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BASIC INSTRUCTIONS

ADS E ADSO ""Add to Storage E' Adds c(A) and o(E),
STDZ stores sum with overflow bit in A and sum
02.6 without overflow bit in E.
ADK ADO A K Adds e(K) to o(A) and stores sum
STD2 in A,
06,
AUG E AUGO ‘Augment ' Increases the magnitude of the
STD2 quantity contained in E by one and stores the
12.4 augmented quantity in E.
BZF F BZF0 ""Branch on Zero to Fixed F' Branches
STDZ according to c(A).
1.2
1.4
1.6 () Transfers to
plus or minus zero F (subinstruction
STDZ is not
executed)
non-zero T+l (subinstruction
STDZ is executed)
BZMF F '"Branch on Zero or Minus to Fixed F''
Branches according to c(A).
16.2
4
.6 oAy Transfers to
zero or negative F  (subinstruction
non-zero STDZ §
executed)
positive non-zero 1 (subinstruction
STDZ is executed)
CCSE ccso “"Count, Compare, and Skip
STDZ Branches according to c(E) :md eosanin
0L.0 Athe | c(E)| diminished by one.
o(E) Transfers to
positive non-zero 1
plus zero B2
negative non-zero 3
minus zero T+4
CAK cAo "Clear and Add K" Enters c(K)
STD2 into A
03.
cYL "Cycle Left! Cycles quantity, which is
entered into location 0022, one place to
. 0022 the left.
CSK cs0 "IClear and Subtract K" Enters the
STD2 complemented c(K) into A.
04.
CYR ""Cycle Right'! Cycles quantity, which is
entered into location 0020, one place to
. 0020 the right.
DAS E (E+l) DASO "Double Add to Storage E" Adds c(A, L)
DAS1 and c(E, E+l) and stores sum without
02.0 STD2 overflow bit in E and E+1. Enters plus one
into A1n case of positive overflow, minus
one in case of negative overflow, and plus
zero in case of no overflow. Enters plus
zero into L.
DCA K (K+1) DCAO “"Double Clear and Add K' Enters
DCAL (K, K+1) into A and L.
13. STD2
DCS K (K+1) DCSo ""Double Clear and Subtract K'' Enters
DCS1 the complemented ¢(K, K+1) into A and L.
14, STD2
DIM E DIMO "Diminish E' Decreases the magnitude
STD2 of the quantity contained in E by one and
12.6 stores diminished quantity in E.
DINC C DINC ""Diminish Increment C' Decreases the
magnitude of the quantity contained in C
by one and stores diminished quantity in C.




DV E DVO "'Divide by E' Divides double precsion
DV1 quanity c(, L) by G(E), stores quotient in
1.0 DV3 A and remainder in L. Signs of b(A) and
DV7 B} neeil e ¥ M oF e
DVE equals sign of dividend.
DV4
STD2
DXCH E (E+1) DXCHO “"Double Exchange A and E' Exchanges
DXCHI (A, L) with ¢(E, E+1).
05.2 STD2
EDOP “"Edit Operator*! Shifts quantity, which
is entered into location 0023, seven
0023 places to the right.
EXTEND STD2 “"Extend"_Enters a ONE into bit
position SQ-EXT. The next
00.0006 instruction, taken from I+1, is an
Extra-Code Instruction
FETCH K FETCHO " Fetch K Displays ¢(K) on GSE.
FETCHI Address K is supplied by GSE.
co Gon %G Takes next tnstruction from
TCO location 4000 in F Memory.
00.
INCR E INCRO “Increment E" Adds plus one to
STD2 e(E) and stores incremented quantity
02.4 inE.
INHINT sTD2 “Inhibit Interrupt" Sets inhibit interrupt
switch in Interrupt Priority Control to
00.0004 prevent interruption of program execution.
INOTLD H INOTLD “In Out Load H' Data supplied by GSE
is entered into H by GSE. Channel
address H is supplied by GSE.
INOTRD H INOTRD "'In Out Read H' Displays c(H) on GSE.
Channel address H is supplied by GSE.
LXCH E LXCHO "Exchange L and B Exchanges c(L)
STD2 with c(E).
02.2
MCDU © MCDU ""Minus CDU C' Subtracts one from
cyclic TWO's complement number in
C and stores decremented quantity in C.
MINC C MINC “Minus Increment C' Subtracts one from
(C) and stores decremented quantity in C.
MP K MPO “Multiply K' Multiplies c(K) by ¢(A) and
MPL stores double precision product in A and L
1. MP3 (signs In A and L agree).
MSK K MSKO " Mask with Kt AND'S c(4) with ¢(K) and
STDZ stores logical product in A
o7
MSU E MSUO “"Modular Subtract E' Subtracts cyclic
STD2 TWO's complement number in E from
12.0 cyclic TWO's complement number in A
and stores difference expressed in ONE's
complement number in A.
NDX E NDX0 “Index Next Basic Instruction with B
NDX1 Adds c(E) to c(I+1) and takes sum as
05.0 next instruction.
NDX K NDXX0 ""Index Next Extra-Code Instruction with K'
NDXX1 Adds c(K) to c(I+1) and takes sum as next
15. instruction. Retains the ONE in bit position
SQ-EXT.
PCOU © repy Pl CDU C1 Adds one to eyclic TWO's
complement number i C and stores
fneremented quantity tn ¢
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PINC C PINC ""Plus Increment C' Adds one to ¢(C) and
stores {ncremented quantity in C.

QXCH E QXCHO ""Exchange Q and E' Exchanges (Q) with
STD2 ©(E). Takes next instruction from I+1.
12.2
RAND H RANDO ""Read and AND H' AND's c(A) and c(H)
o STD2 and stores logical product in A.
10.
READ H READO ""Read H' Enters c(H) into A.
STD2
10.0
RELINT sTDZ "'Release Inhibit Interrupt’ Resets Inhibit
interrupt switch to allow program inter-
00. 0003 ruption in favor of a programmed operation

of higher priority.

RESUME NDXO0 ""Resume Interrupted Program’' Tak
RSM3 next instruction from location 0017 and enters
05.0017 content of location 0015 into Z.
execution of the interrupted program section
is resumed.
ROR H ROR0 ""Read and OR H' OR's c(A) and c(H), a
STD2 stores logical sum in A.
10.4
RUPT RUPTO "'Interrupt Program Execution'' Takes
RUPTL next instruction from address supplied by
10.7 STD2 Interrupt Priority Control. Stores c(B) in

location 0017 and c(Z) in location 0015.

RXOR H RXOR0 ""Read and Exclusive OR H"' Forms exclusive
STD2 OR from c(A) and c(H), and stores result

10.6 in A,

SHANC C SHANC "Shift and Add Increment C* Shifts c(C) one

place to the left and enters a ONE into bit
position 1 of C

SHINC C SHINC "Shift Increment C' Shifts ¢(C) one place to
the left and enters a ZERO into bit position
lof C
SR "'Shift Right'! Shifts quantity, which is entered
into location 0021, one place to the right.
L0021
STORE E STOREQ "'Store B'; data supplied by GSE is entered
STOREL into E by GSE. Address E is also supplied
E.
SUE sU0 "'Subtract B! Subtracts c(E) from c(A) and
STD2 stores the difference in A.
16.0
TC K TCO "'Transfer Control to-K' Takes next
instruction from K and stores return
00. address (I+1) in Q.
TCFO ""Transfer Control to Fixed F'' Takes

next instruction from F without changing
¢(Q),

TCSAJ K TCSAJ3 ""Transfer control to specified address K
TD2 Takes next Instruction from address which
00. is supplied by GSE.




05.6

TSE TS0 " Transfer to Storage B If A does not contain
STD2 an overflow quantity, instruction enters c(A)
05.4 into E and takes next nstruction from I+1.
If A contains a positive overflow, instruction
enters c(A) without overflow bit into E, enters
plus one into A, and takes next instruction
from B2. If A contains a negative overflow,
instruction enters c(A) without overflow bit
into E, enters minus one into A, and takes
next fnstruction from [+2.
WAND H WANDO "Write and AND H' AND's c(A) and c(H)
STD2 and stores logical product in A and H
10.3
WOR H WORO "Write and OR H' OR's c(A) and c(H),
STD2 and stores logical sum in A and H.
10.5
WRITE H WRITEQ "Write H' Enters ¢(A) into H.
STD2
10.1
XCH E XCHO “"Exchanges A and E' Exchanges c(A)
STD2 with c(E;
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INSTRUCTIONS

ABS TP Absolute Value |T(MPAC)| replace T(MPAC).
(0.48 ms)
0
ABVAL Vector Length |V(MPAC)| becomes T(MPAC), changing th
(3. 86 ms) store mode to DP. In addition, | V(MPAC)| replace
0 D(34D). The result is zero if| V(MPAC)|
<2-21. If [V(MPAC)| > 1 set OVFIND to
indicate unspecified result.
ARCCOS (ACOS) DP Arc-Cosine (1/2m) Arc-Cosine @D(MPAC) replace T(MPAC).
(9. 12 ms) This is the inverse of COS. t of an
0 argument whose magnitude is greater than . 5001
causes an abort.
ARCSIN (ASIN) DP Arc-sine (1/2m) Arc-sine (2D(MPAC) replace T(MPAC).
(.26 ms) This is the inverse of the SIN function. Receipt
0 of an argument A than . 5001 in magnitude
causes an abort.
AXC, 1 X Address to -X replaces S(XT).
AXC, 2 X Index Complemented
(0.76 ms)
2
AXT, 1 X Address to X replaces S(XT) (T = 1, 2).
AXT, 2 X Index True
(0.75 ms)
2
BDDV X DP Dividn Into Same as DDV excem crm)c)/mmmc) if
(2.50 ms) D) |< | DMPAC)
1
3
BDSU X DP Subtract From r\m - D(MPAC) replace D(MPAC). Set
(0.74 ms) VFIND on overflow, and overflow-correct
1 Lhe result.
3
BHIZ X Branch High If S(MPAC) = 0, do a GOTO X. Otherwise, no
(0.6 ms) operation occurs.
2 Order Zero
(+0. 19 ms) GO
BMN X Branch Minus If T(MPAC) < 0, doa GOTO X. Otherwise,
(0. 67 ms) no operation oceurs.
2 (+0.19 ms) GO
BOFCLR X Branch if Switch Clear switch X to 0. If initially cleared to 0,
(L.36 ms) do a GOTO Y. Otherwise, no further operation
2 Y off, Clearing Switch oceurs,
(+0.23 ms) G
BOFF X Branch if If switch X is cleared to 0, do 2 GOTO Y.
(1.27 ms) Otherwise, no operation occurs.
2 Y Switch Off
(+0.23 ms) GO
BOFINV X Branch if Switch Invert switch X. If originally cleared to 0, do
(1.39 ms) 2 GOTO Y. Otherwise, no operation occurs.
2 Y Off, Invertmg Switch
(+0.23 ms) G
BOFSET b3 Bmmh if Switch Set switch X to 1. If initfally cleared to 0, do
(1.39 m 2 GOTO Y. Otherwise, no further operation occurs.
2 Y off, Sem"g Switch
(+0.23 ms) GO
BON X Branch if If switch X is set to 1, do a GOTO Y. Otherwise,
(1.26 ms) no further operation occurs.
2 Y Switch On
(+0.23 ms)
BONCLR X Branch if Switch Clear switch X to 0. If initfally set to 1, do a
(1.35 ms) GOTO Y. Otherwise, no further operation
2 Y On, Clearing Switch occurs.
(+0.23 ms) GO




BONINV X Branch if Switch Invert switch X. If originally set to 1, doa
(1.37 ms) GOTO Y. Otherwise, no further operation
2 Y On, Inverting Switch oceurs
(+0.23 ms) GO
BONSET X Branch if Switch Set switch X to 1. If initially set to 1, doa
(1.37 ms GOTO Y. Otherwise, no further operation
2 Y On, Setting Switch oceurs.
(+0.23 ms) GO
BOV X Branch On If OVFIND is set, reset it to zero and do a
(0.58 ms) GOTO X. Otherwise no operation occurs.
2 Overflow
(+0.23 ms) GO
BOVB X Branch On If OVFIND is set, reset it to zero and begin
(0.58 ms) executing basic instructions at X. Otherwise,
2 Overflow to Basic no operation occurs. X must be in fixed
(+0. 16 ms) GO memory.
BPL X Branch Plugs If T(MPAC) > 0, do a GOTO X. Otherwise,
(0.65 ms) no operation oceurs.
; 5 (+0. 19 ms) GO
BVSU X Vector Subtract From V(X) - V(MPAC) replace V(MPAC). Set
(1.17 ms) OVFIND on overflow of any component,
L leaving an overflow-corrected result.
3
BZE X Branch Zero If T(MPAC) = 0, do a GOTO X. Otherwise,
(0. 65 ms) no operation occurs.
o2 (+0.19 ms) GO
CALL X Call a Subroutine Begin executing interpretive instructions at
(0. 89 ms) X. A return address is left in QPRET. Call
2 is a right-hand operation code.
CCALL X Computed Same as CGOTO except that a return address
Y Call is left in QPRET in addition. CCALL s a
2 (1,07 ms) right-hand op code
CLEAR X Clear Switch Clear switch X to 0.
(1.25 ms)
2
CLRGO X Clear Switch Clear switch X to 0 and do a GOTO Y.
Y and Go To CLRGO is a right-hand op code.
2 (1.52 ms)
CGOTO X Computer The contents of X (X in erasable) are added to
Y Go To address Y (Y in fixed) and the address at Y+S(X)
2 (0. 90 ms) is selected. Begin executing interpretive
instructions there unless the address is in
erasable, in which case it is interpreted as
indirect. CGOTO is a right-hand op code.
CCS (COSINE) DP Cosine 5 (Cos (27 D(MPAC) replace T(MPAC).
(5.80 ms)
0
DAD X DP Add D(MPAC) + D(X) replace D(MPAC). Set
(0. 86 ms) OVFIND on overflow, and leaves the overflow-
1 corrected result in MPAC.
3
DCOMP TP Complement ~T(MPAC) replace T(MPAC).
(0. 52 ms)
o
DDV X DP Divide By If |D(MPAC)| < | D(X)|, the DP quotient
(2.48 ms) Q=D(MPAC) / D(X) is formed and (Q. 0)
it replace T(MPAC). ‘Overflow indication is
3 set if required. # .999999 replace D(MPAC)
in this case.
DLOAD X Load MPAC in DP (D(X), 0) become T(MPAC), setting the store

(0.64 ms)

mode to DP. Address may be direct, indexed
or vacuous.




DMP X DP Multiply D(X) times D(MPAC) replace T(MPAC).
(1.13 ms)
1
3
DMPR X DP Multiply and Round D(MPAC) D(X) = P is formed and rounded to
(1.29 ms) DP so that (P, 0) replace T(MPAC).
1
3
DOT X Vector Dot Product V(MPAC) - V(X) replace T(MPAC), setting the
(3.08 ms) store mode to DP. Set OVFIND if overflow
1 occurs, leaving an overflow-corrected result.
3
DSQ DP Square D(MPAC) times (D(MPAC) replace T(MPAC).
(0.76 ms)
0
DSU X DP Subtract D(MPAC) -D(X) replace D(MPAC). Set
(0.66 ms) OVFIND on overflow, and overflow-
1 correct the result.
3
EXIT Exit from Interpreter Begin executing basic instructions after the
(0.26 ms) last op code or address word referenced by
2 the interpreter as follows

1) If EXIT is a left-hand op code, go to the
word after the EXIT instructions;

2) If EXIT is a right-hand op code, go to the
word following the last address used by
the left-hand op code.

EXIT is a right-hand op code.

GOTO X Go To Begin executing inierpretive instructions
(0.77 ms) at X. QPRET is undisturbed. GOTO is a
2 right-hand operation code.
INCR, 1 X Increment Index The overflow-corrected sum of S(XT) and
INCR, 2 X replaces S(XT)
(0.76 ms)
2
INVERT X Invert Switch Invert switch X; i.e., if 0, setto L if 1,
(1.27 ms) clear to 0.
2!
INVGO X Invert Switch Invert switch X and do a GOTO Y. INVGO
Y and Go To is a right-hand op code.
2 (1.54 ms)
LXA, 1 X Load Index S(X) replaces S(XT).
LXA, 2 X from Erasable
(0.78 ms)
2
TxC L X Load Index -8(X) replaces S(XT).
LXC, 2 X from Erasable
Complemented
24 (0.78 ms)
MXV X Matrix Post- M(X) V(MPAC) replace V(MPAC). Set
Multiplication VFIND on overflow, leaving an overflow-
1 by Vector corrected result.
3 (8.97 ms)
NORM (SLC) X Scaler Normalize An N is found such that | T(MPAC)| 2N .5
(0. 88 ms) provided T(MPAC) = 0. -N replaces S(X)
1 (+0.21 N ms) and T(MPAC) x 2N replace T(MPAC). If
3 T(MPAC) = 0, -0 replaces S(X) and
T(MPAC) are unchanged.
PDDL X Push Down and D(MPAC), T(MPAC) or V(MPAC) are
load MPAC in DP pushed down: (D(X), 0) become T(MPAC)
1 (0.91 ms) with the store mode set to DP. X may be
i direct, Indexed, or vacuous.
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PDVL X Push Down and Same as PDDL except V(X) becomes
load MPAC with V(MPAC) and the store mode is set
i a vector to vector.
3 (1. 14 ms)
PUSH Push Down D(MPAC), T(MPAC) or V(MPAC) are
5 (0.55 ms) ushed down.
3
ROUND Round to DP T(MPAC) are rounded to DP 5o that
(0.56 ms) (ROUND (T(MPAC)), 0) replace T(MPAC).
0 Set OVFIND if overflow occurs, leaving an
overflow-corrected result, +0.
RTB X Return to Basic Begin executing basic instructions at X.
(0.71 ms) X must be in fixed memory.
2
RVQ(ITCQ) Return Via QPRET Begin executing interpretive instructions at
(0. 69 ms) the location whose address is in QPRET.
2 This may be used to return from a subroutine
which contains no CALL or CCALL instructions.
If QPRET contains the address of an
erasable register, the address is interpreted
as an indirect address. RVQ is a 'right-hand
op code''.
SET X Set Switch Set switch X to 1.
(1.27 ms)
2
SETGO X Set Switch Set switch X to 1 and do a GOTO Y. SETGO
Y and Go To is a right-hand op code.
2 (1.54 ms)
SETPD X Set Push-down Set the Push-down Pointer PUSHLOC to X,
Pointer where X is in local erasable memory.
2 (0.58 ms) must be direct.
SIGN X DP Sign Test X must be in erasable memory. If D(X) = 0.
(0.70 ms) no operation occurs. Otherwise if store mode
1 is DP or TP, ~T(MPAC) replace T(MPAC); if
3 store mode is vector, -V(MPAC) replace
V(MPAC).
SIN (SINE) DP Sine .5 (Sin (27 D(MPAC)) replace T(MPAC).
(5. 63 ms)
0
sL X General Scaler Shift Same as SR except that T(MPAC)2X replace
(1.03 ms) T(MPAC).
X Left
3 (+0.22 X ms)
SL1 Scaler Shift Left T(MPAC) x 2+) replace T(MPAC) (i = 1, 2,
72 3, 4). If significant bits are lost, set.
s12 (0.92 ms) OVFIND but leave the overflow-corrected
S13 (1.17 ms) result as T(MPAC).
S14 (1.39 ms)
0
SLOAD X Load MPAC in Same as DLOAD except (S(X), 0, 0) becomes
Single Precision T(MPAC). X may not be vacuous.
1 (0.74 ms)
3
SLR X General Scaler Shift Same as SL except that T(MPAC) x2° is
1 Tounded to a DP number R and (R, 0)
1 Left and Round replace T(MPAC). Direct address limits
3 (+0.22 X ms) e 0< X< 14,
SLIR Scaler Shift Left and T(MPAC) x 2*) is rounded to a DP number R
Round and (R, 0) replace T(MPAC) (j = 1. 2, 3, 4).
(0. 88 ms) If overflow occurs, set OVFIND and leave the
SIZR (1. 10 ms) overflow-corrected result as T(MPAC).
SL3R (1.32 ms)
SIAR (1.54 ms)




SR

X General Scaler Shift
file

Right
(+0.23 INTEGER (X/14) ms)

T(MPAC) x 27X replace T(MPAC) where
-42 < X < 42 (X can be negative only if the
address was indexed). Address limits are

3 0< X< 42 if direct and -128 < Xg < 128 if
indexed. X is the stored address before
index modification; X is the net address in
any case. On overflow leave the overflow-
corrected result and set OVFIND,

SRI Sealer Shis Rght TMPAC) 270 replace T(MPAC) (j = 1,2,3,4).
ms)

sz (0. 55 may

SR3 (0. 85 ms)
SR4 (0. 85 ms)
0
SRIR Scaler Shs Right T(MPAC) x 27 is rounded to a DP number R
and R and (R, 0) replace T(MPAC) (1= 1, 2, 3, 4).
(©. 55 ms)
SReR (099 ms)
SRR (099 ms)
SRR (0:99 ms)
o
SRR X General Scaler Shift Same as SR except that T(MPAC) x 2™ is
.52 rounded to & DP number R and (R, 0)
1 Right and Round replace T(MPAC). Address limits are
3 (+0.23 INTEGER (X/14) ms | 0< X < 29 if direct.
ssp X Set Single ¥ replaces S(X). Y may be any constant:
¥ Precision arithmetic, loglcal, address, etc.
i (0. 67 ms)
SQRT DP Square Root SQRT (D(MPAC)) replace TOMMPAC): 1.e.
(194 ms) the initial contents of MPAC are normalized,
0 the DP square root of the normalized number
computed, and that result unnormalized so
that MPAC +2 has marginal significance.
Receipt of an argument less than ~10~ causes
an abort.

STQTAL) X Store QPRET S(QPRET) replaces S(X) (X in erasable). This
may be used to save the return address in

2 subroutines which contain CALL and CCALL
instructions. The STQ X in this case is
eventually followed by GOTO X to return,

STADR Push Up On During assembly, the appearance of STADR

Store Code causes the next store code to be stored
0 (0.26 ms) complemented. During execution, STADR
complements the next word to be referenced
by the interpreter and enters the store code
processor. STADR is a right-hand op code.
STCALL X Store MPAC D(MPAC), T(MPAC), or V(MPAC) replace
Y and CALL a Routine D(X), T(X) or V(X), leaving the store mode
1 (.40 ms) unalfered. Call the routine at ¥, leaving a
3 return address (of the location after the
second address) in QPRET. Both addresses
must be direct.
STODL X Store MPAC D(MPAC), T(MPAC) or V(MPAC) replace
Y and re-load in DP D(X), T(X) or V(X). (D(Y), 0) becomes
1 (1.24 me) T(MPAC) setting the store mode to DP.
3 X may be indexed, or direct and Y
{ndexed, direct or vacuous (push-up).
STORE X Store MPAC D(MPAC), T(MPAC) or V(MPAC) replace
D(X), T(X), or V(X), respectively. X may

1 be indexed or direct

3
sTov X Store MPAC Same as STODL except V(X) become V(MPAC)

Y and re-load as Vector | and store mode is set to vector.

1 (1.4 me

3
sXa, 1 X Store Index S(XT) replaces S(X).
SXA, 2 X in Erasable

(0.78 ms)
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TAD X TP Add T(MPAC) + T(X) replace T(MPAC).
(0.75 ms) OVFIND 1s set on overflow, with the
overflow-corrected result left in MPAC.
TIX, 1 X Transfer on Index If S(XT) = S(ST) (T = 1. 2), no operation
(0.78 ms) oceurs. Otherwise, S(XT) - S(ST)
TR replaces S(XT) and a GOTO X is executed.
(+0.26 ms) GO
2
TLOAD X Load MPAC in TP Same as DLOAD except T(X) becomes
(0.77 ms) T(MPAC) and store mode is set to TP.
1
3
UNIT Unit Vector Function V(MPAC)/2 | V(MPAC)! replace V(MPAC)
(6.46 ms) | V(MPAC)? replace D(34D) and | V(MPAC)!
0

replace D(36D). et OVFIND if
V(MPAC)! < 27 or | V(MPAC)!
1in which case the result is incorrect.

X Vector Add

V(MPAC + V(X) repla

ce V(MPAC). Set

(0.92 ms) OVFIND on overflow in any component,
1 leaving the overflow-corrected result.
3
VCOMP Veetor Complement ~V(MPAC) replace V(MPAC).
(0. 63 ms)
0
VDEF Vector Define Push up for Vy and again for Vy, so that
(0. 67 ms) (D(MPAC), Vy. Vz) become V(MPAC),
0 setting the store mode to vector.
VLOAD X Load MPAC Same as DLOAD except V(X) becomes
with a Vector V(MPAC) and store mode is set to vector.
v (0.91 ms)
3
VPROJ X Vector Projection [V(MPAC) - V(X]] V(X) replace V(MPAC).
5. Set OVFIND on overflow, and leave the
X result obtained with overflow-corrected
3 [VMPAC) - V(X))
v/sC X Vector Divided If the initial store mode is Vector, each
by Scaler component of V(MPAC) is divided by D(X),
& (5.39 ms) the DP quotients replacing their respective
3 components of V(MPAC). If the initial

store mode is DP or TP, it is changed to
Vector, and each component of V(X) is
divided by D(MPAC) to form V(MPAC).
If overflow occurs in any component, the
operation is terminated with OVFIND set
and unspecified results in MPAC.

X General Vector Shift
89 ms)

Left
(+0.37 X ms)

Fach component of V(MPAC) {s replaced
by, the original component multiplied by
2%, On overflow of any component, leave
the overflow-corrected result and set
OVFIND. If the address was indexed
and the resulting address negative,
VSR(-X) instead. Address limits are

X < 28 if direct.

VSL1 Vector Shift Left Each companent of V(MPAC) is replaced by
{0. 81 ms) the original value multiplied by 2
VSL2 (1. 18 ms) (1= 1(1) 8). If overflow occurs in any
VSL3 (1.55 ms) component, leave the overflow-corrected
VSL4 (1.93 ms) result and set OVFIND.
VSL5 .30 ms)
VSLE (.68 ms)
VSLT (3.05 ms)
VSL§ (3.43 ms)
0
VsQ Square of Vector | V(MPAC)! 2 becomes T(MPAC), changing
Length the store mode to DP. If | V(MPAC)! =1,
0 @.21 ms) set OVFIND and leave an overflow-corrected

result

ey

N N




VI X General Vector Shift Each component of V(MPAC) is replaced by the
(2. 61 ms) original value multiplied by 2™% and rounded
1 Right to DP. If X is an indexed address and the
3 (+0. 82 INTEGER (X/14) ms) | result address negative, do a VSL -X instead.
Address limits are 0< X < 29 if direct and
=128 < Xg < 128 is indexed.
VSR1 Vector Shift Right Each component of V(MPAC) is replaced by
and Row the original value multiplied by 2-) and
@2.01 ms) rounded to DP. (= 1(1)8).
VSR2 (2.01 ms)
VSR3 (2.01 ms)
VSR4 (2.01 ms)
VSRS (.01 ms)
VSR6 (.01 ms)
VSR7 {2.01 ms)
VSR8 (2.01 ms)
0
Vsu X Vector Subtract V(MPAC) - V(X) replace V(MPAC). Set
(0.92 ms) OVFIND on overflow in any component,
1 leaving an overflow-corrected result.
3
VXM X Matrix Pre- (V(MPAC)T M (x))T replace V(MPAC).
Multiplication Set OVFIND on overflow, leaving an
1 by Vector overflow-corrected result.
3 (8. 98 ms)
VXSC X Vector Times Scaler If the initial store mode is Vector, each
(3.27 ms) component of V(MPAC) is multiplied by
i D(X), the rounded products replact
3 their respective X components of V(MPAC).
If the initial store mode is DP or TP,
change it to Vector, and each component
of V(X) is multiplied by D(MPAC) to form
V(MPAC) as above.
VXV X Vector Cross Product V(MPAC) - V(X) replace V(MPAC). Set
(4.98 ms) OVFIND if overflow occurs, leaving an
1 overflow-corrected result.
3
XAD, 1 X Index Register The overflow-corrected sum of S(XT)
XAD, 2 X Add and S(X) replace S(XT).
(0.77 ms)
2
XCHX, 1 X Exchange Index S(XT) replaces S(X) which then replaces
XCHX, 2 X with Erasable S(XT).
(9. 83 ms)
2
Xsu, 1 X Index Register Subtract The overflow-corrected difference
XSU, 2

(0.78 ms)

S(XT) - S(X) replaces S(XT).




| 4 i



VERBS AND NOUNS

REGULAR VERBS
(Command Module)

DISPLAY OCT
DI

L COMP 1 (RI)
SPLAY OCTAL COMP 2 (R1)

DISPLAY OCTAL COMP 3 (R1)

DISPLAY OCTAL COMP 1, 2 (R1, R2)
DISPLAY OCTAL COMP 1, 2, 3 (R1, R2, R3)

DECIMAL DISPLAY

DP DECIMAL DISPLAY (R1, R2)

SPARE

MONITOR OCT COMP 1 (R1)

ONITOR OCT COMP 2 (R1)

ONITOR OCT COMP 3 (R1)

MONITOR OCT COMP 1, 2 (]

MONITOR OCT COMP 1, 2, 3 uu R2, R3)
MONITOR DECIMAL

MONITOR DP DECIMAL (R1, R2)

SPARE

LOAD COMP 1 (R1)

LOAD COMP 2 (RZ
LOAD COMP 3 (R

LOAD COMP 1, Z (R1, R2)
LOAD COMP 1, 2, 3 (R1, R2, R3)
SPARE

2. LUH) 1\mn,
PI\U(‘H-H\\‘”HOK"I DAT
ERMINATE CURRENT

EXTENDED VERBS
(Command Module)

) (USED W
COARSE ALIGN
FINE ALIGN IM
LOAD IMU ATT]
ILLEGAL VERB
ILLEGAL VERB
ILLEGAL VE
RFORM CMS AND SATURN INTEGRATED TES'
E PERFORM
ASE MARK
M PRELAUNCH ALIGNM
ILLEGAL VERB
PULSE T(‘rRQLF GYROS

TH NOUN 20 ONLY)
(USED WITH NOUN 20 OR 55 ONLY)

TERS

T OPTICAL VERIFICATION

) T
PREPARE FOR CGC STANDBY
RECOVER FROM CGC STANDBY
SCAN CSM INBITS

ILLEGAL W-Rlv

ILLEGAL \'Euh
ILLEGAL VERB
ILLEGAL VERB

ILLEGAL VERB

ILLEGAL VERB
ILLEGAL VERB
ILLEGAL VERB
ILLEGAL VERB

-
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NORMAL NOUNS

(command

Module)

SCALE AND DECIMAL POINT

00 NOT IN USE

o1 SPECIFY MACHINE ADDRESS
(FRACTIONAL)

0z SPECIFY MACHINE ADDRE

06 SPECIFY MACHINE ADDRESS (GYRO

DEGREES)

o7 SPECIFY MACHINE ADDRESS (T OPT
DEGREES)

10 CHANNEL TO BE SPECIFIED

11 SPARE

iz SPARE

13 SPARE

15 INCREMENT MACHINE ADDRESS
16 TIME SECONDS
17 TIME HOURS

20  ICDU

21 PIPAS

22 NEW ANGLES I

23 DELTA ANGLES I

24  DELTA TIME (SECONDS)

25 CHECKLIST

2 (PRIO/DELAY, ADRES, BBCON
27 SELF TEST GN/OF F SWITCH
30 STAR NUMBERS

31 FAILREG, SFAIL, ERCOUNT
32 DECISION TIME ('\nncot,us .)
33 HEMERIS TIME (MIDCO!

E SE)
34 MEASURED QUANTITY lI\HDCOURSE)
35 INBIT MESSAG!

36 LANDMARK DATA 1

37 LANDMARK DATA 2
40 SPARE
41 SPARE
42 SPAR
43 SPARE
44 SPARE
15 SPARE
46 SPARE
47 SPARE
50  SPARE
51

33 GYRO INPUT

54 GYRO SPIN
DRIFT

AXIS ACCELERATION

03 SPECIFY MACHINE ADDRESS (Drrm_rs)
04 SPECIFY MACHINE ADDRESS (HOURS)
05 SPECIFY MACHINE ADDRESS (SECONDS)

(- XXXXX)

o
(\u XXDEGREES)
(XXX. XXHOURS)

(XXX. XXSECONDS)
(XX. XXXDEGREES)

(XX. XXXDEGREES)

(()LTAL ONLY)
XXX. XXSECONDS)

nc\‘( XXHO

(XXX. XXDEGREES)

(XXXXX. PULSES)

ph\x X‘(DEGREI:S)

E

srcokms;

e

(XXXXX.)

(OCTAL ONLY)
XXX,

(XXXXX.
XXXXX, )

(OCTAL ONLY)

. XXHOURS (INTERNAL UNITS = WEEKS)
X XHOURS (INTERNAL UNITS = W'
(XXXX. XKILOMETERS)

(OCTAL ONLY)

(OCTAL ONLY)

(OCTAL ONLY)

MILLIRAD/ SEC)
XX(MILLIRAD/ SEC)/ (CM/SEC SEC))

(MILLIRAD/ SEC)/ (CM/SEC SEC))

MIXED NOUNS

(command

Module)

SCALE AND DECIMAL POINT

55  OCDU
56 UNCALLED ARK DATA (OCDU &
OND3S))

SECONDS)
6 TEM TEST RESU
& DELTA GYRO \Z\GLES
70 PIPA BIAS
@
7
7

PIPA SCALE F
1)1 LTA POSITIO!
A VELOCITY

u ASUREMENT DATA (MIE

CTOR ERROR

URSE)

75 MEASUREMENT DEVIATIONS
(MIDCOUR! H

76 POSITION VECT

77 VELOCITY w,cron

57

60 LES FOR PRELAUNCH
VERIFICATION

61 TARGET AZIMUTH AND LEVATION

62 ICDUZ AND TIME

63 OCDUS AND TIME

64 OCDUT AND TIME

65 SAMPLED TIME (HOURS AND

TCHE! ) x\ INTERRUPT)

EG)
3G, XXX, XXSEC)

. XX. XXXDEG)
XXSEC)

CH)
R EACH)
EACH)

XX, METERS,
(XXXX. XKILOMETERS, XXX
SEC, XXXX. XKILOMETERS)
(XXXX, XKILOMETERS FOR EACH)
(XXXX. XMETERS/SEC FOR EACH)
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REGULAR VERBS
(Lunar Module)

01 DISPLAY OCTAL COMP 1 (R1)
02 DISPLAY AL COMP2 (R1)
03 DISPLAY OCTAL COMP 3 (R1)
L BEHUS GUIEE L S )
05  DISPLAY OCTAL COMP 1, 2, 8 (RI. R2, R3)
06 DECIMAL DISPLAY
07 P DECIMAL DISPLAY (R1. R2)
10 SP
11 MONITOR OCT COMP I (Rl)
12 MONITOR OCT COMP 2 (R1)
13 MONITOR OCT COMP 3 (R1)
14 MONITOR OCT COMP I, 2, (R1) |
15 MONITOR OCT COMP 1, 2, 3, (R1. R2, R3) |
16 MONITOR DECIMAL |
17 MONITOR DP DECIMAL (R1, R2) |
20 SPARE |
21 LOAD COMP 1 (R1)
22 LOAD COMP 2 (R2)
23 LOAD COMP 3 (R3)
2 Loagcoualzu o)
25 LORTICONBIT} 2, iz, ]
26
T ixep \u,\xou\ DISPLAY
30 REQUE TIV |
31 RLQ[‘EST WATTLIST
32 C(R2) INTO R3, C(R1) INTO R2
33 PROCEED WITHOUT DAT
3, TERMDNATE GURRENT TEST ORILOAD REQUES
B8k o TS
5 FRESH START
kg 1 MAJOR MODE
EXTENDED VERBS
(Lunar Module)
40 ZERO (USED WITH NOUNS 20, 40, AND 70)
il ALIGN (USED WITH NOUNS 20, 40, AND 70)
42 NE N IMU
43 LOAD IMU ATTITUDE ERROR METERS
44 AL VERB
45 COMMAND LR TO POSITION 2
16 GO e
41 |
50 |
2 |
53 > MARK X OR ¥

54 PULSE TORQUE GYROS

ALIGN TIME
PERFORM BANK SUM
PERFORM SYST!

. Nxm
63 l\mu 1ZE AGS
( n \um

71 OPTICA KER
72 RETURN ()PIIC,\L lRA( xxl,n ’LO STOW

77 H[EG AL VERB

12
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NORMAL NOUNS

(Lunar Module)
SCALE AND DECIMAL POINT
00 NOT IN USE
01 SPECIFY MACHINE ADDRESS (. XXXXX)
(FRACTIONAL)
0z SPECIFY MACHINE ADDRESS (WHOLE) (XXXXX. )
03 SPECIFY MACHINE ADDRESS (DEGREES) (XXX. XXDEGREES)
04 SPECIFY MACHINE ADDRESS (HOURS) (XXX. XXHOURS)
05 SPECIFY MACHINE ADDRESS (SECONDS) (XXX. XXSECONDS)
06 SPECIFY MACHINE ADDRESS (GYRO (XX. XXXDEGREES)
DEGREES)
07 E
10 CHANNEL TO BE SPECIFIED
11 SPARE
12 SPARE
13 SPARE
14 SPARE
15 INCREMENT MACHINE ADDRESS (OCTAL ONLY)
16 TIME SECONDS (XXX, XXSECONDS)
17 TIME HOURS (XXX. XXHOURS)
20 i (XXX. XXDEGREES)
& PAS (XXXXX PULSE?)
22 NEW ANGLES I XXX. XXDEGRE!
23 DELTA ANGLES I (XXX XXDL(.REES)
24 DELTA TIME (SECONDS) (XXX. XXSECONDS)
25 CHECKLIST (XXXXX. )
26 PRIG/DELAY, ADRES, BBCON (UCTAL ONLY)
27 SELF TEST ON/OFF SWITCH (XXXXX. )
30 STAR NUMBERS (XXXXX.)
31 FAILREG, SFAIL, ERCOUNT (OCTAL ONLY)
32 ISION TIME (MIDCOURSE) (XXX. XXHOURS (INTERNAL UNITS = WEEKS))
33 EPHEMERIS TIME (MIDCOURSE) (XXX, XXHOURS (INTERNAL UNITS = WEEKS))
34 MEASURED QUANTITY (MIDCOURSE) (XXXX. XKILOMETERS)
35 INBIT MESSAGE (OCTAL ONLY)
36 LANDMARK DATA l (OCTAL ONLY)
37 LANDMARK DATA (OCTAL ONLY)
40 RENDEZVOUS RADAR ANGLES (XXX, XXDEGREES)
(TRUNION, SHA
41 NEW RENDEZVOUS RADAR ANGLES (XXX. XXDEGREES)
(TRUNION, SHAFT)
42 AOT ROTATION ANGLES (XXX. XXDEGREES)
43 AOT DETENT CODE (XXXXX. )
44 l()R\\ -\Rl) LOCITY, LATERAL (XXXXX. FEET/SEC)
45 HOI -\TIO\AL HA‘\D CONTROLLER (XXXXX. DEG/SEC)
ANGLE RATE!
46 SPARE
47 SPARE
50 SPARE
51 SPARE
52 GYRO BIAS DRIFT
53 GYRO INPUT AXIS ACCELERATION (. BBXXXXXMILLIRAD/SEC)/ (CM/SEC SEC))
DRIFT
54 GYRO SPIN AXIS ACCELERATION DRIFT % BBXXXXX(MILLIRAD/ SEC)/ (CM/SEC SEC))
MIXED NOUNS
(Lunar Module)
DECIMAL POI
55 L:\NDI\(; RADAR ALTITUDE, TIME FEET, XXX, SEC)
(SECONDS)
56 LANDING RADAR VELX, TIME (XXXXX. FEET/SEC, XX. XXSEC)
(SECONDS)
57 LA\D!N(‘. RADAR VEL’ TIME (XXXXX. FEET/SEC, XXX.XXSEC)
(SECONDS)
60 N G RADAR VELZ, TIME (XXXXX. FEET/SEC, XXX.XXSEC)
(SECONDS)
61 TARGET AZIMUTH AND E VATION (XXX, XXDE( . XXXDEG)
62 RENDEZVOUS RADAR RA TRUNION, (XXXXXB. FE! X XXDEG, XX.XXDEG)
FT
63 RENDEZVOUS RADAR RANGE RATE, (XXXXX. FEET/SEC, XX. XXDEG, XX. XXDEG)
64 . ALTITUDE, XXXX. FEET/SEC)
65 AND SECONDS)
T)
66
67
70
71 G, XXX. XXDEG)
72 ‘-\ !‘OS[’HU\ (XXX_\ XKILOMETERS FOR EACH)
3 TA VELOCITY METERS/SEC FOR EACH)
74 REMENT DATA (MIDCOURSE) \XXP\ XXHO[’HS (INTERN JNITS = WEEKS),
XX

% MEASUREME!
(MIDCOURS
POSITION VEC
VELOCITY VE

T DEVIATIONS

METERS/SE

( ‘(xx XKILOMETERS FOR EACH)
X. XMETERS/SEC FOR EACH)




MEMORY ADDRESSING

ARRANGEMENT OF ADDRESSES

POTAL By REGISTER NAME REMARKS
0000 A
0001 i (also channel 01)
0002 Q (also channel 02)
0008 EB Erassble Bank Reglster Flip-Flop
0004 FB Fixed Bank Register registers
0005 z
0006 BB Both Bank Registers
0007 — Zeros
0010 ARUPT XRUPT = Storage for x
o011 LRUPT during Interrupt;
012 QRUPT ZRUPT & BRUPT
0018 (spare) stored automatically.
0014 (spare)
0015 ZRUPT
0016 BBRUPT
" o017 BRUPT
2040 words
0020 CYR Cyele Right 1 Bit cEELasanlo
0021 SR Shift Right 1 Bit
0022 cyL Cyle Left 1 Bit
0023 EDOP Edit Opeode
0024-0060 Counters
0061-1377 Unswitched Erasable
1400-3777 5 Erassble Banks
at 256 words J
4000-up Fixed } Fixed

17
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FIXED & ERASABLE BANK - SWITCHING

OCTAL PSEUDO- MEMORY ERASABLE FIXED FIXED EXTENSION S-REG
ESS BANK REG. BANK REG. | BIT (CHANNEL 7) VALUE
00000-01377 (Note 1) x xx x 0000-1377
00000-00377 (Note 1) ( 2 x 1400-1777
00400-00777 Unswitched E 5 xx x 1400-1777
01000-01377 Unswitched E 2 xx Ix; 1400-1777
01400-01777 Switched E 3 xx x 1400-1777
02000-02377 Switched E 4 ¢ x 14001777
02400-02777 Switched E 5 xx x 1400-1777
03000-03377 Switched E 6 xx x 1400-1777
03400-03777 Switched E 7 xx x 1400-1777
04000-07777 Fixed-fixed IS xx x 4000-7777
10000-11777 Common fixed x 00 h 2000-3777
12000-13777 Common fixed x o1 x 2000-3777
14000-15777 Fixed-fixed x 02 x 2000-3777
16000-17777 Fixed-fixed x 03 X 2000-3777
20000-21777 Common fixed =3 04 x 2000-3777
22000-23777 Common fixed x 05 x 2000-3777
-~ and 8o on through:
64000-65777 Common fixed x 26 x 2000-3777
66000-67777 Common fixed x 27 e 2000-3777
70000-71777 Super-bank 0 x 30 0 2000-3777
72000-73777 Super-bank 0 x 31 0 2000-3777
-~ and 80 on through:

106000-107777 Super-bank 0 x 37 0 2000-3777
110000-11177 Super-bank 1 x 30 1 2000-3777
112000-113777 Super-bank 1 x 31 1 2000-3777
114000-115777 Super-bank 1 x 32 1 2000-3777
116000-117777 Super-bank 1 x 33 1 2000-3777

' B R B W




INPUT AND OUTPUT
CHANNELS

OUTPUT CHANNELS OS5 AND 06
RCS Control Signals

Bit Position cmMc LGC
s SM Mode CM Mode
1 RC+X+P +PCH/-X/+YAW -X/-P/+R
2 RC-X-P -PCH/+Z +X/+P/-R
3 RC-X+P -X/+R/+P
4 RC+X-P +X/-R/-P
5 RO+X+Y -X/+R/-R
6 RC-X-Y -YAW/-X/-PCH +X/-P/+R
T RC-X+Y +YAW/-X/-PCH -X/-R/-P
8 RC+X-Y -YAW/-X/+PCH +X/+R/+P
Channel 06
1 RC+Z+R +RLL/ (+Y, +2) +Z/+YAW
2 RC-Z-R -RLL/(-Y, -Z) -Z/-YAW
3 RC-Z+R +RLL/(+Y, -2; -Z/+YAW
4 RC+Z-R -RLL/(-Y, +2) +Z/-YAW
5 RC+Y+R Not used SY/+YAW
6 RC-Y-R Not used -Y/-YAW
7 RC-Y+R Not used -Y/+YAW
8 RC+Y-R Not used +Y/-YAW

OUTPUT CHANNEL 10

Bit cMe LGC

1 RLYB 1

2 RLYB 2 oy
3 RLYB 3

4 RLYB 4

5 RLYB 5

6 RLYB 6

7 RLYB 7 Same as CMC
8 RLYB 8

9 RLYB 9

10 RLYB 10

11 RLYB 11

12 Relay Address 1

13 Relay Address 2

14 Relay Address 8

15 Relay Address 4

OUTPUT CHANNEL 11

Bit cMe LGC
1 158 Warning 1

2 Light Comp Activity Lamp

3 Light Uplink Activity Lamp

4 Light Temp Caution Lamp

5 Light Keyboard Release Lamp

6 Flash Verb and Noun Lamps

7 Light Operator Error Lamp Same as CMC
8 Spare

9 Test Connector Outhit
10 Cautfon Reset
11 Spare
12 Spare
13 Engine On
14 Engine Off
15 Spare

10
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OUTPUT CHANNEL 14

Bt
Position CMC e
1 Transmit An Outlink Bit Same As In CMC
2 Spare Altitude Rate Selection
3 Spare Transmit An Altitude Meter Bit
ot Spare Drive Thrust
5 Drive EMS Spare
6 Enable Gyro
7 Gyro Selection b
8 Gyro Selection & Same As CMC
9 Gyro Selectlon ¢ (minus sign)
10 Drive Gyro
Gyro Selection
Signals Generated By Gyro
c a b Drive Control
0 0 0 none
10 0 none
G0 GYXP Drive X Gyro Positive
18R GYXM Drive X Gyro Negative
0 GYYP Drive Y Gyro Posltive
1 Ty GYYM Drive Y Gyro Negative
G GYZP Drive Z Gyro Posltive
R GYZM Drive Z Gyro Negative
11 Drive Optics CDU §
12 Drive Optics CDU T
13 Drive IMU CDU Z Same As CMC
14 Drive IMU CDU ¥
15 Drive IMU CDU X
INPUT CHANNEL 15
Bit
Position oMo LOC
1 KEY 1 KEY 1
2 KEY 2 LoD, KEY 2 Efony
- Sk Main o LEM
Panel DSKY
1 KEY 4 s KEY 4
5 KEY 5 KEY 5
INPUT CHANNEL 16
Bit
Position SMG ag
1 KEY1) From -
2 KEY2 | Naviga- <
3 KEY3 5 tlon MARK X
1 KEY4 [ Panel MARK Y
5 KEY5 ] DSKY MARK REJECT
6 MARK \ From Optics | DESCENT +
7 MARK DESCENT -
REJECT




OUTPUT CHANNEL 12

Bit
Position CHME Lee
1 Zero Optics CDU Zero Rendezvous Radar CDU
Z Enable Optics Error Enable Rendezvous Radar
Counter Counter
3 Star Tracker On Use Low Scale Factor For
Horizon Velocity
4 Enable Coarse Alignment Same As CMC
5 Zero IMU CDU's Same As CMC
6 Enable IMU Error Same As CMC
Counter
g Spare Spare
8 SPS TVC Enable Display Inertial Data
9 Enable SIVB Take Over Trim Plus Pitch Gimbal
10 Zero Optics Trim Minus Pitch Gimbal
11 Disengage Optics DAC Trim Plus Roll Pitch Gimbal
12 Spare Trim Minus Roll Pitch Gimbal
13 Enable SIV Start Sequence Accept Landing Radar Position
Command
14 Cutoff SIV Engine Enable Rendezvous Radar Lock On
15 188 Turn On Delay Same As CMC
Completed
OUTPUT CHANNEL 13
Bit
Position o e
1 Spare Radar Mode Selection ¢
2 Spare Radar Mode Selection b
3 Spare Radar Mode Selection a
4 Spare Transmit a Control Signal To Radar
Signals Generated By Radar Control
a b (Used In LM Only)
0 0 0 \ None
0 0 1 | RRRANG Supply Rendezvous Radar Range Data
0 1 0 | RRRARA Supply Rendezvous Radar Range Rate
G v ¢ None
1 0 0 | LRXVEL Supply Landing Radar X Velocity Data
3l e LRYVEL Supply Landing Radar Y Velocity D'\ta
3 LRZVEL Supply Landing Radar Z Velocity
1 1 1 | LRRANG Supply Landing Radar Range s
T
5 [ Inhibit Uplink Enable Crosslink
e } Same As CMC
7 Downlink Order Bit |
8 Enable BMAG Counter 1 Enable RHC Counter
9 | spare | Start RHC Read
10 | T
11 Enable Standby
12 Reset Trap 81-A
13 Reset Trap 31-B S S
14 | Reset Trap 32
15 Enable TERUPT l

1




22

INPUT CHANNEL 30

Bit
Position (g IGL
1 Ullage Thrust Present Abort
2 Service Module Separation Stage Verification
3 SPS Ready Englne Armed
1 SIVB Separation Stage Abort
5 Lift Off SIVB Auto Throttle
6 Guidance Reference Release | Inertial Data Display
7 Optics CDU Fail Rendezvous Radar CDU
Fail
8 Spare Spare
9 IMU Operate Same As CMC
10 Saturn Control G&N Control
11 IMU Caged
12 IMU CDU Fail
13 IMU Fail Same As CMC
14 ISS Turn On Request
15 Temperature Within Limits
INPUT CHANNEL 31
Bit ¥
Position oMG J Hog
1 + Pitch Command From +EL (LPD) + PM1
Manual Rotation Control
2 - Pitch Command From -EL (LPD) - PM1
Manual Rotailon Control
3 + Yaw Comm: + ¥M1
Manual Rotation Control
4 - Yaw Command From - ym1
Manual Rotation Control
5 + Roll Command F; + AZ (LPD) + RM1
Manual Rotation Control
6 - Roll Command From - AZ (LPD) - RM1
Manual Rotation Control
7 + X Translation Command
From Manual Translation
Control
] - X Translation Command
From Manual Translation
9 + Y Translation Command
Manual Translation
Control
10 - Y Translation Command Same As CMC
From Manual Translation
Control
1 + 2 Translation Command
rom Manual Translation
trol
12 - Z Translation Command
From Manual Translation
Control
13 Hold Function Attitude Hold
14 Free Function Auto Stabilization
15 Guidance Control, Auto Attitude Control Out Of
Pilot Control Detent
INPUT CHANNEL 32
Bit
Position S Leg
1 + Pitch Minimum Impulse Thruster 2-4 Fall
2 - Pltch Minimum Impulse Thruster 5-8 Fall
3 + Yaw Minimum Impulse Thruster 1-3 Fail
1 - Yaw Minimum Impulse Thruster 6-7 Fail
5 + Roll Minimum Impulse Thruster 14-16 Fail
6 - Roll Minimum Impulse Thruster 13-15 Fail
7 Spare Thruster 9-12 Fail
8 Spare Thruster 10-11 Fal
9 Spare Pitch Gimbal Fail
10 are Roll Glmbal Fail
11 LM Attached Altitude Hold
12 ar Spare
13 Spare Spare
11 Spare Spare
15 Spare Spare




INPUT CHANNEL 33

Bit
ESttion cMe LG
1 Spare Spare
2 Spare Rendezvous Radar On Automatic
3 Spare Rendezyvous Radar On Low Scale
4 Zero Optics Rendezyous Radar Data Good
5 AGC Has Control Landing Radar Data Good
6 Spare Landing Radar In Position
(Descent)
7 Spare Landing Radar In Position 2
(Hover)
8 Spare Landing Velocity Data Good
9 Spare Landing Radar On Low Scale
10 Accept Uplink Data
1n Inlink Too Fast
- Do o st Same As CMC
14 AGC War
15 Oscillator Alarm

oD
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CONTROL PULSES

Pulse Purpose

AzX Copies bits 16 through 1 of register A directly (not through WA's) into
bit positions 16 through 1 of register X.

BI5X Enters a ONE into bit position 15 of register X.

cr Inserts carry bit into bit position 1 of the Adder. This adds the
quantity one to the content of the Adder if no bit is mmed e
(from bit positions 16 to bit position 1).

CLXC Clears register X if flip-flop BRI contains a ZERO. (Used in
instruction DV E.

DVST Modiftes the content of the stage counter (ST) by complementing the
content of the next higher bit position as shown below:

Binary Octal
000 0
001 1
011 3
111 b3
110 6
100 4

EXT Enters a ONE into bit position EXT of register SQ.

G2LS Copies bits 16, 15 through 4, and 1 of register G directly (not
through WA's) into bit positions 16, 12 through 1, and 15 of
register X.

KRPT Resets interrupt priority cell.

L16 Enters a ONE into bit position 16 of register L.

12GD Copies bits 16 and 14 through 1 of register L directly (not
through WA's) into bit positions 16 and 15 through 2 of register
G; enters a ONE into bit position 1 of register G if pulse MCRO
is generated.

MONEX Clears register X and enters ONE's into bit positions 16 through 2.

MOUT Causes the generation of one minus drive pulse.

NEACOF Permits end around carry upon completion of subinstruction MP3.

NEACON Inhibits end around carry (also during WYD) until NEACO!

NISQ Causes loading of next instruction into register SQ (implies RB and
WSQ at time 12). Also resets the stage counter (ST) to 0; frees
certain restrictions; permits execution of instruction RUPT and of
all Counter Instructions.

PIFL Prevents writing into bit position 1 of register Y on control pulse
WYD if bit position 15 of register L contains a ONE. (Used in
instruction DV, )

PONEX Clears register X and enters a ONE into bit position 1.

PouUT Causes the generation of one plus drive pulse.

PTWOX Clears register X and enters a ONE into bit position 2.

RI15 ters 000015 into WA's

RIC Enters 177776 (minus one) into WA's.

R6 Enters 000006 into WA's.

RA Reads bits 16 through 1 of register A into WA's 16 through 1.

RAD Reads address of next instruction. RAD appears at last time § of an
instruction and is normally interpreted as RG. If the next instruction
is INHINT, RELINT, or EXTE: D, l'r\l) is interpreted as RZ and
S$T2 instead.

RE Reads bits 16 through 1 of register B into WA's 16 through 1

RBI Enters 000001 into WA'S

RE LT Enters 00000] into WA's if flip-flop BRI contains a ONE.

RB2 Enters 000002 into WA's

RBBK Reads the BB (both bank) configuration into the WA's, i.e., copies

the content of bit position 16 of register FBANK into WA's 16 and
15, the content of bit positions 14 through 11 of register FBANK
into WA's 14 through 11, and the content of bit positions 11 through
9 of register EBANK into WA's 3 through 1.
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Pulse Purpose

RC Reads the complenented content of register B (bits 16 through 1 of C)
into Wa's 16 tarough 1.

RCH Reads the content of the input-output channel specified by the contents
of register S; bit 15 is read into WA's 16 and 15, and bits 14 through
1 are read into WA's 14 through 1.

RG Reads bits 16 through 1 of register G and WA's 16 through 1.

RL Reads bit 16 of register L into WA's 16 and 15, and bits 14 through
1 into WA's 14 through 1.

RLIOBB Reads low 10 bits, 1.e., bits 10 through 1 of register B into WA's
10 through 1; replaces ¢(S), which include a quarter code, by a 10

bit address.

RQ Reads hits 16 through 1 of reglster Q into WA's 16 through 1.

RRPA Enters into the WA's the address of a RUPT Transfer Routine
supplied by the Interrupt Priority Control.

RSC Keads the content of the CP register specified by the content of
register S; bits 16 through 1 are read into WA's 16 througk 1

RSCT Enters into the WA's the address of a counter address supplied by
the Counter Priority Control (paragraph 30-94).

RSTRT Enters 004000 (Block II start address) into WA's.

RSTSTG Resets the stage counter to 0 (refer to DVST).

RU Reads bits 16 through 1 of Adder output gates (U) into WA's 16
through 1

RUS Reads bit 15 of Adder output e (U) into WA's 16 and 15, and bits
14 through 1 into WA's 14 through 1.

RZ Reads bits 16 through 1 of register Z into WA's 16 through 1,

sT1 Sets stage 1 flip-flop to ONE at next time 12.

sT2 Sets stage 2 flip-flop to ONE at next time 12.

STAGE Causes the execution of next subinstruction as defined by the’ content of

the stage counter (ST).
TLIS Coples bit 15 of register L into flip-flop BRI

T™Z Tests the content of the WA's for minus zero: if bits 16 through 1 are
all ONE's, flip-flop BR2 is set to ONE; otherwise BR2 is set to ZERO.

TOV Tests the content of WA's 16 and 15 for overflow: set flip-flops BR1 and
BR2 to 01 in case of positive overflow, or to 10 in case of negative overflow.

TPZG Tests the content of register G for plus zero: if hits 16 through 1 are
all ZERO's, flip-flop BR? is set to ONE; otherwise the content of BR2
1s not changed.

TRSM Tests signals XT1/ and XB7 of selection logic for the resume address
(0017) during the execution of subinstruction NDX0; {f 0017 is present,
subinstruction RSM3 is executed next by setting c(ST) = 3; otherwise

subinstruction NDX1 by setting c(ST)

TSGN Tests content of WA 16 for sign: if a ZERO, flip-flop BRI is set to
ZERO; if a ONE, flip-flop BRI is set to ONE without changing the
content of flip-flop BR2.

TSGN2 Tests content of WA 16 for sign: if a ZERO, flip-flop BR? is set to
ZERO; if a ONE, flip-flop BR2 is set to ONE without changing the
content of flip-flop BRI.

TSGU Tests content of output gate UL6 of Adder for sign: if a ZER
flip-flop BRI is set to ZERO; if a ONE, flip-flop BRI is set to ONE.

U2BBK Copies bits 16 and 14 through 11 of the Adder output gates (U) into

bit positions 16 and 14 through 11 of register FBANK, and bits 3
through 1 (of U) into bit positions 3 through 1 of register EBANK.
UZBBK may be inhibited by signal MONWBK, which is generated
if register BBANK is addressed.

WA Clears register A and writes the content of WA's 16 through 1 into
bit positions 16 through 1.




Pulse

Purpose

WALS

WB

WCH

WG

WL

WOVR

wQ

ws

WSC

wY

WY1z

WYD

Z0UT

Clears register A and writes the content of WA's 16 through 3 into bit
positions 14 through 1. If bit position 1 of register G contains a
ZERO, the content of bit position 16 of register G is entered into

bit positions 16 and 15 of register A; if bit position 1 of register G
contains a ONE, the content of output gate U 16 of the Adder is
entered into bit positions 16 and 15 of register A. WALS also

clears bit positions 14 and 13 of register L, and writes the content
of WA's 2 and 1 into these bit positions.

Clears register B and writes the content of WA's 16 through 1 into
bit positions 16 through 1.

Clears the output channel specified by the content of register S and
writes the content of WA's 16 and 14 through 1 into bit positions
15 through 1.

Clears register G and writes the content of WA's 16 through 1 into
bit positions 16 through 1, except if register S contains address
0020 through 0023 in which case the WA content is cycled or
shifted (paragraph 30-41).

Clears register L and writes the content of WA's 16 through 1 into
bit positions 16 through 1.

Tests the content of WA's 16 and 15 for positive overflow: if
register S contains 0025, counter 0024 is incremented; if register
S contains 0026, 0027, or 0030, instruction RUPT is executed

Clears register Q and writes the content of WA's 16 through 1
into bit positions 16 through 1.

Clears register § and writes the content of WA's 12 through 1
into bit positions 12 through 1.

Clear the CP register specified by the content of register S and
writes the content of WA's 16 through 1 into bit positions 16
through 1

Clears register SQ and writes the content of WA's 16 and 14
through 10 into bit positions 16 and 14 through 10.

Clears registers X and Y and carry flip-flop CI; writes the
content of WA's 16 through 1 into bit positions 16 through 1 of
register Y.

Clears registers X and Y and carry flip-flop CI; writes the content
of WA's 12 through 1 into bit positions 12 through 1 of register Y.

Clears registers X and Y and carry flip-flop CI, writes the content
of WA's 16 and 14 through 1 into bit positions 16 and 15 through 2
of register Y; writes the content of WA 16 into bit position 1 of
register Y except in SHINC sequence, or unless bit position 15 of
register L contains a ONE at PIFL, or if end around carry is
inhibited by control pulse NEACO

Clears register Z and writes the content of WA's 16 through 1 into
bit positions 16 through 1.

Enters a ONE into bit position 15 of register Z.
Enters a ONE into bit position 16 of register Z.

Causes the generation of control pulses RU, G2LS. and WALS
(used in instruction MP K).

Causes generation of control pulses A2X and L2GD (used in instruc-
tion MP K): performs read/write operations depending on the
content of bit positions 15, 2, and 1 of register L as shown:

LI5 12 Ll Read Write Carry Remember

0 0 0 - wY - -
0 0 1 RB wY - -
0 I 0 RB WYD - -
0 1 1 RC wY @ MCRO
i 0 0 RB WY - -
1 0 1 RB WYD - -
1 1 0 RC WY c1 MCRO
1 1 1 = wY - MCRO

If MCRO oce a ONE is entered into L15

Stops the generation of drive pulses.
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