),

1.4 THote date, time, tape numbers, pers

2. Dump Information:

2.1 Load ID, 7
Level,,

Revisi

et Poind

Level, and MIT load ID; Reset ID, Date, Revision

2.2 Register contents.

2. ¢S History of EBxecution to show computations leading up to the failure.

(8]

’

2. I5/0S History of action to show manual operabtions leading up to the failure.
2.5 Contents of Data Pool area in memory.
2.6 Contents of program area in memory,

2.7 ©Status of Computer Complex.

)}

2.8 Major options in effect (DAS, some DCE deselected, ete.).
3. The significance of certain important portions of the dump information is
outlined below:
3.1 Registers and Indicators:

7 - Register = instruction currently being executed.

i

P - Register = location of next instruction to be executed,
P09 Light - Upper bank

INTERRUPT Light - failure occurred in interrupt processing routine.

I/Q HPLD Light - output commanded with no device enabled to receive the
output or input commanded with no device enabled to send
input.
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cycle

value
table
insta:

- progran
(16 framcb)- starting

3

cremented once for each low
called witin one major

with the first
program of the low prluriby table.

’rld Jx"‘P FNDJJL"
Counter is reset after

Maximum
of counter is equal to low priority
length, JST UPPERL
ructions inclusive.

all low priority programs have been executed

in a major cycle,

Frame number, (FRAMECNT B- Computer and WUMI

A-Computer) is incremented
starting at 1

at each 50ms interrupt
and running to 16, then recycling.

Failures



Computer Failures
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WFCAUH, WFCBUH Counter (WFCBUE B-Upper and WFCAUH A-Upper)
is incremented once for each high priority
program- called within one major cycle, starting
with the first program of the high priority table.
Maximum v > of counter is equal to high priority
table lengtl ETURN instructions inclusive.
Counter isgs eset hy lower executive at beginning

i of new major cycle.

WFCAUL, fICQUu Counter (WFCBUL B- ~Upper and WFCAUL A-Upper)

| is incremented once for each low priority
program called within one major cycle, starting
with the first program of the low priority
table. Maximum value of the counter is equal
to low priority table length, JST RETURNIL
instructions inclusive. Counter is reset to
zero by lower executive at beginning of new
major cycle,

LOCATION '37 Contains loca

tion at which last interrupt
occurred in upper

core.

. WHIGPRYC Contains the NTRY point of the last high
priority program called (JST RETURN
inclusive).

WLOWPRGG Contains the NTRY point of fho last low prjo}JLJ
program called (JST RETURNL inclusive).

4,1 Check the day's Computer Sign On/Off Utilization, and Dump Forms to
determine if this failure has occurred previously. If an identical
failure occurred previously, no solution to the problem was found, and
no tape was dumped, dump a tape and log it in to the Tape Library.

Note its number on the Computer Sign On/Off Utilization, and Dump Forms.

L. A & B Recovery Procedure
|
|

h.2 If a halt occurred at an executable instruction of the last operational . 1
program called, use the display/enter routine to dump the area around this
location and coxxcct bad instructions using the information provided on
the verify error printout of LDV. Do a search to determine if these
locations were destroyed by another program. In this case NPP this
program. Start complex; if computer does not halt, proceed with examination
of N¢Ped program. If computér halts, further diagnosis of the problem
may be time consuming. Use your discretion as to whether to pursue the
. problem or reload.
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SPECIAL HARDWARE FEATURES

Maintenance Test Fixture

1.1 Indicators:

1.3

P Register - Bank and Addrcss of last instruction fetched.
P-1 Register - Bank and Address of next to last instruction fetched.

J Register -~ Bank and Address of last Jump i:struction executed.

1D/

J-1 Register - Bank and Address to next of last Juwap-dnstrvction exectued.

Trap Loc. -~ Bank and Address (trap location) of last interrupt received.
Interrupt - illuminates when in interrupt routine.
Controls:

Computer Select - Selects which computer is to control the test fixture
and drive the indicators.

P/P-1 Clear - Resets program registers on test fixture.
J/J-1 Clear - Resets jump registers.

ma

Timer Control Computer Select — Selects which computers are to have @CP

1

control of clock.
Timer Clear - Resets clock register.

RTI Enable/Disable - Causes the clock register to be reset by Real Time
Interrupt.

Auto Start Enable/Disable -~ Causes the clock to be started with control
computer START and stopped with HALT.

FFI Enable/Disable - Enables FBC-Free Interrupt capability. (Applicable to

024 computers only.)
@CP Codes for Test Fixture Resal Time Readable Clock:
'1100 -~ Start.

'1101 - Stop (may not be manually executed from a halted computer ).

i

11102

i
=5}
0
0
v}
ct

11200 -

l

Sets up data path from test fixture via the shared PIU to the
input transfer bus of the computer that issued the @CP., Permits
clock to be read with an INA or INM., @CP '2070 must be used to
disable (real-time) typewriter input. @CP '2000 must be used
to re-enable (real-time) typewriter input.



Hardware Features

lpIhgeQ

1.4 Clock Operation

1.k.2

1.4.3

Starting @ Clock may be started by lssuing gCP %1100, Clock
will start when control computer is started if AUTY
START ewitch is in ENABLE position.

Stopping: Clock will stop when the control computer halts, Clock
msy be stopped (under program control) by issuing @#CP '1101.

Resetting: Clock may Dbe reset by issuing @CP '1102. Clock will be
reset ecach time a Real Time Interrupt is received in the

contral .computer if RIT switeh is in ENABLE.position.

(S

Reading:

.1 The clock register is marked off in seven BCD digits (four bits
each), and elapsed time may be read directly in BCD, Note that
the least significant digit gives a reading in microseconds X10,
The clock register will displey time intervals up to 100 seconds
with a resolution of 10 ps.

ed time may be read into the A register or directly into

vy by issuing @¢CP '1200 and then executing an INA or INM as
e. Hince only twenty-four data bits may be transferred
est fixture, the most significant digit of the clock

register is not available to the computer. This means that

elapsed times greater than ten seconds cannot be transferred from

test fixture to computer.

1.h.4,3 Use of 30-series S-PAC logic in the test fixture results in

slightly increased response times. Consequently, a few N@P
instructions should separate the @CP from the INA (or INM)
to allow adegquate time for data path setup.

1.h.4. % The clock register can be read simultaneously by all the

computers that are cabled to the test fixture, i.e., LMS A and
B or CM5 C, D, and E.

1.4.4,5 If the clock register is to be read in real time while typewriter

input is also enabled, an @CP '2070 must be executed before the
@CP '1200 and an $CP '2000 must be executed after the INA or INM.
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TIMIT

=
-‘—-1

1. Test Procedure

1.1 A procedure for simulation configuration should be prepared that would
most effectively exercise the system. Landings, ascents and descents
arc good examples.

1.2 Logging of timing data for A or B computer is accomplished through the
A/B Log program, ubilizing the Maintenance Test Fixture. Data is taken

at a time.

2, Using the Maintenance Test Fixture

2.1 Compu Select should be moved to indicate the computer for which
taken.

crol Computer Select Switch should be set to agree with 1 |

2.3 The

. Enable/Disable Switch should be set to 'disable'.

able/Dissble Switch should be set to 'disable’,

2.4 The Auto-Start En

. 2.5 The FFI Enable/Dissble Switch should be set to 'disable',

3. Timing Study Logging Procedures

\

\

\

|

3.1 Load the patches to the Exccutive programs and Y02 programs for the

| computer to be timed. The patches to Y02 N@P the data snapshot programs
i and allow logging in freeze.

| .

| With computers halted, set the timing switch in cabinet 47 to "Half
Time"; this allows the RTI to occur once every 100 milliseconds

w
N

i

‘ 3.3 OStart all computers and reset.

‘ NOTE: It may be advisable to do the following:
3.3.1 Halt the complex.
3.3.2 Dump YO2DATA (approx. 2L0 locations) via C-Computer O&tal Dump (q.v.).
3.3.3 Ixamine the printout, checking for the program calls followed by

the execution times. The times will be in microseconds, BCD format,
X ten.,

‘ 3.3.4 Restart the computers and reset.




Timing
7;’ Page 2

-

n

Mount scratch tape for A & B lLog.

tion desired.

Log data as desired during phases such as engine ignition, engine
(S

thrusting, attitude maneuvers, and landing. Tor every two seconds of
data logged one second of Real World data is logged.

When logging for one computer is completed, halt the complex and write
an E¢F on the log tape.

the couwplex.

3.1 to log timing the other complex.

)
o
)
0
©
=

Proceed to step

Identify the log tape noting computer, load tape, and reset tape. Reload
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'100: SIM mode

'101: SYS mode
'102¢ SETUP

1.2 Set to 'l to wait on minute pulse before transferring

to SIM mode.

1.3 Index R

—~ y - . . . \
Set Lo 'Inn(where nn is reset point desired) to cause

an gutomatic vres

]
ch

on transfer to SIM mod

ﬂ_‘r

¥2: Set to 'l to set Q775 for GSSC Logging (must set X3 to '0).

X3: Set to 'l to set Q776 for GSSC Log Playback (must set X2 to '0).

2. ©Sense Switch Options (SIM Mode):

2.1.1 BSSWl: spare
2.1.2 S8W2: spare

2.1.3 8SWh: Forces the complex to clear-and-halt at end of current major cycle
(16 frames).

2.2 A Only:
2.2.1 SSW?: Feal Time Print.
2.2.2 BSW5: With neither Q775 or Q776 set, the PCM buffer loads from Drive k.

With Q775 set, in LMS/GSSC or LMS/CMS/GSSC mode, GSSC inputs are
logged on Drive L.

With Q776 set, in ILMS only or LMS/CMS rode, GSSC ddta stored on .
Drive 4 are read to simulate GSSC inputs

2.2.3 SSW6: Real Time I/¢ bypass.
2.3 B Only:

2.3.1 SSW:

=
w

AEB TLog.
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Primary @8 «¢.e..

Page 2
2A

2.2 8SW6: Line printer activity bypass for entire complex,

\

Executive Philosophy

3.1

3'5

programs are divided into three classes: high priority (those programs with
a function of time), low priority (those not using Delta T), and Data Displays
wvent, Digital 1 erouu, and Parameter Display).

There are two options for calling these three groups of programs. Dither
option may be selected at any time. The sequence in calling priority is
showvn below for both options.

WSELECT = 1 : High
Data Displays
Low Priority

rieriby

WoELECT = 2

.n

High Pwiority
Low Priority
Data Displays

There are two different call table executors for high priority and low
priority programs simli. to the following instructions:

LOGP IRX CALLPHTR, 1
LDA CALLTABL, 1
STA CALL
XEC CALL
SKS L0700
NoP
NQP
JMP LOOP

The high pricrity progrems should be completed every frame., Should they
fail for any reason to be completed the executive will set a flag which will
type out the data ascociated with the interrupt (see RTI typeout). The
executive will then complete the interrupted high priority program and all
remaining high priority programs in the interruptd frame. The executive
will then do the next frame's High Priority Programs. This means that the
execution of the Data Display Programs in the interrupted frame will be
omitted. The necessary controls, however, will be set such that the Low
Priority Programs remaining in the interrupted frame will, time permitting,
catch up with the High Priority Programs

If WSELECT = 1, the Data Display programs should be completed in every

frame, Should they fail for any reason to be completed the executive will
set a flag which will type out the dafa associated with the interrupt. The
executive will then do the next frame's high priority programs. This means
that the interrupted Data Display program as well as the remaining Data
Display programs in the interrupted frame willnot be executed. The necessary
controls, however, will be set such that the Low Priority Programs remaining
in the 1n*erru0ued frame will, time permitting, catch up with the High
Priority Programs.
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. 3.6 If WSELECT = 2, the Data Display programs are more or less in a low
priority position; therefore, they do not have to be completed in each
freme. If the executive does not complete them in a frame, ™ omits the

remaining programs and goes to the next frame. This means that those
programs remaining in the interrupted frame will not be executed.

3.7 The symbeol, WREC, in each Exec is decremented by one at the beginning of
each frame and incremented by one each time a low priority frame is
Completed. Hence, if the low priority programs are executed at the normal
rate is taking more time than was originally allotted to it,
WREC should be zero abt the completion of each frame, If it has a negative
valu I 2 or less, the low priority programs are not completing,

Although the low priority programs are divided in sixteen (16) frames
similar to those of the high priority programs, the low priority programs
do not have to be completed each frame. If the Exec does not complete them
in a frame, it will complete them in the next frame before executing the
low priority programs of that frame. If Jow priority programs start to
Tall behind the high priority programs, the Executive will try to catch

up.

. Absolute SGtorage:

TLocations from 0-100 are all being used by the the ¢S, They must not be used
{o> o

. for any other purposes.

LOCATIONS ‘ PUREOBE

0 -1 PFT - Power Failure Interrupt

nNo
!

3 RTI - Real Time Interrupt
h -5 DCE - Interrupt - A Only

6 -7 AMSXFER Interrupt - A Only
10 - 1h RT 1/¢ - A Only

15 -~ 17 Gamma Exec (if any)

20 - 32 Quick Look & Change

33 ~ 37 Exec. for RTI go ahead mode
Lo - L3 Exec. for normal up and down
50 - 63 Search routine

6l - 65 RT I/¢ - A Only

o
(@)
i

=

Spare

Check Sum Routine

P |
i
1
=
-
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. 5. RTI Typeout:

The format of the RTI Typeout is as follows:

CB PP FF NYRY. NNNNN '1.0C LLLLL

CB = Computer and bank

PP = HP - High

o]

riority Program

=

DD —~ Datla Display Progrem
LP -~ Low Priority Program having endless loop
FF:= octal number representing the franme.

enting the interrupted program's entry point.

NNNEN = octal number repres

LLLLL = octal number representing the location at which the interrupt occurred.

6. Real Time Interrupt Recovery Procedures:

The RTI typeout should by no means be disregarded but should be considered

as & malfunction in the simulator. Repeated RTI typeouts are certainly such

an indicator. The following outline may be followed as a guide in determin’
. the fault or as a recovery plan.

o

6.1 TLook at the RTT typeout for the entry point of the program in which the RTI
occurred. 1f more than one RTI occurs, look for a common entry point to be
printed. (Can a pattern be established?)

6.2 If pattern can not be established and new patches have been loaded, reload
B withou the patches to see if the RTI typeout still occurs. (Does an
error exists in a patch?)

6.3 If steps 1 and 2 fail to establish a cause for the RTI, verify the load
tape against core. (Are some locations changed in the last program called
that should not have been changed?)

6.4 Reload the load tape and verify before cycling. (Was there a bad load?
Is there a hardware problem?)

6.5 If all of the above fail, dump a tape soon after the RTI typeout occurs
again and label the tape properly. (Can the RTI condition be established
again for further analysis?)

6.6 Attach the RTT typeout to the computer utilization report. (The analysis
may show the EXEC GROUP that a change in frame loading may be necessary.

6.7 There is really no définite recovery procedure for clearing a continous
. real time interrupt short of relocading. If the interrupt occurs in a low
priority program the following events will occur:




will be no output by any of the

ccted e 2 e
nt CLeU CC.L.:J, INSH A

lights on the

data output programs in the

console of the affected computer

6.7.3 There will be no typecut by the B computer typewriter.

6.8 If the interrupt occurs a hi gh priority pr

6.8.1 There will be no output by any of the
affected cor ]

[@)

6.8.2 The pattern of flashing lights

will not be normal.

6.8.3 There will be a continuous typeout of
o4 = - 3

iter.

B computer

n the-

sgram the following events will

data output program in the

console of the affected computer

.

the interrupt information by the




‘ AB/

1.1 Run or

1.1.1 L = Look AAAAACB

= T o A ~§TY £ A A ok oA R oA
= Enter AABAACB BPTOODDG

b -]
i
.

e

ldress, 1 to 5 octal digits

C = Computer (A, B, or C)

3

B = Bank (L or U)

1
s
w

@ = Data, 1 to 8 occtal digits

2. B Only:

2.1 Run or Frecze

N

2.1.1 C = Convert DDDDDDDDBSS

. 2.1.2 U = Convert and Store AAANACE DDDDDDDDBSEES

D = Decimal Data, 1 to 8 characters, including sign (if any) and
decimal point (if any).

n
i

Decimal scale factor, 1 to 3 characters, including sigan (if any), with
no decimal point, Limits are + 03.

2.1.3 K = Pevcentage Malfunction Insertion MM - PPFPPPPPP
M = Malfunction number, 2 decimal digits

P = Percentage, seme format as D in Convert/Convert Store, but not
to be followed by scale factor. Limits are 0-100.

+

‘e Store Log Control C

()

2.1.4 Q= Sa
C = On/Off Switch: 0 = off, 1 = on

2.1.5 F = RCS Refuel com

99}

2.1.6 $ - See Loading Procedure




Typewriter Codes

s o Only

- - ~ 5 TIIT /2 A

2.2+l 5 HHH /MMSS
s

= Hours. 2
H Hours, 3

e
=
|

finutes,

s i ,
I, = Took AAAAAB

V3Vl d

AAAAAB 910

" AAvre s S v ey ] Tolta
A = Address, 5 octal digits

6 octal digits
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STORE._LOGGING & WRITE-RESET

1.1 Purpose:

1.1.1. Computer~Store:

1.1.1.1. To manually save in core at & time selected by the instructor
the data necessary to:

1.1.2.1.1., Perform a Core-~Reset to an intructor-selected point, or
1.1.1.1.2. VWrite on a Reset Tape an instructor-selected point, or
1.1.1.1.3. Log on a Safe-Btore Tape an instructor-selected point.

1.1.2. Safe-Store:

1.1.2.1. To automatically save in core at each minute pulse the data
necessary to:

1.1.2.1.1, Perform a Core Reset to a last-minute-pulse point, or
1.1,2.1.2. Vrite on a Reset Tape a last-minute-pulse point, or
1.1.2.1.3. Log on a Safe-3tore Tape a last-minute-pulse point.
1.2. Procedure:
1.2.1. If the Computer-Store light on the Problem Control panel is off, .
Safe-Store causes the area in core reserved for the reset buffer
to be updated at each minute pulse while the IMS complex is in run

mode and on the first minute pulse after the ILMS complex goes to
freeze mode if:

1.2.1.1. There is no CPU failure or off-nominal exec status, and
1.2.1.2, There is no thrusting activity, and
1.2.1.3. CMS has also met the above criteria if integrated with CMS, and

1.2.1.4. The Safe-Store Logging process is not in operation (i.e., not

=)

actually writing on tape), and

1.2.1.5. The Write~Reset light is off.



Computer-Store. ..,

Creees
oL Page 2

1.2.2. If the Computer~-Store light is off, pressing the Computer-
tore button just until the light comes on and then re easing
the button cau the light to flash until the sbove criteria
met and a Computer-Store has been performed at which time
the light remains on. If the criteria are met and the Computer-Store
is done immediately, the light will not flash before remaining on.

1.2.3, If the Computer-Store light is on, Safe-Store is terminsted.

r-Store light is on, pressing the Computer—Store
ntil the light goes off and then releasing the
ring a Core-Reset, Reset Tape Reset, or Safe-
cet returns to the status of (A) above.

1.2.5. To perform a Core-Reset to the last point preserved in the reset
buffer area:

1.2.5.1, Dial "00" on the Initial Condition digiswitch on the Problem
Control Panel.

1.2.5.2, Press the Reset button until the light comes on.

1.2.5.3, If the Computer~Store light was on, observe that it goes off
when the Reset light goes off.

SRS S 5 foonelg

gging Operating Proceds

2.1. Purpose:

2.1.1. To autcmatically log, on a Safe-Store Tape, all points preserved
in core by Computer-Stores or Safe-Stores. The Safe~-Store Tape
does not contain LTS or Ephemeris data and thus must be used with
a Reselt Tape.

2.2, Procedure:

2.2.1, Place a scratch tape or a Safe-Store Tapé containing a write ring
on Tape Drive 1.

2.2.2. If the Safe~Store Logging process is to be continued on a Safe~-Store
Tape without destroying the previous points on the tape execute
Step (F) before proceeding to Step (C), obtherwise place the scratch tape
on load point. '

2.2,3., With the LMS complex cycling, type in a "Q1" on the B-computer type-
writer to initialize the Safe-Store Logging process.



Computer—-Store, .
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0 ¢ e 4

2.2.4, Every time a p fwed5 the Ground Elapsed Time (GET)

and an octal ated with the point are typed out
‘ in the f I,r*";" X“" X HHH/MM/SS, where X = Octal
number, H He 5, M = Minutes, and S = Seconds (leading ZEeros
for X and H '

2.2.5. To terminate the Safe-Store Logging process type in a "QO" on the

B~Computer typewriter.

Safe-Store TEW)O Reset to one of the Reset Points
8 Reset Tape Reset has brought in the LTS and Fphemeris data):

she Indtiael Condition digiswitceh on the Problem
ontrol panel.

C

2,2,6.2. Press the Reset button until the light comes on.

.2.6.3. The B-Computer typewriter types out "TYPE IN DESIRED RESET
POTNT".

2.2.6.4 Type in the octal number generated in Step (D) or (G) associated
with the Safe-Store point desired
2 it was on, observe that it goes off when

?
g

2.6.5. If the Computer-Store 1i
the Reset 1 1t

2.2.7. To generate a list of numbers and times of points logged on a Safe-
Store Tape:

2.2.7.1. Place the Safe-Store Tape on Tape Drive 1.

2.2.7.2. Stop the LMS Complex via Sense Switch 4 on A or B, Master Clear
A,

2.2.7.3. Start at A-Lower '102. When "IS TAPE TO BE FORMATTED" is typed out.
2.2.7.%. Type in "N".. "ARE TIMES T@ BE TYPED-" is typed out.

2.2.7.5. Type in "Y", and the list will be generated.

3. Write-Reset Oper rating Procedures

3.1. Purpose:

3.1.1. To manually write on a Reset Tape the point preserved in core by
& Computer-Store or Safe-Store. The Reset Tape contains LTS and
Ephemeris data.




‘ 22, Proc

3.2.

3:2:l:1

3.2.0h,

ures .

existing
ring on Ta
ne:
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a write
scratch ta
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LAY
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Press the Writ

If the number seleéct
types out "RESET PZ

Reset
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tape on Tape Drive 1
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Clear
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on the Reset Tape
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light comes on.

the B-computer typewriter




1. Quick Look and Chenge: This routine is vsed to display in the A-Register

the

f an

contents

o]

r word in core or change any word in core in non-real

o/

time.

e 1.
1.2

1.3

2.6

~

P-Register = '20

. Index Register 1 = starting address

Press OTART., The word whose address is in Index Register 1 will be
d

@
fol)
=
=
o
s
e
i

(0]

o
[N
)]
t
(e}
et
B

nze the contents of that word one can change the A-Register to the
desired configuration or change the B-Register which will be exclusively
ored (ERA) with the A-Register to produce the desired configuration. Then
press START. The new word will be stored, Index Register 1 will be
ineremented by 1 and the contents of the next consecutive locatlon will

be displayed in the A~Register.

P « Register = '50

i

A - Regicster Configuration to search for

B -~ Register = Mask for applicable bits

<)

Index Register 1 = Starting address

Press START. The computer searches and halts when the bit configuration
is found, displaying the word in the B-~Register and its address in Index
Register 1.

To continue the search, just press START again. One should notice Index
Register 1 being incremented until the desired bit configuration is located.

3. Typewriter Dump and Change: This routine is used to change Core Manually

and Receive a Typewriter Listing of Results.

3.1

W
W

3.4

P - Register = '113
Index Register 1 = Starting Address

Press START. The word whose address is in Index Register 1 will be
displayed in the A-Register and on the tlypewriter.

Make change in A-Register or by setting B-Register bits for an EXCLUSIVE
or (example: to change 07112345 to OTWL54321, insert in B-Register 00546064) .
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PROGRAM

INPUT
CODE

i
R

0L
02
03

yh

10

M BOL

MIU

1pUT

RTYP1

RTYP3
RTYP
R E )
1?']‘[r()
RTYPT

RTYPS

\O

RTYP10

RCC2T

RC110
RCO18
RCLOT
RCOOL

RCO90

DECIMAL VAL
sg. in./sec.

UE

Iuel B Manifold

Oxidizer A
Oxidizer B
Prop. Fuel

Prop. Fuel

Oxidizer A

(99

Oxidizer 1

Helium Resv. A

Helium Regsv. B

7N O
VO D)
O . (/(jrj 04O -

C.0226L8

0.022648
0.045297
0.0h5207
8.568%10"

8.568¥10"

6

6



Percentage Malf.

Page 2
2E

RCS

INPUT PROGRAM MIU DESCRIPTION PERCENTAGE OF
CODE YMBOT NPUT LEAKAGE CONSTANT OF DEGRADE

31 RTYP11 RC0O02 Thruster 1, (BLU) Degraded 0-99
32 RTYP12 RC003 Thruster 2, (ALD Degraded 0-99
33 RTYP13 RCOOL Thruster 3, (BLWF) Degraded 0-99

Degraded 0-99

)
)
3 ( )
3k RTYP1h RCO05 Thruster 4, (ALR)
( ) Degraded 0-99
)
)
)
)

35 RTYP15 RCO06 Thruster 5,
36 RTYP16 RCOOT Thruster 6, (B3

37 RTYP1T RCO11 Thruster 7, (B3A

38 RTYP18 RCO12 Thruster 8, (A3R

39 RTYP19 RCO13 Thruster 9, (B2U Degraded 0~-99

Tg) RTYP20 RCO19 Thruster 10, (A2D) Degraded 0-99

i RTYP21 RC0O20 Thruster 11, (A2A) Degraded 0-99

(B2L) Degraded 0-99

(AlU) Degraded 0-99

Ll RTYP24 RCO25 Thruster 14, (B1D) Degraded 0~99

6 (

(

Degraded 0--99
Degraded 0-99

Degraded 0-99

Lo RTYP22 RCO22 Thruster 12,
h3 RTYP23 RCO23 Thruster 13,
15 RTYE25 RC026 Thruster 15, (AlF) Degraded 0-99

L6 RTYP26 RCO28 Thruster 16, (B1L) Degraded 0-99



Percentage Malf.

)\E Page 3

INPUT PROGRAM MIU DESCRIPTICN MAX. DECIMAL VALUE
CODE S5YMBOL INpUT IEAKAGE CONSTANT sq. in./sec.

11 PTYPL PR10C1 Ascent Helium Tank 1 O.6X10*u

L

12 PTYP2 PR1OY Ascent Helium Tank 2 0.6X10"
13 PTYP3 PR126 Ascent Oxidizer Bi-Prop Valve 0.01k
14 PIYPY PR128 Ascent Fuel Bi--Prop Valve O.'Oli.'(j;{'io"Z

PTYPS PR10OT Ascent Oxidizer Tank 0.07T

-

i
OoN \Ji

PTYPG PR11O Ascent Fuel Tank 0.048

3

PIYPY PROOL Descent Helium Reservoir 0.4x10™ -

bt
—

1.8 PTYPS PROOY Descent Oxidizer Tank 0.30
19 PTYP9O PROOK Descent Fuel Tenk 0.30

20 PTYPLO PRO22 Descent Oxidizer Valve 0.60

21 PTYPLL PROZ2L Descent Fuel Valve 0.60

\
—— S ‘ . =
22 PTYP22 PRO11 Descent Start Tank Helium Leak 9.0X10
23 PTYPL3 PRO13 Descent Helium Leak between Quad 11.25}(10"j
Check and Oxid. Tank
24 Pryp2l PROLS . Descent Helium lLeak between Quad h.25XlO_j
Valves and TFuel Tank
2

25 PTYP25 PROLT Descent Helium Lesk between the 5.3%X10
Regulators and Quad Check Valves

26 PTYP26 PROLO Ascent Helium Lezk between Quad 3. 3X10
Check Valves zad Oxid. Tank

IR . B ) =2

27 PTYP2T PROUL Ascent Helium Leak between Quad. 2.64%10
Check Valves and the Fuel Tank

28 PTYP28 PROL2 Ascent Helium Leank between the l,l6XlO*3

Regulators and Quad Check Valves

. ) . i \ -2

29 PTYP29 PROL3 Thrust Change due to Damper 6.4X10

PROLY
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Perce

’45 ]dUC

1‘4)1L .

INPUT
CODE

I ‘}L SCRI MAX.

DECIMAL VALUE
50 .

in./scc.

EC025 Cabin Rupture Leak

L8 FETYP2 ECOLS H_ O ASCTK #1 Leak
=

=
O
fo]

ETYP3 ECOL8 h ,0 ASCTK #2 Leak

50 FETYPY EC051 HPO DECS. TK Leak

51 FETYPS ECOSh OP ASCTK #1 Leak
52 FETYPG ECOST 0, ASCTK /2 Leak
=

3 FETYPT ECO60 0,, DESCENT TK Leak

> FETY P EC026 Suit Sublimator Rupture
. . \
. (Variable)

65 FETYE9 JROIOLTS PRI, HTS Relief Valve TFails
Open, Glycol Pump #1

66 FRTYP10 BCOLT PRT, HTS Relief Valve
fails Open, Glycol Pump #2

67 FETYPELL BCO52 Sec. HTL Glycol Leak
683 FETYPEL12 ECOOL DES. o? Tank Thermal Leak
69 TETYPEL3 BCOS50 H,0 DECS. TK. #2 Leak

70 FETYP1k ECO58 0, DESC. TK #2 leak

1.027

.0833
.0833
.1653
.0000056
.0000056

.00373
112

.021
.0036
167

.000346




8 & C

1.0

Output Gain 1.0

6 TV I JRIC
o¥ HTY}] Output Cain 1.0
] 1.+C




CIRCUIT BREAKER MALFUNCTION

—~_ Page 1 of 2
A7

CIRCUIT BREAKER MALFUNCTION .

The capability exists on the IMS to "POP" any one (1) of twenty-seven (27)
circuit breakers, listed on page 2, dependent upon the status of a given
boolean in any bank of A & B machine. The circuit breaker can be popped by

a control boolean in either the "1" or "0" condition dependent upon a type-
writer entry. The typewritten entry is made into one of eight variables
-whose name is CADDZXX or CADDXX, where XX signifies the computer and bank.
The Z signifies that if the control boolean is "O" the circuit breaker should
"pop." The lack of a "Z" signifies that if the control boolean is "1" the
circuit breaker should "pop!" The eight control variables are located in
common core.

The following is the procedure to use the circuit breaker malfunction
capability:

1. Select a circuit breaker you wish to pop from the C/B description sheet
(see page 2). .

2. Dial up the appropriate digiswitch*using the key on the right” side of
C/B descriptions sheet (page 2). The digiswitches are located on the
‘lower left hand side of the IOS main panel. The code for the digi-
switch numbers is X - Y where X signifies which digiswitch 1, 2, or 3
(left to right) and Y signifies which nmumber to dial up.

3. Decide which boolean and which state ("1" or "0") you wish to cause the
circuit breaker to pop. The address must be known.

4. Find the address of the CADDXX or CADDZXX variable for the appropriate
computer and bank.

5. Using the E typewriter routine place the address of the control boolean
into the variable CADDXX or CADDZXX. Three leading zeros will be required
when making your entry.

EXAMPLE: E AAAAABC : 000DDDDD
Where AAAAA - address of CADDXX on CADDZXX
B - computer (A or B)
e - bank (U or L)

DDDDD - address of control boolean
6. ENTER EPOl5 via the malfunction insertion unit.

T. When the appropriate state ("1" of "0") is reached by the control boolean
the selected circuit breaker will pop.

CAUTION: The variables CADDXX and CADDZXX are cleared only
by reset. If an address is left in one of these
variable address it will continue to control the
circuip breaker selected provided EPO1% is entered.

¥ "Circuit Breaker Malfunction"




C/B DESCRIPTIONS . A 2ot e Rl

* CTRCUIT BREAKER MALFUNCTION

v Z?wr”‘nge 2 of 2
GAEC : CIRCUIT BREAKER

LOCATION LINK C/B NUMBER DESCRIPTION
ANEL - ROW - COLUMN = BOOLEAN DBI faaded
11 1 2 - chkot LCB-169 143  AC Bus B He/PQGS Propul Disp 1-9 q
11 1 L chop 4CB-226 205 AC Bus B Ordesl 2-9
11 2 1 €370 L4CB-T2 124 RCS Sys A Main SOV -7
11 3 3 €398 LcB-238 614  Stab Cont AFA L 12 ;
11 3 9 C308 LCB-13 T2 Stab Cont Abort Stage 1-5
11 3 10 C379 ©  kLcB-81 130  Stab Cont ATCA PGNS. 1-L
&} 3 11 €338 LcB-Lo 102 Stab Cont AELD : 1-3
11 3 13 . - €357 LcB-59 114 Stab Cont Att Dir Cont 3-6
11 3 17 C37h 4CB-76 128  ED Logic PWR A 1-1
11 L 8 chi3 LeB-117 157 ECS Gly Pump #1 . 3-7
11 L 9 ch23 LeB-215 217 ECS Gly Pump Auto TRNFR 3-5
11 L 5 ch3h 4CB-138 174 Suit Fan No. 1 _ .34
11 L/H 6 €312 LcB-8 76  Descent ECA Control 2-3
11 L/H 8 €310 LcB-6 T4 Ascent ECA Control 2.7 F
‘16 L 15 €313 LCcB-9 TT  Descent ECA Control o 1=T
6 ) 13 c211 kep-7 75  Ascent ECA Control 1.6 ¢
Q6 1 14 chol LCB-103 - 146 Propul Disp/Eng OVRD Logic 2-8 {
16 1 15 €309  LCB-32 73 Propul PQGS . 3-4
16 2 5 €373 UCB-T5 127 D Iogic Pur B 2-6 3
16 2 6 €332 LcB-28 96  Stab Cont AEA 2-5 P
16 2 C377 LCB-79 216 Stab Cont ASA 3-3 i
16 2 9 €339 4CB-41  -103  Stab Cont AFID 1-8 !
16 2 10 €380 LcB-82 132 = Stab.Cont ATCA 3-2 g‘
16 2 11 307 4CB-2 TL  Stab Cont Abort Stage 2-1 §
16 2 12 chr2 4CB-230 195 Stab Cont -ATCA ACS 2-4
16 3 16 Ch16 - LCB-120 159 ECS Suit Fan P 3-9
16 4 1 chT7 LCB-222 201 Heaters RCS Sys A/B 2 Quad 1 3-8
*¥%* Digiswitch Wheel Number
l T};e_ three digiswitches are numbered 1, 2, and 3 from left to right. The second number -
following the dash is the digit dialed up on the digiswitch. o
&
i
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ster clear all counuters, mount UNITAPE or dump tape on any

Fill LDV at address specified on fill deck,

1, 4, and/or 6 on all computers as

desired for that computer.

£

s on all computers (right justified in register).

P: Address specified on fill deck.

A: Computer number (1=A, 2=B, 3=C, S=special MIT load option).

tarted

621

X3 Registers only on first computer

% : Desired startup locabion  '101 or '102 --. '100 is assumed

P
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=
=
-
t
=
o
oq
i
o
]
=
wmw
-

T
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CARD FORMATS
AND
ATTTAL CARD

The purpose
Cards. The
Number in USS

Formats for. LMS Header
re called the Deck Re

J
®
Q
o
o
+

1. DR's

#DL-T2T2 Houston DR's

.&:J-; \»__{/-.';% C i)”'.'

w 23

The following are for

Hous
2. MOD's

*#1,-100,199 (24)
®[,6-110,199

-
XJJ" ():(/

NOTE: If mod does not fit the 16 columns, omit the dashes and commas

as necessary.

ACTION MEMO's

W

\
#AM~6000

MOATE DO
AM-1327

. AVO's
¥AVO-321L
¥AVO-1012-N Where N further defines patch

KLUDGE 's

7

*K1L UDC“»YXX?

¥ I)}&,»-jl‘fA)}{
K

T. TEST Decks

. S
TEST-XXX,
/TEST-X XK

XXX = These numbers will be checked out from the Luu Kludge/DAS/Test .Deck

m

The next seguentia number w¢¢1 be used,

I

anber book,




Y ey 1 VYo
Header Card,....

4 B Page 2
o APEENDLY A

D(S)

SCR TR

Purpose: 1. Describe completely a Mcd/DR/AM/AVO patch deck (excluding
Kludges, decks, and Test Decl ks) set allowing Load Clerk
and Site Coordinator to check on completeness.

2. Once Link Accepted, requests that those patch decks specified
be placed on the correction files.

3. Following Link Acceptance and pleacement of ‘decks on correction
files serves as a data card for loading decks from correc tion
files.

.. Once NASA Accepted, requests that those decks spe cified be

moved Trom the correcltion files to the load files.

5. Following NASA Acceptance, serves as a data card for loading
-

NASA accepted decks from the correction files during NASA
training until moved to the load files.

6. Once on the lead files, signifies that the decks are ready for
‘ SCM update into the new lcm,d.

7. Serves as NASA's instrument for rejecting decks when REJEC
-

is vritten on the cerd and signed by the proper NASA uUbhOfity.

Format 1. Colums 1-16 is the Mod/DR/AVO/AY number. This must match at
N

a
least one header card in each patch deck listed.
2, Column 18 is NASA Accepted code: PUNCHED by Load Clerk

3., Columns 20-21 seguence number and total number (i.e. 12 &
22 would be a 2 card set).

L. Columns 23-80 are SCR numbers, each corresponding to one (1)
patch. All SCR numbers must be punched onto the card and
should be separated by commas




Header Card,.,.,

2l the corresponding Kludge/DAS/Test |
file

¢ Request Number. This must match
in the Kludge or DAS deck and must
alloved in a Test Deck

S

field. If applicable to a Mod/DR /AM/AVO,

number,
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AUTOLOAD/DUMP/VERIFY (ALDV)

@ Revision 0 (6-9-69) Operating Instructions

A, AutoLoad/Dump/Verify_combines the functions of AUTOLOAD and AUTODUMP
into one 15 card Hollerith fill deck. A paper tape is also available.

2

2.

10.

11.

Mount load tape on Drive 1 (must be ALDV format, i.e. 100 word records).

Master Clear A, B, & C.
Fill @ '77L00, Master Clear.
Index Register 1 Setting (A1l CPU's):

a. '0 is no reset is desired subsequent to loading or dumping;
b. Reset Number + '100, if reset is desired.

Index Register 2 Settings (All CPU's):

a. '0 for Load;
b. '1 for Dump.

Sense Switch 1 Setting (A1l CPU's):

a. Up to halt each machine (with all registers cleared) after loading,
dumping, or verifying.

b. Down to go to frecze (and reset if Index Register 1 so specifies)
after all loading or dumping is complete.

Sense Switch 2 Setting (All CPU's):

a. Up to Verify (overrides Index Register 2 Setting); -
b. Down to Load or Dump (per Index Register 2 Setting).'

Start A, B, & C in order @ '77L0O.

LOADED, DUMPED or VERIFY will be typed upon successful completion of
the option desired.

PARITY will be typed if the tape is bad. This will halt all loading
and should be followed by a complete restart beginning with U above.

If & VERIFY Error is detected, a halt will occur with Z Register bits

10-24 set ('7T7777). The word read from tape will appear in the B
Register and the corresponding word from core will appear in the A
Register. To ignore, press start; to correct core to agree with tape,
change the A Register to equal the B Register and press start.

NOTE: A Verify Error in Loading indicated failure of CPU or Memory, not,

DMA . .
NOTE: '7T7776 in X1 indicates upper bank, ‘77777 indicates lower bank.

=
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READ/WRITE/VERIFY

This utility progrem will write the contents of core on magnetic tape , verify
the contents of magnetic tape against core, or load a file from tape into core.
The operation performed is determined by the setup of the console.

A-Register = '"XOOYYYYY
B-Register = '000Z7Z7Z7Z7Z
Index 1 = '000FF
Index 2 = '0000T
Index 3 = '0000M

where X = 0 for start of a new file

X = 4 if one wishes to add to an existing file.
This option for adding new information to an existing file on.tape
should only be utilized when one is adding to the last file on tape.

YYYYY = starting address of core to be written on tape

27777 last address of core to be written on tape

FF = the number of files on tape to be skipped before this utility pro-
gram performs the READ,WRITE or VERIFY operation(OCTAL)

dL = 1 for TMU#1
3 for TMU#2

1

M = 1 for MTU#1 on any TMU
2 for MTU#2 on any TMU
WRITE:
1. Set up the A, B and Index Registers.
2. Bet the P-Register = 177220
3. Depress the START BUTTON twice.
READ:
1. Set up the Index Registers for the proper file and MTU. A and B registers
are zero.
2. Set the P-Register = 'T7221
3. Raise Sense Switch #1.
L. Depress the START button twice.
VERIFY:
1. ©Set up the Index Registers for the proper file and MTU. A and B registers
are zero.
2. Set the P-Register = '77221.
3. Make sure Sense Switch #1 is down.
4. Depress the START button twice.




el Read/Write/Verify

N 3y Page 2

The words ADDRESS, CORE and TAPE will be printed on the line printer. If the
contents of core and the corresponding word on tape do not agree, the program
will output on the line printer, the absolute address of the word, its contents
in core and the word on tape. Only those words which do not agree will be output.




Purpose:

PI7100, Mas Clear.
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s 2 < DECIMAL READOUT : ‘
aa]  maS : : : Sl T : |
To read the contents of a desired location in the

computer and display the contents in decimal or

qoctal format. . . : : g

‘a. SETTING OF MODE (1st) DIGIT SWITCH

The setting of the first (left-most) digit switch : 4
.selects the mode of operation. In modes 0, 1, 2,

and 3 the setting of the first digit switch also 3
tells the program the sign of the scallng of the

data word to be read out.

MODE O: Set the first switch to 0 to read out in i
decimal the most significant (approximately) 19 bits *
of a data word which has a plus scale factor. The §
sign of the data word will appear on the sign read- r i
out. (The scale factor digit sw1tches must be set i |
to the proper scale).

A

]
: |
MODE 1: Set the first switch to 1 to read out in ,
decimal the most significant (approximately) 19 bits E
of a data word which has a minus scale factor. The j
sign of the data word will appear on the sign read- 3
out. (The scale factor digit switches must be set i
to ‘the proper scale).

MODE 22 Set the first switch to 2 to read out in ?
decimal the least significant (approximately) 19 bits '
of a data word which has a plus scale factor. Net

effect will be like taking readout from MODE O above

and moving the decimal digits and the understood decimal
point two decimal places left, such that the two left-
most digits disappear off the left end of the readout
unit and the two least significant decimal digits of the
memory word appear in the right-most two positions of the
readout. Sign of the data word will appear on the sign
readout. (The scale factor digit switches must be set
to the proper scale).

MODE 3: Set the first switch to 3 to read out in
decimal the least significant (approximately) 19 bits

of a data word which has a minus scale factor. Net
effect will be like taking readout from MODE 1 above

and moving the decimal digits and the understood decimal
point two decimal places left, such that the two left-
most digits disappear off the left end of the readout
unit and the two least significant decimal digits of

the memory word appear in the right-most two positions
of the readout.




Decimal Readout

. IA Page 2

(The scale factor dlglt sw1tches must be set to

.\ the proper scale)

b.

MODE L4: Set first digit switch to 4 to read

the index register and OP code portion of an
instruction word on the left-most three positions
of the readout. If the indirect address bit is
set, a minus sign will appear on the sign readout.
(Scale factor digit switches have no meaning).

MODE 5: Set first digit switch to 5 to read the
address portion of an instruction word on the rlght-
most five positions of the readout. If the indirect
address bit is set, a minus sign will appear on the
sign readout. (Scale factor digit switches have no
meaning). » ‘

MODE 6: Set first digit switch to 6 to read out
in decimal the 19 least significant bits of a data
word as though that word were scaled at B23. The
sign of the data word will appear on the sign read-
out. (Scale factor digit switches have no meaning).

MODE T: Set first digit switch to 7 to read out

& Boolean quantity. The Boolean one or zero will
appear in the right-most position of the readout.

The left most five positions of the readout will
display zeros provided bits 2 through 23 of the

data word are all zeros. The sign of the data word
will appear on the sign readout and should be plus

for a Boolean quantity. (Scale factor digit switches
have no meaning). Note: This mode can also be used
to display in BCD those words which are in BCD format,
for example, DWOR output to the GMT display on the IS.

SETTINGS OF THE SCALE FACTOR (2nd & 3rd) DIGIT SWITCHES

Set the second and third dlglt switches to the magnitude

(in octal) of the scaling of the data word to be read out.

The program will interpret the scaling switches only in MODES
0, 1, 2, and 3. The switches may be left at any setting in
MODES L4, 5, 6, and T.

4 i C..

SETTING OF THE ADDRESS DIGIT>SWITCHES
(Right most five Switches)

Set into the fight—most five digit switches the address

(in octal) of the memory word to be read out.
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Setting of First 3 Switches vs Scaling
and Resultant Location of Decimal Readout

e e | 0000 0000O0O0OXX

I

Sevine, 115, 116, 113, 110 000 0000O000KX

J

e I e Tor o0 0000DO0OXX

Soemne: e 1027 Tk f.000000O%X

Setting. 103, 102, 101 - BO0OOOD0OXX

Scaling: +00, +01, +02, +03 E-] D E D ] D D \<\<
Setting: 000, 001, 002, 003 : o .

Setting. o4, 603, 006 . OO0 TRX

] o @00 0,000%X

[«

sexting: 410, 411, 112, 3 100000 0%
Setting: 012, 013, 01k, 015 : ~ o >\X

seins aesnas | BOOOOCOXX

emps et | @OOOOOOXX

TN 000000
Setting: 024, 025, 026, 027 , -_ \OX

. B 60" a1, oas - 100000%XX,

erting: - o5 oal_ 033 - aoodid jXX 09

Setting. 036, 631, olo, oha : 00000 0OXKe

e amezew | BOO0ODOO Elxx
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Sc;aling: +37, +38, +39 D D D UD D XX OOOO-

Setting: L5, 046, ObT |
Scaling: Lo, +41, +h2, +43 . ' P
Setting: 050, 051, 052, 053 | O 000 0 XX00000.

|

2




NUMERICAL READOUT

COMPUTER
\ SELECT MEMORY (.SCALE~~ ADDRESS ofF WORD.
* POWER A B BANK ~  giGN FACTOR' ' 1q pe READ L
OFF o}
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N 1 -
@ @ |ElnEErEnT:
@ @ AS0H]

OFF LOWER |

‘ lékb
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X—Y/X—T/EVENT RECORDERS

INDEX

1. Initialization Card Format for XY, XT Plotters and Event Recorders
(Octal Format).

2. Initialization Card Format for XY, XT Plotters and Event Recorders. !
(Decimal Format). '
3

3. Initialization Procedures for XY, XT Plotters and Event Recorders
and Special Procedures.

L. Zeroing of XY Recorders.

5. Offset and Expansion constants.




X-T/X-Y/Event Recorders
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(OCTAL FORMAT)

® 3 10 13 20 25 32 3536

INITIALIZATION CARD FORMAT . i
|
NNNDbD NNNNNN bb NNNNNNNN bbbb NNNNNNNN bbb NN

A B C D E F
For Event Recorders, only Columns 1-3 and 5-10 are. punched.
o ]

A. Columns 1-2: Channel Number in octal with leading zero where
necessary.
XT Recorders 01 - 208
XY Plotters 21 - 308
Event Recorders 31 - 5h8

Note: For X-Y Channel number vs. Arm/Pen & Recorder.
number see "X-Y Zeroing".

B. Column 3: Computer in which parameter is located.

Computer A
Computer B

Common Core

C. Columns 5-10: Absolute address of parameter to be plotted is punched
in Cols. 6-10. Upper core memory is designated by 1
in Col. 5 while lower core memory is designated by
zero in Col. 5.

D. Columns 13-20: Offset Constant, an octal word whose scaling is the
same as that of the parameter to be plotted.

E. Columns 25-32: . Expansion Constant, an octal word used in multiplication.

F. Columns 35-36: Scale Factor, the octal sum of the scaling of D and E
with leading zero if necessary.




X-Y/X~-T/Event Recorders

49 Page 3
INITIALIZATION CARD FORMAT
(DECIMAL FORMAT)
12 L4 6 11 13 ' 24 25 27
AAPBbDbCCCCCCOLbDDDDDDDDDDDDEEEHD
29 4o 41

FFFFFFFFFFFFGGG

A. Columns 1 - 2:
Channel number in decimal with leading zeros where necessary:
XT Reocrder 01 - 16
XY Plotters 17 - 24
Event Recorder 25 - 4L
Note: For X-Y Channel number vs. Arm/Pen & Recorder number See "X-Y Zeroing".

B. Column UL:

Computer where parameter is located:

1l = A Computer
2 = B Computer
3 = Common Core

C. Columns 6 - 11:
Absolute address (octal) of parameter to be plotted is punched in card
Columns 7 - 11. Upper core memory is designated by a 1 in Column 6 while
lower core is designated by a zero in Column 6.

D. Columns 13 - 2k:

Offset constant in decimal with trailing zeros; sign and decimal point and
10 digits. : '

E. Columns 25 - 2T:

Scaling of offset constant; sign and 2 digits. This scale factor must
be the same as that of the parameter to be plotted.

F. Columns 29 - LO:

Expansion constant in decimal with trailing zeros; sign and decimal point
and 10 digits.

G. Columns 41 - L43:

Scaling of expansion constant; sign and 2 digits. Note: the sum of the
scaling of the offset. constant and the expansion constant must be a positive
number. .




‘ X-Y/X-T/Event Recorder
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INITTALIZATION PROCEDURES

L Loading of Cards

A. The initialization deck consists of a header card as described
in the Unified Simulation System under LOADING PROCEDURES, up
to Ub initialization cards, a blank card, and an *END card.

B. The deck is loaded in the same fashion as all other card inputs
described in the Unified Simulation System.

2. Special features for the XY Plotters.

A. The XY Recorder Program has been modified to allow automatic
table output and taple output selection via typewritter. The
automatic feature will be in effect under normal circumstances
because the control boolean "NALINK" will be equal to "1" unless
chaﬁgﬁd. The typewriter mode is selected by setting "NALINK" equal
to 70",

B. The parameters of the output tables are explained in the IMS COMPLEX
Section of this manual under "Pre-Programmed Display Outputs'

. C. 1In the automatic mode, 1 of 2 tables will be selecteé depending upon
' the altitude of the vehicle. The descent table will be selected below
T0,000 feet altitude and the rendezvous table will be used above
70,000 feet. These tables are independent of vehicle configuration (i.e.
staged, unstaged, descent engine on, etc.).

D. In the typewriter mode the output table will be selected by changing
the value of "XYSET". Atwo (2) in "XYSET" causes use of the rendezvous
output table and a one (1) in "XYSET" causes use at the pre-landing out-
put table. "XYSET" is set to zero following a table selection. X-Y
Recorder cards may be read to overlay the output table when in the

typewriter mode, NALINK equal to "Q".
NOTE:

1. To output rendezvous (Table B) data at all times, do the fol-
lowing in the sequence shown:

a. Set "NALINK" equal to "O".
b. Set "XYSET" equal to "2".
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To output descent (Table A) data at all times, do the
following in the sequence shown:

a. Set "NALINK" equal to "O".
B. Set "XYSET" equal to "1".
To output in the automatic mode at all times do the following:

a. Set "NALINK" equal to "1".




(1)
(2)

(3)
(%)

(5)

X-Y/X-T/Event Recorder
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ZEROING . r JERE

e

Locate address of 'XYZERO' in Memory Map.

Change the value of 'XYZERO' from '00000000' to '00000001' via
typewriter. At this time the D/A output of all X-Y plotters will
be zero.

Set up X-Y Recorders at zero points.

Change the value of 'XYZERO' from '00000001' to '00000000' via
typewriter. At this time the D/A outputs at all X-Y plotters
are normal. ; .
'"XYZERO' will be located in an area of common core such that when

the IMS is reset it will be set to zero.

X-Y Channel Numbers vs. Arm/Pen and Recorder

D/A Address

Channel 17 62655 Arm 1 Recorder 1
Channel 18 52656 Arm 2 Recorder 1
Channel 19 62657 Pen 1 Recorder 1
Channel 20 62660 Pen 2 Recorder 1
Channel 21 62661 Arm 1 Recorder 2
Channel 22 62662 Arm 2 Recorder 2
Channel 23 62663 Pen 1 Recorder 2
Channel 2k 62664 Pen 2 Recorder 2
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Offset and Expansion Constants

In order to prepare the punched cards for initialization of the XY Plotters
and XT Recorders there are several things one must determine for each parameter
to be displayed:

(a) Absolute Address
(v) Scaling
(c) Range of the Parameter
(d) Offset Constant
(e) Expansion Constant
(f) Scale Factor

As an example, consider the parameter ABC scaled at B8. While the range may be
fram -256 to- +256, we may only be interested in those values from -4T to +209.

By limiting ourselves to this smaller range, we will be able to observe a greater
displacement of the Plotter/Recorder for a change in the parameter than if we had
used the maximum range of -256 to +256.

The Offset Constant is always the median of the limits of the range, that is,
halfway between the limits. In this example it would be 128B8. If we consider
the maximum DA output of 10 volts as 1BO (or '37774000), we have to multiply the
expected maximum value of 128 by 1/128 to get a product of 1. Thus our Expansion
Constant is 17128 in this exsmple.

Basically the XY,XT output program executes the following instructions:

LDA Parameter 3

SUB Offset Constant

TAB

MPY Expansion Constant

LLS Scale Factor Scale at BO

SKS '4 0400 ' Test for Overflow 4

ORA ='37T7T74L000 Set to Maximum E
- STA DA : -

In this example the Offset Constant is 128B8, the Expansion Constant is 1/128 B-6

('2000 0000). By adding the scaling of the Offset Constant and the Expansion Constant

in octal, one arrives at the Scale Factor of 02 which is necessary to achieve a

result scaled at BO. The SKS and ORA instructions provide the maximum value if

overflow occurs. For those guantities not needing to be offset, the Offset Constant

is zero (octal 00000000). For those not requiring  an Expansion Constant, it may be
"made equal to '3TTTT77T7 while the Scale Factor is set equal to zero.




By choosing a suitable Scale Factor and Expansion Constant some variations are
possible as the following examples will show.

If one wishes to plot. another :er

it X-Y/X-T/Event Recorder

_ 4«7 Page 8

. DA voltage, for example, a DA driving a meter, he has a choice.
Example A Example B
LDA DA LDA DA
SUB ZERO .0ffset Constant SUB ZERO
TAB TAB
MPY 'I7TTTTTTT Expansion Constant MPY = 1Bl
LLS 0 Scale Factor "LLS 1
SKS '40o400 SKS '40ok00
ORA ABSVAL ORA ABSVAL
STA DA Output STA DA Output

In Example A the Expansion Constant is effectively IBO, hence the product of

the multiplication does not need to be rescaled and the Scale Factor must be

zero. In Example B the DA (whose value is XBO) is multiplied by 1B1 ('20000000)
and the product is XBl; hence a Scale Factor or shift of 01 is necessary to rescale

the output at BO.
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PARAMETER DISPLAY

' I. Card Format for Pre~Mission Initialization

II.

10 11 1

B I 12

N N N, b, N)b S N N

YT
B C

The order in which the cards are read will correspond to the value of the
parameter display thumbwheel.

A. Columns 1-6:

B. Column 8:

C. Columns 10-12:

Loading of Cards;

The absolute address of the parameter to be
displayed (with leading zeros if necessary)
is punched in columns 2-6. If the parameter
is in upper core, 1 is punched in column 1.
If the parameter is in lower core, zero is
punched in column 1.

The computer in which the parameter is located
where 1 = Computer A

2 = Computer B

3 = Common Core

The scaling in octal of the parameter (with
leading zero if necessary). The sign must
be punched in Column 10. For BO one must
use +00.

A. The initialization deck consists of a header card as described in the
Unified Simulation System under "Loading Procedures", up to 50 1n1t1al—
ization cards, a blank card, and an *END card.

B. The deck is loaded in the same fashion as all other card inputs described
in the Unified Simulation System.
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field {c.c. 1€

comments.

Columns 1-8 Label -~ variable name for parameter cards, blank for control

Columns 10-13

wrnie

Columns 1626 Variable Field -

rate,

55, scaling, etce.

TYPES OF PAR

1. DEC - gpecific in decimal format.

‘ A. Label field - oplional - variable naame.
B. Control Mnemonic field - required - DEC.
\ M

C. Varigble ficld - order of control elements is insignificant (except

for address which must start in c.c. 21_6), but commas must separate

each control t and a blank termninates the field.

1) Address - required -~ 5 digit octal address of variable.

2) Bank - optional - L for Lower bank, U for Upper bank, if not
included, lower bank is assumed.

3) Scaling - optional - Bsnn where s is the sign (assumed positive
if omitted) and nn is a two digit decimal integer denoting the

scaling.

. 4) Print - 2 P must be included foi-the variable to be printed




factor - Inn, where nn.

oo
L d

7. FACTOL " FROM SIS

00 0.999999B0 No Change

01 3.281B2 Meters Feet

02 0.000539B-10 Meters Nautical Miles

03 3281812 Kilometers Feet
ol 0.539680 Kilometers Nautical Miles

.1B9 Meters/CSec Feet /Sec
205B2 Kilograms Pounds
.06854B.3 Kilograms Slugs
0.588 Kilograms/CSec Pounds/Sec
.854LB3 Kilograms/CSec Slugs/Sec
12 36089 Revolutions Degrees
13 36000816 Revolutions Degrees/Sec
1k 6.28383 Reveolutions Radisns
. 15 628. 3810 Revolutions/CSec Radians/Sec

- T - LA A S
16 0.000625B-10 625 u sec count Milliseconds

6) Precision - optional on C-Computer, not available for A or B
Computer - D for double-~precision, S for single-precision, if

not included single-precision (15 bits) is assumed.

N
B

@CT - specific data to be printed in octal format.

/

A, TLabel field - optional - variable name.

[oF

B. Control Mnemonic Field -~ required - @CT.
B

Variable Field - order of the control elements is insi

(@]

(except for address which must start in c.c. 16), but a comma must

separate each control element and a blank terminates the field.




as DEC, see l.c.l

2) Benk - same as DEC, see 1.c.2,

1. PDT - optional -~ specifies the data print rate (time increment between
output. If vsed, it must precede the first psrameter card. The time

variable field starts in c.c. 16 and is of the following format:

HH/MM/SS /T
Where HH - is an integer denoting hours
MM -~ is an integer denoting minutes

seconds

' TT -~ is an integer denoting 20's of ceconds

ALl time than the major time component present mus

be delimited.

Examples: Time Variable Field
1 second 1/

1 minute 1//
seconds 1/10

5
1.5 minutes 1/30/

2. ENDx - required ~ defines computer from which the preceding parameter

5
.
o
o

EOF ~ required - defines the physical end of initialization cards.

w
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zation de

consists of a (Link) header card as

.« .o . ‘3 . ~t ! in Y aan M Q ™ qmaes W
Unified Simulation System under "Toading Procedures",
an tion card deck as just described, and an ND card.
B. The loaded in the same fashion as all other card inputs described
i - b ed Bimulation System.

ST . T S g G Ve CYCITTO T » - X . . 1" T
. RIP may be initiated by SSW3 on A~Computer or by depressing the "RTPY

spril on the 1/8.

"OR_VARTE!

(1/10 second in powered flight; 1/minute in coasting flight)

et

1. ©See above 1., but use a NRT header card.

T may be initiated

uter or

spril on the 1I/S.

to use only one of these RTP procedures st a given time

1.7 3

and whencver going from one to the other it will be necessary to reinitialisz

Bl




PURPOSE :

RESTRICTIONS

INITIALIZATION:

Variable

IPUTT
IPUTZ
1V6
11J28
12428
13J28
IVPY
IMUT9

HLDZ2LS
EMAAPO
EMAPERI
EMARN
EMARNGRT
EMAALT

EMAALTRT

¢4/

DEP (DEDA ENTER PRINT)

s

ed or initialized outputs to be displayed
on command from the ABORT GUIDANCE
2sently two (2) conditions which command
fhis rw:wt an “ENT on the AGS DEDA, and the corn?“iior
Rendezvous Radar to AGS Update. Thl, mode has no effect
when it 13 xeﬂunrcu that there be normal RTP utilization.

allow pr

\71(1 Real Time Print
SYSTEM. There are p
y

2rogyan

The DEP and RTP ar ‘vnctiona?iy the same ...... Hence,
must be in print LOIu.ul but not both. The DEP is presently

the contr Ulz1nq function; however, selection of R.T.P. via

Sense Switch 3 on A-Computer or the IS RTP button causes

R.T.P. to be in prauf control. ”WIT“ *r T P Mode "RTP TP

PF FORM LOGICY" and “NASA VARIABLE PRIN r; LEGIC" 1is inhibited.

The DEP mode is presently preprogrammed to display 15 para-
mgtor values plus R.T.P, formatted Mission Time. As many as

howﬂx~}, may be displayed using the DEP INITIALIZATION
Ca“ds The following PARAMETERS are presently preprogrammed
for DEP Display:

Scale
Factor Definition
0CT DEDA Address Entered
B+23 DEDA Date Entered
B+15 MAG of INCRT in VEL REQ for TRI + SEL XFER ORB
B+15 X COMP of Manual Change in LM VEL
B+15 Y COMP of Manual Change in LM VEL
B+15 Z COMP of Manual Change in LM VEL
B+15 MAG of VEL Along LM Y-Axis after CDH or CSI
B+17 Radar Update Counter (XXOYY) XX=#RNG Updates,
| YY=RNG-RT Updates
B+8 Elevation Angle Between LM and CHS
B+14 EOM Apogee Minus AGS Calculated Apogee
B+14 EOM Perigee Minus AGS Calculated Perigee
B+14 EOM Range Minus AGS Calculated Range
B+15 EOM Range-Rate Minus AGS Calculated Range-Rate
B+23 EOM Altitude Minus AGS Calculated Altitude

B+15 EOM Altitude-Rate Minus AGS Calculated Altitude-Rat
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DESCRIPTTON

Any double~precision ngle-precision pars 'tcL from A-Upper , A-Lower
B-Upper, B-Lower, or Common Core may be recorded on magnetic tape in
~time and printed at a later time on the DDP-024 or 224. Control
read in order to initialize the on-line Data Recording programs
deck of control cards is used to initialize the off-line de-log
progran The initialization deck consists of a header card as described
in the Unified Simulation System under "Loading Procedures', all cards
£

b

or Computer A (up to 100 cards which must be grouped together), one
blank card, all cards for Computer B (up to 75 cards which must be

a2

grouped together), another blank card, and an *END card.

The LM3 Data Re ording Delog Program now has the capability of converting
parsmeters logged by the on-line computer from the unit logged to another
unit such as irom radians to degrees depending upon a conversion factor
which is placed on the initialization cards.

INTTTALIZATION PROCEDURE
A. Mount scratch tape on TMU #1, MIU #2.

B. Load the initislization deck in the same fashion as all other card

....... v TTe 2 a3 5 Yo s
L:v_t_u.xo described in the Unified Y LEM .

COMPUTER/CONSOLE CONTROLS

A. When the simpulator is in run and Sense Switch 3 of B machine or
the Data Record Switch at the I0OS is active, data will be recorded.
on tape at the specified rate. To stop recording, simply put Sense
Switch 3 down on reselt the Data Record switch at the I0S5.

B. At the end of the run, halt the complex. By starting B at '102
end responding to the typeout with a Y, an end-of-file will be
written on tape and it will be rewound. "The tape should now be
removed for Off-Line processing.

C. Mark TFlag

Pushing the switch labeled "MARK" will initiate action within the
program so that when RIP and/or Data Recording. are in process a

Mark Flag will Dbe recorded. Also, the light on the Instructor's
Console will be 1it while the flag is being recorded. Data Recording

prints *¥¥%¥¥% to the left on the time line as flagged by the las

word of recording buffer.
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IV. FORMAT FOR DATA RECORDING INITTIALIZATION CARDS:

A.

Format for Card 1 - The iteration rate for recording must be

specified along with either the A or B inputs. This card con-
tains table address "00000" in columns 1-5, R in col. 6, an
octal control integer in cols. T-1k specifying the rate, and

A in column 15.

Recording Rate

20 times/sec.
10 times/sec.
5 times/sec.
2.5 times/sec.
1.25 times/sec.
Once/sec.
Once/5 sec.
Once/10 sec.
Once/15 sec.
Once/30 sec.
Once/Min.

Format for Cards

Below is a table for the most common rates:

Control Integers

1

2

L

10
20
2l
144
310
L5k
1130
2260

2 thru N

Cols. 1-5
Col. 6
Cols. T7-9
Cols. 10-1k
Col. 15
Col. 16
Col. 17

Cols. 18-19

Cols. 21-28
Cols. 30-37
Col. 38
Cols. 39-L0
_Cols. 41-80

Table address in octal (00001-001hh8).
R

400 is parameter is in upper core.
000 if parameter is in lower core or common core.

Address of parameter to be recorded.
A
Spare

+ if scaling is positive
- if scaling is negative

Scaling of parameter in decimal.

 Symbol name (left justified)

Conversion factor in decimal with trailing zeros;
sign + decimal point +6 digits.

+ if scaling is positive
- if scaling is negative

Scaling of conversion factor

Comments




Scaling limits are + or -29°with the exception of two special
cases. It is possible to have a variable printed in octal or
a boolean printed as a O or a 1 by specifying the scaling as
+63 or -00 respectively.

C. Double Precision

Data Recording
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To
be

l'

Once data has been recorded on tape an end-of-file should be written on
tape by starting at 1168 in B-Lower. The only items needed for off-
line processing are the data recording tape, and the initialization

cards.

when the data is to be post-processed.

If the

be written on the log tape and the logging process will be continued
as soon as the reset has been completed.

record in Double Precision value, the following guidelines must
observed.

Place the digits O7 in the op-code field of the data recording
card. This informs both the recording and post-processor pro-
grams that it is handling a Double Precision value.

A Double Precision value recorded will occupy the table
address specified on the data recording card, and the next
sequential table address. Therefore the table address which
would sequentially follow that address specified must be
omitted, €geeeeecns

00001R00T36100A o6 Dyrme . P+.003100 02 “LFwosT

00003R00035250A -00 X +.001212 +02 Miles

These two items must be submitted with an Operations Request

computer is reset with A & B Log enabled an end-of-file will




GSSC RECORD/READ

The I/¢ control 5J stem provides the capability to either record GSSC INPUT
BUFFERS, or re: 1 a previously recorded tape to simulate GSSC INPUT.
When utilil program as es a tape is mounted on MTU #4. A1l

& . ) - "
Index Bcnl Sense Switch settings are from Computer "AV.

DATA RECORDING:

The GSSC Input Buffers will be recorded at a rate
of three (3) buffers every 600 milliseconds when
the following conditions are satisfied:

THTEGRATED MODE (IMS/GSSC or LMS/CMS/GSSC).
RUN or FRELZE

Record option selected abt gtart-up by setting
Index Register 2 to 00001.

L, SSW5 set

W N

Upon completion of RESET, an End of File is written on
the output tape to separate recording periods.

GSSC INPUT SIMULATION:

In lieu of actual GSEC inputs, a previously recorded
tape may be read in to simulate GSSC when the following
conditions are satisfied:

NON~INTEGRATED MODE (IMS ONLY or LMS/CMS)

RUN

. READ option selected at gtart-up by setting
Index Register 3 to 00001.

Lk, SSW5 set.,

w N+

Upon completion of RESET, the tape is advanced to the
next file of data, and the first record containing three
buffers is read in.

4r)




‘PRE-PROGRAMMED DATA OUTPUTS

A list of the parameters programmed for each device is enclosed. It must be
clearly understood that these parameters will be programmed on each load tape
that Link delivers to NASA. When other load tapes are made from the

basic or first load tape delivered by Link, the man making the new load tape
must not have read in other initialization cards or the new parameters
inserted via the initialization cards will replace these parameters.

The following parameters have been programmed for the XT Recorders:

RANGE
XT CHANNEL NO. SYMBOL RECORDED DESCRIPTION
01 ' AFXB 0 to + 10,000 +X BODY FORCE
02 HTHPG + ko PITCH TRIM GIMBAL
03 HPSPG + Lo ROLL TRIM GIMBAL
ok ARDNL, 0 to 24'/sec. EOM ALTITUDE RATE
05 | GROD ROD + TO - DISCRETES
06 HQAC + HARDSTOP PITCH ACA COMMAND
o7 HRAC + HARDSTOP ROLL ACA COMMAND
08 HPAC + HARDSTOP | YAW ACA COMMAND
09 GATHEC + 80 “PITCH ERROR - PGNS
10 IEY + 80 "PITCH ERROR - AGS
11 GAPSEC + 80 ROLL ERROR - PGNS
12 - IEZ + 80 ' ROLL ERROR - AGS
13 GAPHEC +_80 YAW ERROR - PGNS
1k X + 80 YAW ERROR - AGS
15 AUVOPMAG 0 - ko'/sec /OUT-OF-PLANE VELOCITY/

16 VYRELPLT 0 - 16,000 /OUT-OF-PLANE DISTANCE/
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The following parameters represent the standard pre-programmed X-Y

plotter outputs and are effective onl

been selected:
Channel No.

17

18

1G9

20

21

22

23

2L

The following options (A or B) overlay the standard ¥-Y table.
(address in memory map) =1 or 2 activates tables A or B respectively.

Symbol
VXRELHNM

VXRELHNM
VZRELHNM
VZRELHNM
VXRELH
VXRELH
VZRELH

VZRELH

Once one of these options
without re-loading.

XT Channel No.

Symbol

Tabel A (Descent)

17
18
19
20
21

22
23

2k

VHNLTEMP
GALTBIAS
ARDNL

VLONGPLT
VLONGPLT

VLONGPLT
VCROSPLT

VHNLTEMP

Range
Recorded

4500
4500
+250
+250
+100
+100
+100

+100

Range
Recorded

0 to +70,000
+2,000/+5,000
+300
0/+400,000
-5,000/+70,000

-25,000/+560,000
+25,000

0/+10,000

"RANGE-ALONG ORBIT AXIS (NAUT.

y if Option A or B have not previously

Description

MILES)
RANGE-VERTICAL AXIS (NAUT. MILES)
RANGE-ALONG ORBIT AXIS (NAUT. MILES)
RANGE-VERTICAL AXIS (NAUT. MILES)

Setting XYSET
Note:

is exercised, the above table cannot be recovered

Description

ALTITUDE (FT)
LUNAR TERRAIN WRT LANDING SITE (FT)

ALTITUDE RATE (FT/SEC)

RANGE WRT NOM. TRAJECTORY (FT)

*RANGE WRT NOM. TRAJECTORY (FT)

RANGE WRT NOM. TRAJECTORY - (FT)
CROSS RANGE WRT NOM. TRAJECTORY (FT)

ALTITUDE (FT)




XT Channel No.

Symbol

Table B (Rendezvous)

17
18
19
20
21
22
23
2k

PROTECTED

VARCDIST
PROTECTED

VRADDIFF

PROTECTED

VXRELH

PROTECTED

VZRELH

Range -
Recorded

+.500°

"+

1150

+300

+300

Pre-Programmed..,...
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Description

ORB:ZARC”DIST WTO CSM ' (NAUT.MI.)
RAD. VEC:'DIFF WTO CSM (NAUT.MI.)
RANGE ALONG ORBIT AXIS (NAUT. MILES)

RANGE-VERTICAL AXIS (NAUT. MILES)

The following parameters have been programmed for the EVENT RECORDERS:

Channel No.

25
26
27
28
29
30
31
32
33
3L
35
36

37

Symbol
H695

HT03
H69T
HT06
HT08
HT00
H701
HT10
H696
HTOL
HTO05
H698

HTOT

‘RCS THRUSTER NO.

Descrigtion
RCS THRUSTER NO. 1 (BLu)

RCS THRUSTER NO. 2 (ALD)

RCS THRUSTER NO. 3 (BLF)

=

RCS THRUSTER NO. (AL4R)

RCS THRUSTER NO. (A3U)

[© ANV |

RCS THRUSTER NO. 6 (B3D)

(B34)

@

RCS THRUSTER NO. 8 (A3R)

'RCS THRUSTER NO. 9 (B2U)

RCS THRUSTER NO. 10 (A2D)

'RCS THRUSTER NO. 11 (A2A)

RCS THRUSTER NO. 12 (B2L)

RCS THRUSTER No. 13 (AlU)
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Chanr - I Sxmbol ' : Description

E£59 3 - 1RCS THRUSTER NO. 1% (BI1D)
; ET09 ' RCS THRUSTER NO. 15 (A1F)
- 4o _ RCS THRUSTER NO. 16 (B1L)
¥M011 : T0S MARK DISCRETE!

The E :ver Dizx ..y Initialization Routine has been programmed to display

the = ‘ing var:i.-les when the corresponding number is dialed:

Parar. Jo. Svrbol Description 1
833 VARHOLS | RANGE IM TO CSM (LESS THAN 128,000 FT)
0z ARODLS RANGE .RATE, FT/SEC.

03 ARHON RANGE, NAUTICAL MILES

04 \UHP1 IM PERIGEE, N. MI.

0 AUEAL LM APOGEE, N. MI.

Cc AULAT IM LATITUDE

G GEDELE | ELEVATION ANGLE BETWEEN LOS & X AXIS
cs TFPC PITCH ANGLE FOR S-BAND ANTENNA

0 AUTTRM PITCH CG IN TRIM GIMBAL COORDINATES
1 AUWIM WEIGHT OF LM ONLY

il VHEILTEMP ALTITUDE ABOVE L.S.

1z ARZIL S— " ALTITUDE RATE, FT/SEC.

1z SPARE

i~ AUm? ~ CSM PERIGEE, N. MI.

15 AUEA " CSM APOGEE, N. MI.

16 AULCN LM LONGITUDE

17 GEDELA - AZIMUTH ANGLE BETWEEN LOS & X AXIS
18 TYPC . YAW ANGLE FOR S-BAND ANTENNA

12 ‘ AURTRM - ROLL CB IN TRIM GIMBAL COORDINATES
20 Awviom WEIGHT OF CSM

2l : AUFCL IM LOC. HORIZ. ROLL, DEG.

27 AUPIT IM LOC. HORIZ. PITCH, DEG.

23 AUY AW IM LOC. HORIZ. YAW. DEG.

z AUATL _ M ANGULAR VELOCITY, DEG/MIN

2 UWl - LM ARG. OF PERIGEE, DEG.

2r AUNTL LM TRUE ANOMALY, DEG.

2 AUIL " LM INCLINATION, DEG.




) Parameter No.

Symbol

28

29
30
31
32
33
- 3k
35
36
37
38

39
Lo
L1
L2
43
Ly
L5
L6
LT
L8
k9
50

TCSSBD

AUPERT
AUGAM
AUCMGA
AUCIGA
AUCOGA
AUAV
AUW
AUNU
AUl
TCSSBL

AUPER
AUVOP
VXRELHNM
VYRELHNM
VZRELHNM
PWOAU s
PWFAU
GECTL
RWFA
RWFB
RWOA
RWOB

Pre-Programmed
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Description

COS OF CENTRAL ANGLE BETWEEN
EARTH /MOON ’

IM ORBIT PERIOD

IM TO CSM CENTRAL ANGLE, DEG.
CSM MIDDLE GIMBAL ANGLE

CSM INNER GIMBAL ANGLE

CSM OUTER GIMBAL ANGLE

CSM ANGULAR VELOCITY, DEG/MIN
CSM ARG. OF PERIGEE, DEG.

CSM TRUE ANOMALY, DEG.

CSM INCLINATION, DEG.

IM SIN OF LIMIT ANGLE BETWEEN MOON/
IM VECTOR

CSM ORBIT PERIOD, MIN.

IM OUT-OF-CSM-PLAN VEL, FT/SEC.
RANGE-ALONG ORBIT AXIS

OUT OF ORBIT PLANE DISTANCE
RANGE-VERTICAL AXIS

ASCENT OXIDIZER WEIGHT MINUS UNUSEABLES
ASC FUEL WEIGHT MINUS UNUSEABLES
ANGLE BETWEEN LOS AND TRACKING LINE
QTY. OF FUEL IN RCS-A FUEL TANK

QTY. OF FUEL IN RCS-B FUEL TANK
QTY. OF OXIDIZER IN RCS-A OXID. TANK
QTY. OF OXIDIZER IN RCS-B OXID. TANK

The pre-programming of these parameters does not prevent anyone else from using

these devices for other parameters or variables.

It merely means that no

initialization cards are required for these parameters. If you have need of
other parameters on the XY Recorders, XY Plotters, Parameter Display and/or
Event Recorders, the LMS software still has the capability of being initialized
by card input. The format of these cards has not changed.
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ADDX, SUBX ,MPYX,DIVX

Purpose:

To Pperform arithmetic operations on double-precision, fixed—pointAbina;y quantities
giving double-precision, fixed-point binary results.

Argument :

Enter with the double-precision operand in the A and B Registers. The parameter
word immediately following the call command consists of the pseudo-operator, PZE,
and the address of the high-order portion of the double-length operand (augend,
subtrahend, multiplier, or divisor). It is assumed that the address of the low-
order portion is one greater than the address of the high order portion.

Calling Sequence

LDA GUMENT

LDB ARGUMENT +1

CALL ADDX OR, SUBY OR MPYX OR DIVX

PZE ADDRESS OF HIGH-ORDER PORTION OF (AUGEND, SUBTRAHEND, MULTIPLIER,
OR DIVISOR). *(ADDRESS CANNOT BE INDEXED.)

STA RESULT

STB RESULT +1

Result:

-

The result of the operation is a double-precision fixed-point binary number.

Scaling:

ENTRY POINT SF OF RESULT

ADDX SAME AS INPUTS

SUBX SAME AS INPUTS

MPYX SF=SF(ARG)&SF(ARG2)
DIVX SF=SF(ARG) -SF(ARG2)

Error Return:

None

For ADDX or SUBX, if overflow occurs both registers will be loaded with '3TTTTTTT.
Control will be returned to the calling program with the overflow flop set.

For DIVX, if an improper divide condition exists, the operation will not be attempted
and the improper divide flop will be set.

Core Requirements:

253 Octal Locations

Timing:
Time . R B
Min. Max.
ADDX 68.39
SUBX 68.39
DIVX 205.17 220.4

MPYX 91.2
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ARCTRIGV

Purpose:
To compute an angle in radians given its sine and cosine.
Arguments:

The sine of the angle in the A-Register scaled at a Bl. The cosine in the B-
Register scaled at a Bl. ’

Calling Segquence:

LDA SINE Bl
LDB COSINE Bl
CALL ARCTRIGV
STA ANGLE B3
Result:

The output of ARCTRIGV is a single-precision angle expressed in radians in the
A-Register. The output is in an interval of (0,2%7).

Scaling:
The result is scaled at a B3.
Error Return:
None
Core Requirements:
141 Octal Locations
Timing: “
Time

Min. Pﬁq:(.
ARCTRIGV ikh. L 16L4.08
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ASNX, ACSX

Purpose

To compute the arc sine or arc cosine of a single-precision, fixed-point
binary quantity.

Arguments

The operand is in the A-Register. The scale factor of the operand is in the
B-Register scaled at B23.

Calling Sequence

LDA ARG
LDB Scaling

CALTL ASNX (or ACSX)
JOF ERROR

Result

The result of the operation is a single-precision fixed-point binary
number expressed in radians in the A-Register.

Scaling

The result is scaled at B2.

Error Return

If the absolute value of the input is greater than 1, the operation will
not be attempted, the overflow flop will be set, and control will be
returnaed to the calling program.

Core Requirements

123 octal locations.

Timing Time
Min. Max.
1. ASNX 6.84 328.50

2. ACSX 20.52 349.02
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ATNX

Purpose:
To compute the arc tangent of a single-precision, fixed point binary number.
Arguments

The operand is in the A-Register. The scale factor of the input is in the
B-Register scaled at a B23.

~ Calling Sequence:

LDA ARG

LDB - Scaling
CALL ATNX

STA Result Bl
Result:

The result is a single-precision, fixed point binary number expressed in radians
in the A-Register.

Scaling:

The result is scaled at a Bl.
Error Return:

None

Core Requirements:

103 Octal Locat%?hs

Timing:

Time
Min. Max.

- ATNX 197.6 228.0
I=20 15.2
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LG10OX

Purposé:
To compute the logarithm of any fixed-point single-precision number to base 10.
Arguments:

The input parameter goes in the A-Register. The scaling for this parameter goes
in the B-Register.

Calling Sequence:

AN
LDA ARG N
LDB SCALING ~ B23
CALL LG10X
STB NEW SCALING
STA RESULT
Result:

The result of LGlOX is a single—precision number.

Scaling:

The scaling of the output is in the B-Register.

Error Return:

None

For LG1OX, if the base is zero or negative, the overflow flop will be set and

normal return taken.

Core Requirments:—

Timing:

Time
Min. Max.

LG10X
ARG = T, - 220.3
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MATRIXMU

‘ A. Purpose -(1) to multiply a 3 X 3 single-precision, fixed-point matrix times
: a 3 X 3 single-precision, fixed-point matrix (2) to multiply a 3 X 3 single-
precision, fixed-point matrix times a fixed point, single-precision vector
of length three.

B. Arguments - All elements of a matrix must have a scaling of Bl or greater
and have the same scaling. All components of vector must have the same
- scaling. The resultant of any multiplication using MATRIXMU will have

a scaling of one less than the sum of the scalings of the multiplicand
and the multiplier.

C. Calling Sequence for a Matrix Times a Matrix: [C] = [A][B]
(l) If all matrices are stored row-wise:

LDX Bll,1 (Bll is lst element of 2nd matrix)

LDX All,2. (All is 1st element of lst matrix)

LDX (11,3 (Cll is 1lst element of resultant matrix)
CALL MATRIXMU

(2) If all matrices are stored column-wise:

LDX All,1 (A1l is 1lst element of lst matrix)

ILDX Bl1l,2 (Bll is 1lst element of 2nd matrix)
‘ LDX C11,3 (Cl1l is 1st element of resultant matrix)

CALL MATRIXMU

D. Calling Sequence for a Matrix Times a Vector: [c] = [A][B]
¥(1) If matrix is stored row-wise:

ILDX A11,1  (All is lst element of matrix)

LDX Bll,2 (Bll is lst component of vector)

LDX C€11,3 (Cll is 1st component of resultant vector)
CALL MATXRVEC

¥(2) If matrix is stored column-wise:

LDX A11,1 (A1l is lst element of matrix)

LDX Bll1l,2 (Bll is 1lst component of vector)

LDX C11,3 (Cl11 is 1st component of resultant vector)
CALL MATXCVEC '

E. Error return - none.

F. Restrictions - MATRIXMU uses all of the index registers; therefore, if one
@ calls MATRIXMU within an index loop, one should store the contents of the
index registers before calling MATRIXMU.
‘ ¥These may be used for matrix multiplications when the matrices are not all

stored column-wise or the matrices are not all stored row-wise.

matrix X matrix
matrix X vector

G. Core Requirements: '260 H. Timing: 512 usecs
180 usecs
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MPYSXD

Purpose:

To multiply a single-precision fixed-point binary parameter by a double-precision
fixed point binary parameter.

Arguments:
High order word of double-precision 6perand in A-Register. Low order word of DP
operand in B-Register. Address of single-precision operand is in the address

portion of the "PZE" word following the call statement.

Calling Sequence:

LDA ARG

LDB ARG&1

CALL MPYSXD

PZE ADDRESS OF ARG2 SINGLE PRECISION
STA RESULT ’

Result:

The result is a single-precision fixed-point binary quantify.

Scaling:

The scale factor of the result is the sum of the scale factors of the inputs.
Error Return:

None

Core Requirements:

27 Octal Locatioﬁs

Timing:

Time
Min. Max.

MPYSXD “75.99




Purpose

1. To compute the sine and cosine of a given angle in reduced (1k
bits) precision for driving hardware.

Argument
1. DInter the angle in radians into the A-Register

Calling Seguence

1. LDA ARGUMENT B3, angle in radius
2. CALL  SINCOSDA

3. STA SINRESULT BO, sin

4. STB COSRESULT BO, cos

Result

1. The sine of the given angle is stored in the A-Register and the cosine
of the angle is stored in the B-Register.

Scaling

1. Input argument must be scaled at B3. The resulting sine and cosine
are scaled at BO.

Error Return
1. None —
Core Requiféments
1. 173 Octal Locations
Timing
Time

SINCOSDA 112.10 121.60
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SINX,COSX,TANX

Purpose:

To compute sine, cosine, or tangent of a single-precision fixed-point binary
quantity in radians.

Arguments:

Angle expressed in radians in the A-Register. Scale factor of input in the
B-Register at a B23.

Calling Sequence:
AN

LDA ARG
LDB SCALING
CALL SINX (OR COSX OR TANX)
STA RESULT Bl
D. Result:

The result is a single-precision fixed-point number in the A-Register.

E. Scaling:

The output for SINX and COSX is scaled at a Bl, the scale factor for the output
of TANX is in the B-Register scaled at a B23. v

M CR A P TN

F. Error Return:

5 None

i : ¢
G. Core Requirements:

:ﬁ 14Y Octal Locations

H. Timing:
Time
Min. Max.
SINX 167.18
COSX ' 167.18
TANX ho2.77 L33.2
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E A, Purpose:
|

| To compute the square root of a double-precision, fixed-point binary gquantity.
} B. Argument:

|

\

|

- Input =~ most significant part of the double-precision quantity must be in
A-Register, least significant part in B-Register.

C. Calling Sequences:

LDA ARG MSP
LDB ARG + 1 ISP
| CALL SQDFIX
i JOF Error '
| STA Result MSP
| STB Result + 1  MSP
" D. Result:

Most significant part of the double-precision quantity is stored in the
A-Register, least significant part in B-Register.

ﬂ E. Scaling:

Scaling of input should be even. The result will then be stored at one
half the original scaling.

G. Core Requirements:

122 Octal locations

H. Timing:
Time
Min. Max.,
: SQDFIX 281.2 303.99
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SQRR,SQRZ

Purpose:

SQRR computes the square root of a single-precision fixed~point number.
SQRZ computes the square root of the 23 most significant bits of a number in the
A and B-Registers.

Arguments:

For SQRR, the operand is in the A-Register. For SQRZ, the high order portion of
the operand is in the A-Register, the low order portion is in the B-Register.
N P

Calling Sequence:

LDA ARG

(LDB ARG&1 FOR SQRZ)
CALL SQRR (OR SQRZ )
JMP ERROR

STA RESULT

Result:

The output of the subroutine is a single-precision fixed-~point number in the
A-Register. :

Scaling:

The scale factor of the result will be one half the SF of the input. If the input
SF was not even, the output will not be valid.

v
Error Return:

If the input is negative (unless it is =-0), the error return will be taken.

Core Requirements:

T5 Octal Locations

Timing:
Time
SQRR 159.6  182.37
ARG = - 22.8
ARG = 0 53.2
SQRZ 167.18 189.97
ARG = ~ 22.8
ARG = 0

30.4




C.

F.

sLl

SQRX.

PURPOSE:

To compute the square root of a single-precision, fixed point binary
quantity. .

CALLING SEQUENCE:

LDA ARG

LDB N

CALL SQRX N = Scaling of input argument
STA RESULT

RESULTS:

SQRX returns a single-precision, fixed point binary quantity located
in the A-Register with the positive or negative scale factor located
in the B-Register.

RETURN ARGUMENT SCALING:
The scale factor of the return argument will always be in the B-Register.

L For arguments scaled greater than Bl, the following statements will
always be valid:
a, If the input argument is scaled at B2 or some multiple of 2,
the result will be scaled at one-half the input scaling.

b. If the input argument is scaled at Bl, the result will be
scaled at Bl.

c. If the input argument is scaled at B3 or larger odd scale factor,
the result will be scaled at one less than the input scaling.

ERROR RETURN:
None
If the input argument is zero, SQRX will immediately return with a zero

result. If the input arguemtn is negative, SQRX will force the argument
positive and proceed normally.
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XBXD

‘ A. Purpose:

To convert a double-precision fixed-point number to BCD data for output.

B. Arguments:
The high order word of the data to be converted goes in the A-Register. The
B-Register holds the low order word if the input is DP, otherwise it is zero.

There is a 3-word parameter list following the call statement as follows:

- 1. The first word holds the scale factor preceded by a minus sign. If the
SF is negative, use the two's complement of the scale factor.

2. The second word holds the address of the first location into which XBXD will
store the converted data.

3. The third word gives the structural information about the data to be
converted.

The format of the word is 'FSSLL' where:

F IS 0 IF NO SIGN, NO DEC. PT

1 NO SIGN, DEC. PT

2 IF SIGN, NO DEC. PT

‘ ) 3 SIGN, DEC. PT
SS NUMBER OF DECIMAL DIGITS TO LEFT

OF DECIMAL PT
ss = (3SF/10) +1

LL TOTAL NUMBER OF CHARACTERS IN ANSWER .
INCLUDING THE SIGN AND DECIMAL POINT-IF )
REQUESTED.
MAXINMUM OF '20.

C. Calling Sequence:

LDA ARG
LDB ARGE&L
CALL XBXD
OCT —%¥% SCALE FACTOR (WITH SIGN BIT SET)
MZE *% STARTING ADDR
MZE *#® FSSLL
JMP ERRRETURN
D. Result:

The output of XBDX is decimal data stored left-justified into sequential
locations specified by parameter word 2.

& E. Scaling:
The decimal data is scaled as specified by the scaling program.




e

F. Error Return:

Inqonsistencies - such as an improper format parameter will terminate conversion
and the subroutine will take the error return path. The result of the conversion
will not be valid.

G¢. Core Requirements:

503 Octal locations.
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XDXB

Purpose:

To convert decimal data into a double-precision fixed-point number.

Arguments:

The A-Register has the address of the starting location of the block holding
the decimal data. This data must be numeric with 2 exceptions - the decimal
point and the sign. The B-Register holds the number of characters in the
block (digits plus sign and decimal point). The location following the

call statement provides the scaling for XDXB.

Calling Sequence:

LDA SCALING B23

STA N1

LDA WT . -

LDB NUMB NUMBER OF CHARACTERS
CALL XDXB

¥ X% P33

STA RESULT

STB RESULT &1

Result:

The result is &asigned (ifsign was included in input) double precision number
in the A and B-Registers. '

Scaling: \ . €

The output is scaled according to the scale factor inputted to XDXB.

Error Return:

None

If an invalid character is inputted to XDXB, the conversion is not completed
and the results are not valid.

The overflow flop is usually set by XDXB. This does not indicate an error.

Core Requirement:

205 Octal locations
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DATE ~ 10-12-70
- _

SINGER-GENERAL PRECISION, INC.
LINK DIVISION

PAGE NO. ,1

REV,

REP. NO.

G B INGHAMTON, NEW YORK

: Fx | A

-
.

.

The following changes have been made to IMS-DS-001 Rev. F

“te update it to the Rev. G configuration.

1) Delete H-2A Mission Keset Points.
j2) Add A1l (H3) Mission Reset Points.

'

~: ol |
i 4 !
. :
P
A
=
” § ,
2 . :
= :
: ;
- &
! L3 N
.
eSS

B T T P . R T g S UNNE. T . PRI G e C oy 7 | Rl (P LW N NSRRI Se D SECR S W




. 5ATEr 10-12--70 - SINGER-GENERAL PRECISION, INC. - : PAGE NO. 2
) LINK DIVISION . . -
REV. G BINGHAMTON, NEW YORK ~] REP. NO.
. T A3
! 3 : .
/ s _ APOLLO 1k (H3) MISsioNn

Apollo 1k, AS-509/CSM-110/1M-8 is a lunar landing mission to be
launched January 31, 1971 at 1420 (2:20 PM) CST,

Ref: 1) Apollo 1k Draft Flight Plan prepared by Apollo
’ Flight Planning Section of Flight Planning Branch
: : of Flight Crew Support Division, 23 September 1970.

2) Apollo 1k (H3) Mission Operational Trajectory
Simulator Data Package, Memo TO-FM13-3L48,
21 September 1970.

RESET : '
NUMBER GET MISSTON PHASE
1 - 81:38:00 IM is docked and cold, 1 hr 1L sec prior to IL¢I
: burn at 82:38:14 of 6 min. 6.6 sec. duration.
3 - 86:37:00 . IM is docked and cold, 19 min 58 sec. prior to
B - ‘ CSM DPI burn at 86:56:58 of 21.h4 sec. duration.
5 © 101:58:00 IM is docked and cold, end of rest’ period,
start of activation checklist.
7 ' 104:08:00 IM is docked and powered up 19 min 31 sec prior
" to.undocking and separation at 10L:27:31. '
11 ' -~ 105:27:00 IM is undocked, AGS initializedi landing site
- photographed, R/R checked-out, IMU aligned to
landing site REFSMMAT, LPD calibrated and
avaiting CSM circularization burn at 105:L46:48.
1y _ 106:42:00 " IM undocked, AGS has been aligned to PGNS and
) calibrated, systems check verformed, DPS
_ pressurized and checked-out; L/R checked-out,
Hoom' a : AGS state vectors initialized and awaiting PDI
“burn at 108:L42:01.

15 108:22:00 IM undocked, IMU re-aligned to landing site
REFSMMAT, maneuvered to PDI burn atlitude, systems
check performed and 20 min 1 sec to PDI burn at
108:42:01 of 11 min 58 sec duration. !

16 108:37:00 M ﬁndockcd, L/R on and 5 min 1 sec from PDI

burn at 108:42:01 of 11 min 58 sec duration.
i,

kR




DATE 10-12-T0 SINGER-GENERAL PRECISION, INC. . PAGE NO. ,3
o v ia ‘ LINK DIVISION

REV. G BINGHAMTON, NEW YORK REP. NO.

f

_/ RESET ¥ o : ; | :
NUMBER GCET - ; MISSTON PHASE 4

20 110:24:00 IM on lunar surface, ascent batteries off, IMU
_ : aligned to landing site, AGS-aligned to PGNS,
) - . partial power down accomplished and beginning
o of eat period. LM has been on surface 1 hr
-30 min 27 sec.

2k . 139:5k4:00 -IM on lunar surface, second EVA complete,
g beginning of eat period and awaiting Lunar lift-
off at 142:24:29.2. IM has been on surface
31 hours 0O min 27 sec.

26 1k2:04:00 ) IM on lunar surface, R/R checked-out, AGS
' ready for ascent, DPS vented, APS pressurized
20 min 29.2 sec from Lunar lift-off at
1h2:24:29.2,

; 27 - 1k2:ik:oo . LM on lunar surface, 10 min 29.2 sec from the
: , ‘ . lunar lift-off burn at 1L42:24:29.2 of 7 min
A 10.7 sec duration.

30. 142:33:00 IM is-staged and in ILunar orbit 1 min 20 sec
after Ascent burn cut-off. APS is off,
preparation for TWEAX burn at 142:3L4:40 or

~ BAILOUT burn at 1k2:36:40 if necessary.

Lo ' 142:50:00 LM staged and in lunar orbit prepared for TPI
TS : burr in 19 min 40 sec of 4 sec duration resulting
in a 61.0 X b4.6 nmi orbit.’ ~
. ; : ; & .
b2 143:11:00 -, LM staged and in Lunar orbit 1 min 20 sec past
TPI burr and 18 min 40 sec from MCC-1 burn.
- ‘ " Docking at 1L44-10:00.

~

L5 14h:11:00 IM docked in lunar orbit preparing for transfer to
: ' CSM. : :
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PROPULSION - ASCENT (PROP)

PROPULSION ~ DESCENT - ENGINE (PROP)

PROPULSION - DESCENT - ASCENT INTEGRATION (PROP)

LMS~CMS-MCC INTERFACE
LMS-CHS-MCC INTERFACE

LMS TO MCC DATA TRANSFER

PSEUDO RANDOM NUMBER GENERATOR FOR @63

REACTION CONTROL -~ THRUSTERS - HIGH RATE (RCS)

REACTION CONTROL - VALVE STATUS DISCRETES (RCS)

REACTION CONTROL - THRUSTERS (RCS)

REACTION CONTROL - PROPELLANT MANIFOLD (RCS)
REACTION CONTROL - RELIEF VALVE AND PROPELLANT TANK RATE (RCS)

REACTION CONTROL (RCS)
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R85

SDRIVE

TO7XE?
TO7xe3
T07xal

TBLAED
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[86de?
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TITLE
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REACTION CONTROL (RCS)

RESETS

CYECUTED 20/SEC AT THE BEGINNING OF EACH FRAME
REACTION CONTROL INTERPOLATION

COMMUNICATION AND INSTRUMENTATION - UPDATA LINK

MULATOR MASTER TIMING

A LOWER

j

e’
m

b=

o

i_
\
1

MASTER CONTR B LOWER

[ )

P

')

—
L]

)

24,

MASTER CONTROL - A UF

‘”J

MASTER CONT!

=)

=

S
1

B UPPER

LGC DOWN LINK MONITOR
T/M MEASUREMENTS AND CONSOLE - B LOWER
T/M MEASUREMENTS AND CONSOLE - A LOWER

COMMUNICATION AND INSTRUMENTATION - S - BAND COMM“NICATIOQ

CAPABILITY AND SLEW

COMMUNICATION AND INSTRUMENTATION - VHF COMMUNICATION
CAPABILITY

COMMUNICATION AND INSTRUMENTATION - POWER AND SWITCHING LOGIC




VEQUCNTL
VA5AR0

V45ART
VAR zh?

(e

VA5BED

V45CC0
V45CX0

V45Deo
V45de0

V45DX0

VALER]
V45eh2
V45ebh3

VASEXD
VA5FBO
V45FB1

VA5FCO

VA5FCI
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ISUAL DRIVER AT 20 CPS
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VISUAL -

CELESTIAL
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[Tt

VISUAL
DEIVE

~ EARTH
SIGNALS

JLUNAR OC

CULT

ATION

. - EARTH/LUNAR OCCULTATION MASK DI

VISUAL - PROJECTOR

SUN IMAGE

VISUAL - SUN IMAGE PROJECTOR

VISUAL - MISSTION EFFECTS PROJECTOR (MEP

VISUAL - MISSION EFFECTS PROJECTOR (MEP

UAL - MEP EARTH ORBIT FILM FRAME IN

\TOR

LANDING/ASCERNT IMAGE GENERA

VISUAL - RENDEZVOUS AND DOCKING (R&D)

VISUAL ~ RENDEZVOUS AND LOCKING (R&D)

VISUAL - CALCU! CSM POSITION IN

HIGH PRIORITY

ATION OF

VISUAL - RENDEZVOUS AND DOCKING (R&D)

VISUAL - GENER
FOR ln~0Ul

PLOTS

NATES OF LM IN

- RENDEZVOUS AND DOCKING

(R&D)

e v

TRANSLATIONAL

AMETER DRIV

)

)

ITIALTZATI

LM BODY FR IN

CMS "H" FRAME
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WOTXA1

WO
WOTXA?
WO X2
0T %23
O XX3
WOTXA4
WO X4

W28DADO /x .

lcr.’lil

YC2DBO

YO2DX1
YO2dx3
YO2dx5

Y0ZDy2
”"\/ r‘f\’/f.
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VISUAL ~ RENDEZVOUS AND DOCKING (R&D)

SYSTEM - RFAL TIME EXECUTIVE - A LOWER

EXECUTIVE

EXECUTIVE SYSTEM - DRIVER - A LOWER

EXECUTIVE SYSTEM - REAL

jow]

TIME EXEUCTIVE - B LOWER

EXECUTIVE SYSTEM - "ffif - B LOWER

EXECUTIVE SYSTEM - REAL TIME EXECUTIVE - A UPPER

EXECUTIVE SYSTEM - DRIVER - A UPPER

EXECUTIVE SYSTEM - REAL TIME EXECUTIVE - B UPPER
EXECUTIVE SYSTEM - DRIVER - B UPPER
REAL TINME PRINT

GSSC INTERFACE ON-LINE
PLAY BACK

1/0 - 1I/F BUFFER EXTRACTION - OR -

B COMPUTER DATA RECORDING

A COMPUTER DATA RECORDING

ON-LINE INPUT/OUTPUT A LOWER

OR-LINE INPUT/OUTPUT - B LOWER

ON~LINE INPUT/OUTPUT SUBROUTINES

ON-LINE INPUT/OUTPUT SUBROUTINES

ON-LINE

\PUT/OUTPUT SUBROUTINES
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Octal Code

00
01
02
03
04
05
06
07
10
11
12

52
53
54

-

Mnemonic

HLT
RPT
XEC
STHR
STC
STA
STD
INM
ADD
SUB
SKG
SKN
FLD
ANA
ORA
ERA
ADM
SBM
OTM
LDB
LDA
JRT
FSB
JST
SMP
TMB
DMB
FAD
MPY
DIV
FMP
FDV
ARS
ALS
LRR
LLR
LRS
LLS
NRM
LGL
OTA
INH
CME
TXA
STK
SKT
LDK
SKF
CSA
CMA
BIN
BCD
ENB
INA
ocp
ADX

“Optional command

APPENDIX C
Numerical Command List

Description

Halt

Repeat

Execute

Store B

Store Command Portion of A
Store A

Store Address Portion of A
Input to Memory

Add '

Subtract

Skip if A Greater

Skip if A Not Equal
Floating-Point Load*
AND to A

OR to A

Exclusive OR to A

Add Magnitude

Subtract Magnitude
Output from Memory
Load B :
Load A

Jump Return

Floating- Point Subtract®
Jump and Store Location
Step Multiple Precision
¥ill Memory Block
Dump Mempory DBlock
Floating - Point Add*
Multiply

Divide

Floating-Point Multiply*
Floating-Point Divide*

A Right Shift

A Left Shift

Long Right Rotate

Long Left Rotate

Long Right Shift

Long Left Shift
Normalize

Tlogical Left Shift
Output from A

Inhibit Interrupt
Complement Exponents
Transfcer Index to A
Store Channel Status
Skip if True

Load Channel Status
Skip if Falsc
Complement on Sign of A
Complement A

Binary to BCD Conversion®
BCD to Binary Conversion
Enable Interrupt

Input to A

Output Control Pulse
Add to Index

e
Exccution Time
1.9 psec
r(t+.76)4 3.8
1.9 psec+t
3.8 usec
3.8 psec
3.8 uscc
3.8 usec
3.8 usec
3.8 psec
3.8 pusec
4,18 or 4.94 psecc
4.18 or 4,94 psec
" 5.7 psec
3.8 psec
3.8 pusec
3.8 pusec
3.8 psec
3.8 pusec
. 3.8 pusec
3.8 usec
3.8 psec
3.8 psec
7.64+0.38(w+y) psec
3.8 psec
3.8 psec
325 KC
250 KC
7.6+0.38(w+ty) psec
6.46 psec
17 psec avg.
10.26 psec
24.6 psec avg.
‘ 1.524+x psec

1.52+x pscc
1.52+x pscc
1.52+x pusec
1.52+x psec
1.52+x psec
2.28+z pscc
1.52+4+x psec
2,28 pscc
1.9 pscc
1.9 uscc
1.9 psec
1.9 usec
2,28 or 3,04 pscc
1.9 pscc
2.28 or 3,04 psec
1.9 psec
1.9 psecc
19,38 pscc
19.38 puscc
1.9 pscc
1.9 pusec
2,28 pscc
1.9 pscc

SIS I cC I WO I GV SO JVRN RN ST G2 oI U RN ST oS I SR SR oS BN G I o VI o VI e U oS J o VI oS SR A I oS I A S I A S o S IR O
[E T T T T T T T T TN N (NN TN (NN NN SN (NN SN A SN S SN I R U N N |

—WW—OWWWONWNUVMUING N — = —WNNNN O A S

BNe e -Ne] ~N -0 - Co el mwww oo o ol

2-15
2-15
2-16
2-16
2=17
2-17
2-18
2-31
2-32
2-10
2-24
2-33
2-21
2-33
2-22
2-11
2=11
2-11
2-12
2-34
2-34
2-35
2-24
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Octal Code Mnemonic

55 TAB
56 LDX
57 IAB
60 CRA
61 SKS

7 62 RND
63 TAX
64 SCR
65 SCL
66 STX
67 IRX
70 JPL
71  JZE
72 JIX
73 JOF
74 IJMP
75 JX1
76 FST
-7 NOP

Note:

o
@

% Optional command

.-

Numerical Command List (Cont)
Description

Transfer A to B

Load Index

Interchange A and B

Clear A

Skip if Sense Line Not Set

Round A

Transfer A to Index

Scale Right

Scale Left

Store Index

Increment,
Index

Jump if A Plus

Jump if A Zero

Jump on Index

Jump on Overflow

Unconditional Jump

Jump on Index Increxnented

Floating-Point Store”

No Operation

Replace and Load

Execution Time

9 psec
9 pusecc
9 usec
9

1.
1.
1.
1. sec

3.04 or 4,56 pscc

1.9 psec
1.9 psec
1.94x pscc
1. 9+x psec
3.8 pusec
5.7 psec

2.28 psec
2,28 psec
2.28 psec
2,28 psec
2,28 psec

2.28 or 2,66 psec

5.7 pusec
1.9 psec

Sce page D-2 for explanation of variables r, t, w, x, y and z.

Page

2-22
2-23
2-26
2-23
2-23
2-27
2-37
2-29

e
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TABLE 3-1.
Q ) PERIPHERAL DEVICE CODIES
1 2 3 4 5 6
DDP Magneltic
DDP Character Typewriter Card Tape
Octal (except Lower Upper Code Code
Code ’ typewriter) Case Case (Hollerith) (BCD)
: 00 0 ! 0 b 0 (0 ES3
| 01 1 1 1 1
| 02 2 2 2 2
| 03 3 3 3 3 i
| 04 4 4 : 4 4
| 05 5 5 @ 5 5
| 06 6 6 N 6 6
| 07 7 7 > e 7
| 10 8 8 8 8 R
11 9 9 9 9
I 12 ? All Other Nonexistent _
| Codes
| 13 = it - 8- - .
14 ! . §-4 !
15 : ' 8-5
16 H 8-6
17 > P 8-17
20 N, ¢ 11-8-4 Blank
21 / / 0-1 /
22 S - S 0-2 S
‘ 23 T T 0-3 T
24 U U = 0-4 U
25 v v %o 0-5 A% .
26 w w " 0-6 w
21 X X ! 0-7 X
30 Y Y 0-8 Y .
31 yA Z 0-9 . z 1 -
32 ' 0-8-2
33 ) ’ 0-8-3 . -
34 (= 0-8-4 (
35 = 0-8-5 -
36 ] TAB 0-8-6
37 " 0-8-7 -
40 - - - 11 =
41 J J 11-1 J =
42 K K 11-2 K
43 L L 11-3 L
44 M M ) 11-4 M
45 N N * 11-5 N - >
46 o O A 11-6 )
1. A zero recorded in BCD mode on magnetic tape will be translated into an octal 12 when
written and back to zero when read, An octal 12 may be recorded in BCD mode on magnetic s
%Apc, but will be read back as zero.
2. An asterisk (20) recorded in BCD mode on magnetic tape will be translated into an octal
4 when written and back to 20 when read, An octal 54 may be recorded in BCD mode on "
magnctic tape, but will be read back as 20, -
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TABLE 3-1. (Cont)
PERIPHERAL DEVICE CODES
1 2 3 | 4 5 6
DDP Magnetic
DDP Character Typewriter Card Tape
Octal (except Lower Upper Code Code
Code typewriter) Case Case (Hollerith) (BCD)
47 P P H 11-7 P
50 Q Q 11-8 Q
51 R R 11-9 R
52 - S 11-0 o
53 N $ 11-8-3 $
54 o/ Backspace 11-8-6 S
55 A 11-8-5
56 Bl nk@ Space Blank
57 < 11-8-7
60 + & & 12 +
61 A A 12-1 A
62 B B 12-2 B
63 C C 12-3 C
64 D D | 12-4 D
65 - E E = 12-5 E
66 F F ® L 126 F
67 G G < 12-7 G
70 H H 12-8 H
71 1 ! 12-9 1
72 t 12-0 5
73 . . Vv 12-8-3 .
74 ) Lower 12-8-4 )
Shift- ‘
75 % Upper 12-8-5
Shift
76 \ Car. 12-8-6
. Return ®
11 - Line 12-8-7
Feed -

3. A space (56) recorded in BCD mode on magnetic tape will be translated into an octal 20

when written and back to 56 when read,

Periphcral Device Codes

Table 3-1 shows the various characters uscd by the several most common peri'ph—
eral devices and the cquivalent octal codes used by the DDP-224 to identify the characters.
Columns 3 and < contain the characters for the typewriter in the lower and upper cases.
coded instruction must first select whether Jower case or upper casc is desired, and this

is donc by an octal code 74 for lower shift and 75 for upper shift, as shown.

indicates the Hollerith card code, one of the codes that can be uscd by the card reader or

Column 5

A




OCP_CODES

01000

02000

02010

02070

02100
02200
02210

02220

SKS CODES

¥00100

*01000
02000

14000

'OCP_CODES

06010

. 06110

261k0
261L1
26142
-26143
26144
26145
26146

. 261L7

: gc/

STANDARD EQUIPMENT SENSE LINE CODES

Punch stop code on paper-tape punch.

Typewriter input select and character buffer enable.

Typewriter output select and character buffer ensable.

Disconnect all three I/0 devices (typewriter, Paper Tape Reader,
Paper Tape Punch). (Only ways to disconnect character buffer are
to reset bit 24 of channel status register, enable DMA, or

select Line Printer/Parallel Output Channel).

Enable Paper-Tape Reader and Character Buffer.

Turn Punch Power on, enable Paper-Tape Punch and Character Buffer.

Turn Punch Power off.

Turn Punch Power on, feed one sprocket hole on Paper-Tape Punch.

Character Buffer Input Parity

ewriter Stop Code (Backspace)(may not be resettable)
Character Device (Typewriter, Paper-Tape Reader, Paper-Tape
Punch) Busy. e
Character Buffer Ready

FBC CODES

Select FBC

Enable FBC Range Register Readback (A Only)

Enable FBC Free Interrupt

Disable FBC Free Interrupt

Connect FBC to CMS

Connect FBC to DCE (M.C. automaticaliy connects FBC to DCE).
Release FBC from CPU

Enable FBC transfer to DCE ?

Disabie FBC transfer to DCE 7.

External FBC Shutdown
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SKS CODES
26010
26140

26143

06000

06100

SKS CODES

26000

OCP_CODES
34000

34001

OCP_CODES
0
1

2

SKS_CODES

11000

D

FBC Busy (is transmission complete)
FBC Connected

Invalid CMS/LMS Interrupt

DMA CODES

Enable DMA

Enable DMA Range Register Readback
DMA Busy
EXTENDED MEMORY -

Fnable Exterded Memory

Disabie Extended Memory

MISCELLANEOUS (and not necessary)

Enable Character Buffer
Enable Parallel Input Channel #1

Enable Parallel Output Channel #1

Parallel Output Channel #1 Ready

FCH




OCP Codes

03000

03001

- 03002

03003
0300k
03005
03021
03022
03023
0302k
03025
03026
030L0
03041
03042
03100
03101
03102
03103
0310k
03105
03106
03107
03110

03111

LMS DCE CODES

Device

Reset all DCE

sCS

DWI

DBI

A/D

ccI

DBO

DWOR

DWOD

PCM

cco

D/A

Enable DCE Interrupt
Disable DCE Interrupt

Reset DCE Interrupt

Address

SCSTABAB+1
DWITABAB+1
DRITABAB+1
ADTABAB+1

CCBITBAB+1
DBOTABAB+1
DWRTABAB+1
DWDTABAB+1
PCMTABAB+1
CCBOTBAB+1

DATABAB+1

Enable PCM equipment to accept Format Data

Enable PCM equipment to accept Data

PCM.High Bit Rate

PCM Low Bit Rate

Landmass
Loading - Computer Status

Fault - Computer Status

Enable LGC Interrupt

Reset LGC Interrupt

‘Nermalize Trajectory Buffer (CCI, CCO)

€D/

Max. Range

38

28

648
6l
60

528
80
48

580
60

320
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LMS DCE CODES (CONT.)

SKS Codqg ' Device 3 = Address =, Max. Range

20000 : Device Enabled | :
20001 Device Error ;
20002 ' Trajectory Buffer - ready to transmit

20003 Trajectory Buffer ~ ready to receive

20004 PCM Format Frror

20005 , ; PCM Data Error

20006 | CTE Minute




2 -

$oe

{ MAGNETIC TAPE CODES
; . OCP Codes SKS Codes
; - 26160 - Select TMU #1 26161 - TMU #1 selected?
; 26161 - Deselect TMU #1
; 26162 - Select TMU #2 26163 - TMU #2 Selected?
; 26163 - Deselect TMU #2
T 20000 - Read odd parity on MTU #1 ; 31000 - MTU #1 or #2 busy?

20001 - Read odd parity on MTU #2

20100 - Read even parity on MTU #1
20101 - Read even parity on MTU #2

20200 - Write odd parity on MIU #1
20201 - Write odd parity on MIU #2

20300 -~ Write even parity on MIU #1
4 20301 - Write even parity on MIU #2

20400 - Write End of File on MTU #1
20401 - Write End of File on MIU #2

? 30000 - Backspace 1 record on MIU #1

? 30001 - Backspace 1 record on MTU #2

: ’ 30100 - Backspace 1 file.on MIU #1 .

* 30101 - Backspace 1 file on MIU #2 I

30200 - Skip 1 record on MIU #1
30201 - Skip 1 record on MTU #2

1 30300 - Skip 1 file_on MIU #1
] 30301 - Skip 1 file on MIU #2

30400 - Rewind MTU #1 31100 ~ MTU #1 rewinding?
] 30401 - Rewind MTU #2 ' 31101 - MTU #2 rewinding?
? _ 31200 - End of Tape?

% 31300 - Load Point?

31400 - End of File
%¥30300 - Parity?

Vo SR RRT R U T




26156
26157

02300

02301

02302

02304
02310
02311
02312
02315
0231h
02315
02316
02317

26153
2615k

02500

26150
26151

02400
02401

02410

02411
02420

LINE PRINTER CODES

OCP Codes

Select Line Printer TMU
Deselect Line Printer TMU

Enable Line Printer Buffer {or
Character Mode

én

SKS Codes

26157

22300

Enable Line Printer Buffer for Word Mode *22301

Print one line

Advance Paper Line

Advance Paper to Channel
Advance Paper to Channel
Advance Paper to Channel
Advance Paper to Channel
Advance Paper to Channel
Advance Paper to Channel
Advance Paper to Channel
Advance Paper to Channel

OO~ O\ EFw

CARD PUNCH

Select Card Punch TMU
Deselect Card Punch TMU

Start Punch Cycle (punch 1 row)

- - . CARD READER

Select TMU
Deselect TMU

Resad one Hollerith card

Read one binary card

Read Hollerith cards continuously
Read binary cards continuously
Stop Card Reader

(top of form)

22302

26154

22500
22501

- 22502

26151

22400

¥ pol01
22ho2

- TMU selected?
- Line Printer busy?

~ Line Printer Buffer pafity?
- Paper advancing?

- TMU Selected?

~ Card Punch busy?

- Ready to punch next row?

- Card Punch not ready and
Invalid Punch

.1
i

TMU selected?

-~ Card Reader busy?

Card Reader EOF and Stop Code
Card Reader not ready and fault
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Neme

OCP '27050
OCP ;27051
OCP '27052
OCP '27053
20 MilRupt

OCP '2705k

. 0OCP '27055

T1RPT
TLRPT
T3RPT
TSRPT
T6RPT
50 MilRupt
OCP '27056
OCP '27057

Unassigned

Power Failure

Pover Failure
50 ms.

DCE
CMS/LMS Transfer

OCP
05040

05041

Y

INTERRUPT ASSIGNMENTS FOR ASGC/LSGC

Interrupt Trap
Level Location
Lo (Lowest) 120
Lr ' 122
L2 ' 2l
L3 ' 126

S Lh '30
L5 . 132
L6 '34
LT : 136
L10 ho
L1l tho
L12 'L
113 ' 146
L1k '50
L15 | 152
116 '5h
L7 156
N/A (Highest) '0

INTERRUPT ASSIGNMENTS FOR COMPUTERS A & B

Description
Computer Store

Hand Controller
Up-Link

Radar

Down-Link

Mark/Mark Reset for AOT
bSKY Input ‘

Time 1

Time L

Time 3

Time 5

Time 6

50 Milliseconds

Moding !

No Function

N/A '0 (Also for 'C')
N/A - 2

N/A % (Used in "A" Computer Only)

N/A '6 (Used in "A" Computer Only)

REAL TIME INTERRUPTS

Enable RTI

Disable RTI
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- STATUS WORDS BIT ASSIGNMENTS

RT Interrupt Trap Bit Assignments

Bit
1

2

3

Assignments

0 = SMP set up for SUB 1 = SMP set up for ADD
0 = SMP no carry 1l = SMP carry
0 = SMP sign same, magnitude 1 = SMP sign complement necessary

may need complementing

4-9 = Priority (on sixteen line system)

10-24= Address (P-CTR at time of interrupt)

Channel Status - LMS, A & B Computers (STK to read in A—Reg.)

Bit

Assignments

10
11
12
1k
17
20

2l

FBC enabled for

DMA enabled for

DMA enabled for

DMA enabled for

range

range

range

range

Line Printer enabled for data word loading

Extended address flop

readback
readback
and address loading

and address loading

Character buffer enabled

Channel Status - LSGC, C-Computer (STK to read in A-Reg.)

Bit

Function

10
44
12
13
1h

15

Index Register 2 Bit 9 Set

DMA Enabled for Range Readback

DMA Enabled for Loading Range and Address Registers

Special Interrupt Inhibit Mask Enabled

Readable Input Counter Enabled

Extended Memory Inhibit Flip-Flop Set




~

e

Bit Function

16 Real Time Clock Enabled for Mask Selection

17 Line Printer Enabled for Loading of Data
20 Extended Address Flip-Flop Set
22 Index Register 3 Bit Set
2L Character Buffer Enabled
AN

N

~

S
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I !I. Typewriter I/0

REL
IN LDX
“ocp
INA
STA
SKN
JMP
JXI
ocp
HLT
ouT LDX
ocp
LDA
SKN

M HLT
OTA

JXT
SLASH OCT
DATA RE®
END

0, 1
12000

DATA, 1
SLASH
*¥+2
®¥h, 1
'2070
"TTTTT
0, 1
12010
DATA, 1
SLASH
'55555

¥_h,o1
2l

* %

3 -

EXAMPLES

INITIALIZE INDEX 1
SELECT TYPEWRITER INPUT
INPUT TO A REGISTER
STORE CHARACTER

=/ (TERMINATION OF I/0)
YES - STOP

NO - LOOP

DESELECT

HALT END INPUT
INITIALIZE INDEX
SELECT OUTPUT

PICK UP DATA

=/ (TERMINATION)

YES - HALT
NO - OUTPUT IT
LOOP

DATA BEGINNING

<T/

The sbove example illustrates the very basic requirements for I/0 through the type-
writer. Sensing the typewriter ready condition (SKS '2000 or '2010) and the character
buffer loaded status (SKS '1L000) are not required. here since this is a non-real-time

example and the typewriter will automatically wait for the next character to be

inputted (or outputted).

)
o
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. CARD READER
w RDCD JMP *¥*
— OCP  '26150 SELECT TMU
SKS 126151 TMU SELECTED?
JMP %42
JMP *-3 ,
— " SKS SKS 122402 CARD ‘READER NOT READY
JMP *42
JMP ¥l i
SKS 122401 EOF?
JMP EOF
JMP SKS
SKS 122400 CARD READER BUSY
JMP *¥.1
LDX -20, 3
.WORD LDX =4, 1
OCP 12400 READ ONE HOLLERITH CARD
SKS 122402 CARD READER NOT READY
JMP RDERR
INAM 'T7 PICK OFF CHARACTERS
LGL 18 " THRU THE CHARACTER BUFFER .
LLR 6 AS THE CARD PASSES THROUGH -
JXI — CHAR, 1 THE .CARD READER
STB ~  INBUF+20,3 AND FORMAT
JXI WORD, 3
oCP 126151 DESELECT TMU
JMP¥* RDCD
_ EOF HLT CTTTTT _
RDERR HLT '55555 ERROR TN READING CODE
JMP CHAR
INBUF BSZ 20

Note that the above procedure takes advantage of the card reader reading
column-wise starting with C.C. 1. A more common and easier technique is
illustrated in Example III. However, the FMB/DMB instructions and the
corresponding procedures leaves something to be desired. The FMB/DMB
instructions may be thought of as no more than an INA and a JXI, *-1, x
set of instructions. There is no built-in packing-unpacking technique
nor is there any way of recognizing a card reader error and providing

a recovery routine.




I1I. Line Printer

"Ilib PRT

‘llii% OUTBUF

A 4 Y e

JMP
LDX -
OCp
SKS
JMP
JMP
SKS
JMP
OCP
SKS
JMP
oCPp
DMB
OCP
OCP
JMP¥
BSZ

* %
-30, 1
126156
*26157
*4-2
%3
122300
*.1
1230k
122302
%]
12301
OUTBUF+30,
12302
126157
PRT

30

A S I > T AT P e

e

SELECT LINE PRINTER TMU
TMU SELECTED?

LINE PRINTER BUSY

ADVANCE PAPER ON-LINE
PAPER ADVANCING?

ENABLE LINE PRINTER BUFFER FOR WORD MODE
1

PRINT

DESELECT LINE PRINTER

I3
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C e

ST 4

IV. Honoring 50ms. Interrupt
Q Problem: Increment X1 by 1 every 50 ms.
’ ORG. '2
PZE 50 ms. TRAP LOC. A & B COMPUTERS ONLY
JMP INTRUP
%
ORG '100
START ENB ENABLE INTERRUPT
JN}P\\ ¥ SIMULATED NORMAL FRAME
HLT
INTRUP STX SAVEX1, 1 SAVE ALL NECESSARY REGISTERS
IRX 0, 1 INCREMENT X1
- SAVEX1 LDX ¥%, 1
. JRT 2 RETURN TO NEXT INSTRUCTION TO BE EXECUTED WHEN
INTERRUPTED.
END

g S il Pl ST 1 T sl
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LEM DCE I/O

VI. DCE input/output is accomplished through the address and range register enabled
. through the FBC. Although the complete range of the desired device need
not be transferred, to ensure a complete transmission of all words needed,
one will normally input/output the maximum number of words possible.

OCP 12614 Connect FBC to DCE

oCP '6010 Select FBC

OT™M X Address of data

OTM ) 4 Range of data

OCP ' XXXX Select device

SKS 126010 Is Transmission complete?

JMP ¥ -1 No, wait - z
X MZE ADDR Address of data (for output)
or
X PZE ADDR Address of data (for input)
Y DEC NUM

For example, to output D/A values:

OCP 12614
OCP 16010
OT™ X
0TM Y
. oCP 13026 ——-
' SKS 126010
JIMP LA |
5
g X MZE DATABAB + 1
Y ¢ DEC 320
DATABAB REFN
END




V. VWrite 0dd Parity Binary On Tape Unit 2 (TMU1, MTU2)

WTAPE JMP % ' g

ocP 1261.60 SELECT TMUL
SKS 126161 IS TMU 1 SELECTED? :
JMP w2 YES ' ;
- JIMP ®.3 IO 4
‘SKS 170300 RESET PARITY FLOP §
e SET ' !
JST BUSY CHECK FOR
SKS 126000 DMA BUSY
JIMP *.1 YES
ocP 16000 ENABLE DMA
OTH STRT STARTING ADDRESS ?
0T RNG RANGE :
FUNCTION 0CP 120201 ODD PARITY BINARY ON MTU 2
JST °~  BUSY CHECK FOR TAPE ACTIVITY
SKS 70300 PARITY ERROR
JMP - PARITY YES
{i NOP NO
oCP 126160 DESELECT TMU 1

JMp# WIAPE

&
w

STRT MZE X STARTING ADDRESS FOR OUTPUT MODE
RNG PIE. XN RANGE _ i
i e | :
BUSY JVP wk

SKS 131000 MIU 1 or 2 BUSY

W #el o YES

SKS 131101 MTU 2 REWINDING

JMP *.1 YES

JMP¥ BUSY

*

PARITY HLT 152525
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1
$
1
JOB

ISLGC DELOG

Mount DEPSYS tape on drive 1, delog tape on drive 2.
Topform line printer and typewriter; set typewriter tabs at 1, 6 and 12,

Load T card loader and job control deck in card reader.

- Clear core, master clear.

Fill, master clear, start.
When "SELECT" is typed, type "GO", carriage return,

When computer goes to I/O hold, type "$, tab, CON, tab, CARDS," carriage
return.

The delog program types a message at each end of file. Press start each
time to delog the number of files specified on the computer operations
request form.

At end of job, deliver typewriter listing to originator of job, along
with tape and listing output.

ISLGC DELOG JOB CONTROL DECK

6 12 25
JOB 1 TITLE
6 12

CALL  POSTPROC,00000002,,,,,,,,1

5 12 15
00000 3 99999

DELOG DECK
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10.

SYSTEM TAPE UPDATE

Load the object program of the one to be put on the DEPSYS into core.

Load MPUC (or MPUCLO) into core from DEPSYS.

Put starting address of dump area in A. Ending address in B and Jump

address in XR1.

Put the file number to write on in XR2 and tape drive number in XR3.

Set SS 1. Start type in 8 character name. Rewind the tape.

Load BTUD from DEPSYS.

Set S51. Set Bit 1 of A-Register.

XR1 put 01d DEPSYS tape drive number
XR2 put new DEPSYS tape drive number

XR3 tape drive number of MPUC generated tape - put control cards in

card reader

6

CgPY
gMIT
ADD

CgPY
DPNE

AL L

12
)/0.0.0.0.0.0.0'¢ MUST BE USED TO POSITION
):9.0.0.0:0.0:0:¢ TAPE FOR ADDED 8 CHARACTER

XXX NAME

Restart BTUD with SS1 down and A-Register = 0.

Have $ INDEX in card reader.

Have $ D@PNE in card reader.

Use VLRTCC to copy file 3.

9
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o
ASSEMBLY PROCEDURES

The'following are steps that may be employed for obtaining an assembly
listing and a binary deck:

l'

10.

Mount the Link/Dep/Blocked I/0 Systems Tape on magnetic tape unit one
of tape multiplex unit one.

Mount scratch tapes on magnetic tape units two and three.

Fill the seven card bootstrap at location zero.
N . o

N

Master clear and press start.

After the typewriter types SELECT, type ASM, hit the tab, type GO,
and hit the carriage return. i

The computer will load the assembler and halt such that assembler con-
trol words may be changed.

Without changing any registers, press start which will cause the assumed
I/0 configurations to be printed by the typewriter.

Load the source cards in the card reader and press start. After the
cards have been read, END OF PASS ONE will be typed by the typewriter
and the computer will be in an SKS loop waiting for cards to be read.

Ready the line printer.

Reload the source cards in the card reader and ready the card reader.
An assembly and a binary deck will be produced:




gt

2o
-
N

FILL DECK PROCEDURES

The following steps may be used to obtain a Hollerith fill deck from &
binary deck:

1.

Mount the Link/Dep/Blocked I/0 Systems tape on magnetic tape unit
one of tape multiplex unit one.

Fill the seven card bootstrap at location zero.
Master clear and press start.

After the typewriter types out SELECT, type MONS, hit the tab, type
GO, and hit the carriage return. After MONS has been found and loaded,
MONS will be typed by the typewriter and the computer will halt.

If the loader overlays an are<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>