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Minimum Key Rendezvous 

AUTOCHK Entered from "GOTOPOOH" and "NDUTINPT" 

If bit 7(AUTOSEQ) of FlGWRDlO = 0 : 

Return 

Set restart group 4 to cause a start at next line (priority 138) 

(Tag here "AUTOCHKl''; from "PIKUP20") 

Proceed to address specified by AUTPOINT 

REND30S Entered from "V37" if input program number in range 31-38 
and \itEFSMMATJ available 

TEMPMM = MMNUMBER + 50 (makes 31-38 into 81- 88) 

If bit 9(UTFLAG) of FLAGWRD8 = 1: 

Set bit 5(TRACKF1.G) of FLAGWRDl = 0 

Set bit 9(UTFLAG) of FLAGWRD8 = 0 

If bit 7(RNDVZF1.G) of FLAGWRDO = 0 : 

Set bit 7(AUTOSEQ) of FlGWRDlO = 1 

TS = 20 

Perform "AUTOSET" (liNDUTINPT", via "AUTOCHK", returns to next line) 

MMNUMBER = TEMPMM 

Proceed to "AUT037" 

MINKDISP 

AUTPOINT = Return address 

TS = (MMNUMBER - 50) and perform "NEWMODEX" 

Perform "RELDSP" 

TS= 000178 

Proceed to "GOPERFl": if terminate, proceed to "GOTOPOOH" 
if proceed, proceed to "STARTAUT" 
otherwise, proceed 

Set bit 7(AUTOSEQ) of FlGWRDlO = 0 

Proceed to address specified by AUTPOINT 
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STARTAUT Entered from ":MINKDISP'' 

If bit 8(AZIMFLAG) of FLGWRDll = 0: 

Set bit 8(AZIMFLAG) of FLGWRDll = 1 

If bit ll(HDSUPFLG) of FLGWRDlO = 1: 

AZIMANGL = 0 

If bit ll(HDSUPFLG) of FLGWRDlO = 0: 

AZIMANGL = ~ (i.e . 180°) 

If bit l(RENDWFLG) of FLAGWRD5 = 0: 

Set bit 5(MANEUFLG) of FLGWRDlO = 1 

Set bit 4(PTV93FLG) of FLGWRDlO = 1 

Set bit l (PCFLAG) of FLGWRDlO = 0 

Set bit ?(AUTOS~) of FLGWRDlO = 1 

Proceed to address specified by AUTPOINT 

AUTOSET 

AUTTEMP = Return address 

MMNUMBER = TS 

(effect of "option 4 11
) 

Set restart group 4 to cause a start at next line 

AUTPOINT = AUTTEMP 

Proceed to "AUT037" 

BURN HOW 

AUTTEMP = Return address 

If 'DELVLVQ l - Kdv40d4l { 0: 

TS = 41 

Proceed to second line of "AUTOSET" 

TS = 40 

Proceed to second line of "AUTOSET 11 
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P81 

Perform "MINKDISP" 

TS= 31 

Perform "AUTOSET 11 

Perform 11 BURNHOW1 I 

Proceed to second line of "P82" 

P82 

Perform "MINKDISP11 

TS= 32 

Perform "AUTOSET" 

Perform "BURNHOW1 1 

Proceed to second line of 11 P83 11 

P83 

( Perform 11MINKDISP1 I 

TS = 33 

Perform "AUTOSET" 

Perform "BURNHOW1 1 

Proceed to second line of "P84" 

P84 

Perform "MINKDISP" 

TS = 34 

Perform "AUTOSET" 

Perform "BURNHOW" 

Proceed to second line of "P85" 

P85 

Perform "MINKDISP" 

TS = 35 
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PS6 

PS7 

PSS 

Perform "AUTOSET'' 

Perform I 'BURNHOW1 I 

Proceed to second line of "PS6 11 

Perform "MINKDISP" 

TS = 36 

Perform "AUTOSET" 

Perform "BURNHOW1' 

TS = 36 

Perform "AUTOSET" 

Perform I 'BURNHOW1 I 

Proceed to second line of "PS?" 

Perform "MINKDISP" 

TS = 37 

Perform "AUTOSET" 

TS = 4S 

Perform "AUTOSET" 

Proceed to "GOTOPOOH" 

Perform "MINKDISP" 

TS = JS 

Perform "AUTOSET" 

If /DELVLVQj = 0: (all components below 2-14 m/cs .v 0.02 fps) 

Proceed to "GOTOPOOH" 

TS 52 
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Perform · 11AUTOSET 11 

If bit l(PCFLAG) of FlGWRDlO = 1: 

TS = 41 

Perform 11AUTOSET 11 

Proceed to 11GOTOPOOH 11 

Perform 11 BURNHOW1 1 

Set bit 15(PCMANFLG) of FlGWRDlO = 1 

TS= 20 

(reset in 11GYCRS 11 if torque) 

(Tag here 11 P86CONT2 11
) 

Perform 11AUTOSET 11 
( 

11 PIKUP20 11
, since PCMANFIG = 1, after R61 exits ) 

Set bit 15(PCMANFI.G) of FlGWRDlO = 0 

TS = 52 

Perform 11 AUTOSET 11 

Proceed to 11 GOTOPOOH 11 

AUTOW Entered from 11 REND4n if bit 7(AUTOSEQ) of FI.GWRDlO = 1 

If bit 5(MANEUF1G) of FI.GWRDlO = 1: 

If bit 4(PTV93FL(}) of FlGWRDlO = 1: (Tag here 11AUTOW3") 

Proceed to 11REND5C 11 (initialize W matrix) 

If bit 3(TPIMNF1G) of FI.GWRDlO = 1: 

If bit 2(FULTKFI.G) of FlGWRDlO = 0 : (have both sensors) 

Proceed to 11REND5C 11 

COUNT3MK = 1 (Tag ,here 11AUTOW4 11
) 

Proceed to 11AUTOW2 11 

If COUNT3MK -f 0: 

Proceed to 11AUTOW2" 
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If bit 3(TPIMNFI.G) of FI.GWRDlO = 1: (Tag here "AUTOWlA") 

If bit 8(P35FLAG) of Fl.GWRDlO = 1: (set in P36) 

Proceed to "REND5C" (initialize W matrix) 

Proceed to "AUTOW2" 

TS= T. ig (Tag here "AUTOWl") 

If bit l(PCFLAG) of FI.GWRDlO = 1: 

TS = Tcdh (i.e. TNSR) 

If (MARKTIME - C dt. - AGEOFW) < 0: wr J.IIle 

Proceed to "AUTOW2'' 

If (OLDMKTME - MARKTIME + Cminblktm) < 0: 

COUNT3MK = 1 

Proceed to "AUTOW2" 

TS
1 

= MARKTIME - TS 

(matrix not old enough) 

(too long since last mark) 

If TS1 ~ 0 : (note that this means if delay answering initial P3x 
display, may force initialization) ( 

Set bit 4(PTV93FLG) of FI.GWRDlO = 0 

Proceed to "REND5C" (initialize W matrix) 

If (TS + C . + C ) < 0 : 
1 fincmptm tbefcomp 

Set bit 4(PTV93FI.G) of FI.GWRDlO = 0 

Proceed to "REND5C" 

If (TS+ K3 . - Cf. t + Cb blkt - AGEOFW - C axwt' ) ~ 0: mincon incmp m rn m m J.IIle 

Set bit 4(PTV93Fl.G) of FI.GWRDlO = 1 

Proceed to "AUTOW2" 

AUTOW2 

If bit l(RENDWFI.G) of FLAGWRD5 = 0: 

Proceed to "REND5C" 

Set bit l(RENDWFI.G) of FLAGWRD5 = 1 (urmecessary) 

Proceed to "REND?" 
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P52AUTO Entered from "PRCG52" if bit 7(AUTOS:ER) of FLGWRDlO = 1 

If bit l(PCFLAG) of FLGWRDlO = 1: (i.e. before burn) 

TS = (cos CDU ) sgn DELVLVC y. y 

Set bit 6(TCOMPFLG) of FLGWRDlO = 0 

If TS <O: 

Set bit 6(TCOMPFLG) of FLGWRDlO = 1 

T§. = ~ REFSMMA'.!'_J (Tag here "P52AUT01 11
) 

If bit l(PCFLAG) of FLGWRDlO = 0: 

TS = - TS - -

If bit 6(TCOMPFLG) of FLGWRDlO = 1 : 

T§. = - T§. 

Ksmd = unit(~ REFSMMAT.o + T§.) 

~sm::i = REFSMMA'.!'.t, 

Ismd = unit ( ~smd '~ Ksmd) 

Set bit 4(PFRATFLG) of FLAGWRD2 = 1 

Proceed to "P52D 11 

(after burn) 

Entered from "P52D 11 if bit 7(AUTOSEQ) of FLGWRDlO = 1 

Proceed to "GOPERFl": if terminate, proceed to "GOTOPOOH11 

if proceed, proceed to "GYCRS 11 

otherwise, proceed 

If bit l(PCFLAG) of FLGWRDlO = 1: (before burn) 

Proceed to second line of 11GOTOPOOH11 

Perform "ALARM" (pattern 04028) 

Proceed to "PERF20 11 
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Quantities in Computations 

See also list of major variables and list of routines 

AGEOFW : See Measurement Incorporation. 

AUTPOINT: Single precision cell used for return address storage in the 
minimum key rendezvous logic. It could be considered as a "pointer" 
indicating the progress of the computations through the P& "driver 11 • 

AUTTEMP: Single precision cell used as temporary storage for information to 
be placed in AUTPOINT (to simplify some program logic and for the sake 
of restart protection). 

AZIMANGL: See Orbital and Rendezvous Navigation. 

Cbrnblktm: Single precision erasable memory constant, program notation 
11 BRNB1KTM1 1

, scale factor B28, units centi-seconds (least increment 
163.84 seconds). Used in determination of age of W matrix following 
next maneuver, for Cmaxwt. check. ime 

Cf. t : Single precision erasable memory constant, program notation 
incmp m 11 FINCMPTM11

, scale factor B28, units centi-seconds (least increment 
163.84 seconds). Used to allow for length of time of final targeting 
computation. 

r 

C axwt' : Single precision erasable memory constant, program notation 
m ime 11 MAXWTIME 11 , scale factor B28, units centi-seconds (least increment ( 

163.84 seconds). Used to determine if W matrix age will be excessive 
after next maneuver. 

C . blkt : Single precision erasable memory constant, program notation 
min m 11MINBIKTM1 1 , scale factor B28, units centi-seconds (least increment 

163.84 seconds). Used to check whether time since last mark is 
excessive (if so, COUNT3MK is set to 1). 

Ctb f : Single precision erasable memory constant, program notation 
e comp "TBEFCOMP 11

, scale factor B28, units centi-seconds (least increment 
163.84 seconds). Used to check if a sufficient time remains before the 
final targeting computation so that W matrix reinitialization should 
take place. 

C dt' : Single precision erasable memory constant, program notation 
wr ime 11WRDTIME 11

, scale factor B28, units centi-seconds (least increment 
163.84 seconds). Used to check if sufficient time has elapsed since 
the previous W matrix initialization. 

COUNT3MK: Single precision counter, scale factor Bl4, units counts, used to 
control the initialization of the W matrix after three marks accumulated 
(hence the name). It is incremented in 11REND12 11

, where it is also set 
zero after reaching 3. If non-zero, checks in 11AUTOW11

, except those 
immediately following a burn, are bypassed. 
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DELVLVQ: See Burn Control. 

K
3 

. : Single precision constant, program notation "3~CON1 1 , scale 
rruncon factor B28, units centi-seconds. Used double precision with 

octal value 000018 000028 , corresponding to 163.86 seconds or 
2. 731 minutes. 

Kd 
40

d
41

: Constant, program notation "DV40/41", scale factor B7, units 
v meters/centi-second. Value is 0.03048 x 2-7, corresponding to 

10 x 0.3048 x 0.01 x 2-7, where first term is value in fps, second 
converts to meters, third to centi-seconds, and fourth is scale factor. 

MARKTIME: See Measurement Incorporation. 

MMNUMBER: See General Program Control. 

OLDMKTME: See Measurement Incorporation. 

Tcdh: See Rendezvous Computations. 

TEMPMM: Temporary storage for program number to be used in searching the 
program tables in V37 logic (in range 81-88), scale factor Bl4, single 
precision. Used in "REND30S" to allow start-up of P20 and then 
initiation of the desired program. 

X md' Y d' Z md : See Inflight Alignment. -s - sm -s 
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Noun Definitions 

DPTEST 

If TS1 = 4, 5, 7, 10, or 13, indicate double precision (return 
to calling address +2 ) 

If TS1 = 0, 1, 2, 3, 6, 8, 9, 11, 12, or 14, indicate single 
precision (return to calling address +l ) 

GTSFOUT 

SFTEMPl = K f t 
s o TS 

Return 

GTSFIN 

SFTEMPl = K f. 
s inTS 

Return 

LODNNTAB 

NNADTEM = KntbNOUNREG 

NNTYPTEM = KntyNOUNREG 

If NOUNREG <~en: 

MIXBR = 1 

Return 

MIXBR = 2 

TS = NOUNREG - hO 

RUTMXTEM = KrtmtbTS 

TS = bits 10-1 of NNADTEM 

IDADlTEM = KidtbTS 

IDAD2TEM = K.dtb 
l TS+l 

IDAD3 TEM = K. tb 
id TS+2 

Return 

NNDF-1 

NOTE: IDADITEMi refers to: 

IDADlTEM if i = 1 
IDAD2TEM if i = 2 
IDADJTEM if i = 3 



DECDSP3 

Proceed to address given by the following table: 

TS1 Address 

0 11 DSPALARM 11 (after setting. DSPCOUNT 
1 11 DSPDCEND 11 
2 11 DEGOUTSF 11 

3 11 ARTOUTSF 11 
4 11 DPlOUTSF 11 

5 nDP20UTSF11 
6 11 0PDEGOUT 11 
7 11 DPJOUTSF 11 
8 11 HMSOUT 11 
9 11 M/ SOUT 11 

10 11 DP20UTSF11 

11 11 AROUT1SF 11 

12 "2INTOUT" 
13 "DPFRACOT' 1 

14 ''ATTERROR'' 

DEGOUTSF 

If MPAC+O ~ -0: 

Set bit 15 of MPAC+O = 0 

SFTEMPl = KdgtbO 

MPACdp = KdgtbO MPAC+O + SFTEMPl 

Proceed to 11 DSPDCEND 11 

ARTOUTSF (no shift) 

If MPAC+O = -0: 

MPACdp = -0 

Proceed to 11 DSPDCEND 11 

MPACdp = SFTEMPl MPAC+O 

Proceed to 11DSPDCEND 11 

DPlOUTSF (left shift of 14) 

Perform 11 DPOUT 11 

-19) 

MPACdp = 214 MPACtp 

Proceed to 11 DSPDCEND11 

(left shift of 14, overflow information lost) 
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DP20UTSF (no shift ) 

Perform 11 DPOUT 11 

Proceed to 11 DSPDCEND 11 

OPDEGOUT 

TS = MPAC+O 

If TS ).,+o: 

MPAC+O = MPAC+O + K20b (overflows propagate to bit 15 ) 

If TS' -0: 

MPAC+O = MPAC+o + K20b 

If MPAC+O .) 0: ( includes case where TS = -0 ) 

MPAC+O = MPAC+O + ~gl 

If MPAC+O ~ -0: 

Set bit 15 of MPAC+o = 0 

SFTEMPl = Kdgtb
2 

MPACdp = Kdgtb
2 

MPAC+O + SFTEMPl 

Proceed to 11 DSPDCEND 11 

DP30UTSF (left shift of 7 ) 

Perform 11 DPOUT 11 

MPACtp = 27 MPACtp ( left shift 7, OVFINP set if overflow) 

Proceed to 11 DSPDCEND 11 

HMSO UT 

If MIXER= 1: 

TS = NOUNADD 

If MIXER= 2: 

EBANK = bits 11-9 of IDADJTEMDECOUNT+l 

TS = 14008 + bits 8-1 of IDADJTEMDECOUNT+l 

NNDF-3 

( i.e. I DAD2TEM 
for DECOUNT = 1) 



MPACd = ETS , with sign agreement forced 
p dp 

Perform 11 SEPSECNR" 

MPACd = K 2 MPACd p sen p 

DSPCOUNT = 4 

Perform 11DSPDECWD 11 (display seconds in RJ ) 

Perform 11SEPMIN 11 

TS2 = MPAC+o 

If MPAC+l = -0: 

(whole hours ) 

MPAC = -0 dp 

If MPAC+ 1 -=f -0: 

MPACdp = ~ncn2 MPAC+l 

DSPCOUNT = 9 

Perform 11DSPDECWD 11 

If TS2 = -0: 

MPACdp = -0 

If TS2 -=f -0: 

(display minutes in R2 ) 

MPACdp = Khrcnl TS2 

DSPCOUN'l' = 14 

Perform 11 DSPDECWD 11 (display hours in Rl) 

Proceed to addres s specified by ENTRET 

M/ SOUT 

If MIXER= 1: 

TS = NOUNADD 

If MIXBR = 2: 

EBANK = bits 11-9 of IDADITEMDECOUNT+l 

TS = 14008 + bits 8-1 of IDADITEMDECOUNT+l 
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MPACd = ETS , with sign agreement forced 
p dp 

TS = MPACdp 

If ITSI ~ K 12: , mscn 

MPACd = K J sgn MPAC+O p mscn 

Perform 11 SEPSECNR 11 

If ITsj< K 12: mscn 

MPACd = MPACd + K d sgn MPAC+ 1 p p rn en 

Perform 11 SEPSECNR 11 

MPACdp = Khisec MPACdp 

DSPCOUNT = DSPCOUNT - 3 

Perform 11 DSPDC2NR 11 ( seconds in digits 4 and 5) 

CODE = 0 

COUNT = K - 2 
rdDECOUNT 

Perform 11 DSPIN 11 (blank digit 3 ) 

Perform 11 SEPMIN 11 

MPACd = K . . MPAC+ 1 
P himin 

DSPCOUNT = KrdDECOUNT 

Perform 11 DSPDC2NR 11 (minutes in digits 1 and 2) 

Proceed to second line of 11DSPDCEND 11 

SEPSECNR 

MPACtp = Kscnl MPACdp 

HITEMOUT = MPACdp 

Return 

22 MPACtp 

214 MPACtp 

(left shift 2, OVFINP set if overflow ) 

(left shift 14, overflow information lost, 
leaves seconds in MPACdp) 
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SEPMIN 

MPAC = HITEMOUT 
dp 

Set bit s 12-1 of MPAC+l =sign bit (i.e. zero magnitude, masking 
out former information on seconds) 

MPACtp = Kmncnl MPACdp 

Return 

AROUTlSF (left shift of 14, single precision operand) 

If MPAC+O = -0: 

MPAC = -0 dp 

Proceed to 11 DSPDCEND 11 

MPACtp = SFTEMPl MPAC+O 

MPACdp = 214 MPACtp (left shift of 14, overflow information lost) 

Proceed to 11 DSPDCEND 11 

2INTOUT 

Perform "5BLANK" (blanks all digits) 

Perform "+ON" 

TS = MPAC+O 

Perform 11 DSPDECVN" (puts first cell in digits 1 and 2) 

DSPCOUNT = KrdDECOUNT - 3 

If MIXBR = 1: 

TS = NOUNADD 

If MIXBR = 2: 

EBANK = bits 11- 9 of IDADl'l'EMuECOUNT+l 

TS = 14008 + bits 8-1 of IDADJT~ECOUNT+l 

MPACd = ETS 
p dp 

TS = MPAC+l 

Perform "DSPDECVN" (puts second cell in digits 4 and 5) 

Proceed to second line of "DSPDCEND" 
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DPFRACOT 

If MIXER = 1: 

TS = NOUNADD 

If MIXBR = 2: 

EBANK = bits 11-9 of IDADIT~ECOUNT+l 

TS = 14008 + bits 8-1 of IDADITEMDECOUNT+l 

MPACd = ETS 
p dp 

Proceed to "DSPDCEND" 

PUTDCSF2 

Proceed to address given by the following table: 

TS1 Address 

0 "AI.MCYCLE" (noun octal only) 
1 "BINROUND" 
2 "DEGINSF'' 
3 "ARTHINSF" 
4 "DPINSF" 
5 "DPINSF211 

6 11 OPTDEX}IN 11 

7 "DPINSF" 
8 · 11 HMSIN 11 

9 "DSPALARM" (can't load MMBSS) 
10 "DPINSF4" 
11 11 ARTINlSF' I 
12 "DSPALARM11 (can 't load XXBYY) 
13 11 DPFRACIN11 

14 "DSPALARM" (no need to load N04) 

DEGINSF 

MPACt = Kd l MPACd p gen p 

MPACt = MPACt + ~tll sgri MPAC+l 
p 1 p 

MPACtp = 2 MPACtp (left shift 1) 

Proceed to "DEGINSF2" 

DEDINSF2 

MPAC = 21 MPAC . tp tp (left shift 1) 

If overflow, set OVFINP 

If overflow, set OVFINP 

If overflow, set OVFINP 

If OVFINP set (i.e. non-zero), proceed to "Al.MCYCLE" 

- 1 MPACtp - 2 MPACtp (left shift 1) 
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If overflow takes place: 

OVFINP = 1 sgn MPAC+O 

If MPAC+O = -0: 

MPAC+o = +O 

If MPAC+O < 0: 

MPAC+O = MPAC+O + 000018 

If OVFINP = 0: 

TS == MPAC+O 

(for twos complement) 

Proceed to address specified by DECRET 

If OVFINP > 0: 

Set bit 15 of MPAC+O = 1 

TS = MPAC+o 

Proceed to address specified by DECRET 

If MPAC+O = +o: ( OVFINP is ~ 0 if come here) 

MPAC+o = 400008 

TS = MPAC+O 

Proceed to address specified by DECRET 

Set bit 15 of MPAC+o = 0 

TS = MPAC+O 

Proceed to address specified by DECRET 

ARTHINSF (left shift of 14) 

MPACtp = SFTEMPl MPACdp 

If MPAC+O f O, proceed to 11 ALivICYCLE 11 

MPACdp = 214 MPACtp (left shift of 14) 

Proceed to 11 BINROUND 11 

DPINSF2 (left shift of 7) 

MPACtp = SFTEMPl MPACdp 

MPACtp = 27 MPACtp (left shift of 7, OVFINP set if overflow) 

Proceed to second line of 11 DPINSF 11 
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OPTDfilIN 

If MPAC+O ~ -0, proceed to 11ALMCYCLE 11 

MPAC+O = MPAC+o + K 2 ngp 

MPACt = Kd n2 MPACd p gc . p 

MPACtp = MPACtp + ~tl2 

Proceed to 11DfilINSF2 11 

If overflow, set OVFINP 

HMS IN 

If bits 5-3 of DECBRNCH f 1112 : (3 decimal inputs not 
received) 

VERBSAVE = -25 (force verb 25) 

Proceed to 11 ALMCYCLE11 

MPACtp = I\vhecn MPACdp (MPACdp contains hours) 

MPACtp = MPACtp + MPAC+2 

If MPAC+O =f O, proceed to 11 ALMCYCLE 11 

MPACtp = Khrcon MPAC+l 

If MPAC+O =f O, proceed to 11ALMCYCLE 11 (input exceeded 745 hours) 

TS= 214 MPACtp (left shift 14 ) 

MPACdp = (YREG, YREGLP) (MPACdp loaded with minutes ) 

MPACt = K h MPACd p w econ p 

MPACtp = MPACtp + MPAC+2 

If MPAC+O =f O, proceed to 11 ALMCYCLE 11 

If \MPAC+ll) K59min' proceed to 11ALMCYCLE" 

TS = TS + ~neon MPAC+l 

If ITS I ~ 228 centi-seconds, proceed to 11 ALMCYCLE 11 

MPACdp = (ZREG, ZREGLP ) 

MPACtp = I\vhecon MPACdp 

MPACtp = MPACtp + MPAC+2 

(MPACdp loaded with centi-seconds) 

If MPAC+O =f O, proceed to 11 ALMCYCLE 11 
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If 'MPAC+lf) K5999sc' proceed to 11 ALMCYCLE 11 

TS = TS + MPACdp 

If fTSf ~ 228 centi-seconds, proceed to 11 ALMCYCLE 11 

Force sign agreement of TS 

ENOUNADD = TSdp 

Proceed to 11 LOADLV 11 

DPINSF4 (left shift 3 ) 

MPACtp = SFTEMPl MPACdp 

(maximum time is 228 - 1 centi
seconds, i.e. 745 h, 39 m, 14.55 
sec; or 31 d, 1 hr, 39 m, 14.55 s ) 

MPACdp = 23 MPACtp (left shift of 3, OVFINP set if overflow) 

Proceed to second line of 11 DPINSF 11 

ARTINlSF (no shift) 

MPACtp = SFTEMPl MPACdp 

Proceed to 11 BINROUND 11 

DPFRACIN 

Proceed to 4th line of "DPINSF" 

ATTERROR 

MPAC+O = - MPAC+O 

Proceed to "ARTOUTSF" 
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Quantities in Computations 

See also list of major variables and list of routines 

CODE, COUNT: See Data Input/Output. 

DECBRNCH, DECOUNT, DECRET: See Data Input/Output. 

DSPCOUNT: See Data Input/Output. 

EBANK, ENTRET: See Data Input/Output. 

HITEMOUT: Value of number of minutes in time quantity ( computed in 
11sEPSECNR 11 for use in 11SEPMIN 11), scale factor Bl6, units minutes. 
Least significant 12 bits of least significant half contain 
fractional portion of minutes, and therefore must be blanked 
in 11 SEPMIN 11 for proper computation of the number of integral 
minutes in the time argument. Least significant half 11 LOTEMOUT 11 . 

IDADITEM (I= 1,2,J): Temporary storage for information from mix:ed
noun tables ( see below) for first (Rl) , second (R2 ) , and third 
(R3) components of noun. The Rl component, of course, is displayed 
in register Rl on the DSKY, etc. 

K20b: Single precision constant, program notation 11 20BIAS 11 , scale factor 
B-3, units revolutions. Octal value is 160403, corresponding to 
about 19. 7754 °. 

·K
59 

. : Single precision constant, program notation 11 59MIN 11 , scale 
minfactor Bl4, units minutes. Value is 000738, corresponding to 

59 minutes. 

K
5999 

: Single precision constant, program notation 11 59.99SEC ", scale 
scfactor Bl4, units centi-seconds. Value is 135578, corresponding 
to 5999 centi-seconds ( or 59.99 seconds ) . 

Kbtll: Single precision constant,_p:rogram notation 11 BIT1111 . As used, 
value corresponds to C! x 2 14) of full scale, or one-half the 

least increment on the single precision result for 11 DEGINSF 11 . 

Kbtl2: Single precision constant, _program notation 11 BIT12" . As used, 
value corresponds to (! x 2-14 ) of full scale, or one-half the 
least increment on the single precision result for 11 0PTDEGIN 11 . 

Kd 1: Constant, program notation 11 DEGCONl 11 , scale factor BJ, value 
gen 5,555555555 x 2-3. Value corresponds to ( 1000/ 180 ) x 2-3, where 

first term converts from XXX:.XX 0 to B-1 revolutions, and second is 
the constant 1 s scale factor. 
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Kd 2: Constant, program notation 11 DEGCON2 11, scale factor B2, value 
gen 2.222222222 x 2-2. Value corresponds to ( 100/ 45 ) x 2-2, where 

first term converts from :X:X.XXX 0 to B-3 revolutions, and second 
is the constant's scale factor. 

K t b : Constant, program notation 11 DEGTAB 11 , scale factor BO, octal value 
dg 0056058 036568 , corresponding to decimal 0.18. Value equivalent 

to 180/ 1000, to convert from B-1 revolutions to XXX.:X:X 0
• 

Kd tb : Constant, program notation 11 DEGTAB +2 11 , scale factor BO, octal 
g 2 value 163148 314638, corresponding to decimal 0.45. Value 

equivalent to 45/ 100, to convert from B-3 revolutions to 
:x:x.xxxo. 

Khimin: Single precision constant, program notation 11 HIMINCON 11 '7 scale 
factor BO, value 233468 . Value corresponds to (0.6 + 2- ) . 

Kh. : Single precision constant, program notation 11 HISECON 11 , scale isec 14 factor BO, value 231478 . Value corresponds to (0.6 + 2- ) . 

Khrcnl: Constant, program notation 11 HRCON1 11 , scale factor B-14, 
value 0.16384. Value corresponds to lo-5 x 214. 

Kh : Constant, program notation 11 HRCON 11 , scale factor B28, units 
rcon centi-seconds. Value is 000258 371008, corresponding to 

360,000 ( or 3600 seconds ) . 

Kidtb.: Table of con~t~nts for mixed noun information, program notation 
i 11 IDADDTAB 11 , giving address and scaling routine information. 
See information below. 

K . : Single precision constant, program notation 11MINCON 11 , scale :rruncon . 
factor Bl4, units centi-seconds. Value is 135608, corresponding 

to decimal 6000 ( or 60 seconds ) . 

~ nl: Constant, program notation 11MINCONl 11 , scale factor B-2, value 
c 02104

8 
104228, corresponding to ( 1/ 60 x 22 + 2-28) , to give 

hours scaled Bl4 in MPAC+O when return from 11 SEPMIN 11 ( and fraction 
of an hour, BO, in MPAC+l) . 

~cn2 : Constant, program notation 11MINCON2 11 , scale factor BO, value 
000118 324458 . Value corresponds to 60 x io-5. 

K 
3

: Constant, program notation 11 M/ SCON3 11 , scale factor B28, units 
mscn centi-seconds. Va l ue is 000258 370168, corresponding to 

359,950 centi-seconds ( or 59 minutes 59.5 seconds ) . 
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K 12 : Notation assigned to effect in program of constants 11M/SCONl 11 

mscn and "M/SCON2 11 , both single precision with octal values 777538 and 411268 respectively. The constants information, for program 
convenience, is stored in negative form (with magnitude of each 
decremented by one least increment for convenience i n forming the 
absolute value ) . Th~ net effective value in the program of the 
combined constant ( scale factor B28, units centi-seconds ) is 
000258 366528, corresponding to 359,850 centi-seconds ( 59 minutes 
58.5 seconds ) . A value of time of this value or more would be 
displayed in 11M/SOUT 11 as 59 59, with appropriate sign. 

~ : Single precision constant, program notation 11MIXCON 11 , scale 
cnfactor Bl4, value 000508, corresponding to a noun of 40. Nouns 

of thi s value or above are considered "mixed nouns". 

Kngl: Single precision constant, program notation 11 NEGl 11 , scale f act or 
B-3, units revolutions, used to convert from two s complement to 
ones compl ement information . Value is - 2-14 (minus one least 
increment ) . 

Kngp2: Single precision constant, program notation 11 NEG .2 11 , value 
715278 . Octal value equivalent to - 62508: since the constant 
is added to information scaled XX.XXX: 0

, value corresponds to 
100 x ( - 0.197754 ) , or - 19.7754° ( cf. K2ob ) . 

~tb.: Table of constant s, program notation 11 NNADTAB 11, for loading 
l NNADTEM. See information below. 

~ty ·: Table of constants, program notation 11 NNTYPTAB 11 , for loading 
l NNTYPTEM. See information below . 

Krd : See Data Input/ Output. 
I 

Krndcn: Constant , program notation 11 RNDCON -111 , scale factor B28, units 
centi~seconds. Value is 000003 000623, corresponding to 

50 centi-seconds (0 .5 second). 

K tmtb. : Table of constants used to specify scaling routines for mixed 
r .lnouns, program notation 11 RUTMXTAB11 • See information below 

(i s used to load RUTMXTEM). First table cell is for noun 40. 

K 1: Constant, program notation 11 SECONl 11 , scale factor B-12, value 
sen l.666666666E-4 x 212, corresponding to (1/6000 ) x 212(to convert 

centi-seconds scaled B28 to minutes scaled Bl6, cf. HITEMOUT). 

K 2: Constant, program notation 11 SECON2 11 , scale factor BO, value 
sen 017278 012178 . Va lue corresponds to 60 x lo-3. 
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Ksfin : First of a set of input constants selected in 11 GTSFIN 11 , located 
0 in consecutive cells starting at 11 SFINTAB 11 • Value is 000068 
OJ2408, scale factor B28. Value corresponds to 105 x 2-28, 
to convert from the fraction produced by 11 NUM' 1 to an integer with 
scale factor B28. 

K f" : Constant, value O, not assigned. s in1 
Ksfin

2
: Constant, value O, used to set initial condition for SFTEMPl 
for use in 11 DEGINSF 11 and 11 0PDEGIN 11 • The scaling routine itself 

selects the appropriate scaling constants. 

K f" : Constant, value 107073 OJ4J58 , scale factor BO. Value 
s inJcorresponds to one least increment more than (100 x l/J60), 

to convert from an input of XX:.X:XX 0 to BO revolutions. Since 
there are 221 gyro pulses per revolution, the constant could also 
be considered to convert to gyro pulses, scale factor B21. 

Ksfin : Constant, scale factor BJ, value 1J0708 J4J458 . Value co~3es-
4 ponds to one least increment more than (1000 x l/J60) x 2 , 
to convert from X:XX.XX: 0 to BJ revolutions (hence use Routine #10, 
11 DPINSF4 11 , to shift result left J for a scaling of BO revolutions). 

Ks fin : Constant, value 000058 216168, scale factor Bl4. Value 
5corresponds to (1000 x 1/180) x 2-14, to convert from X:XX.XX: 0 

to B-1 revolutions (after performing a left shift of 14). 

K f" : Constant, value 261138 31713g, sca116factor BO. Value 
s in6 corresponds to 105 x 0.45359237 x 2- , to convert between 

XXXXX. pounds and Bl6 kilograms (single precision). 

Ksfin : Constant, value 00070~ 204608A scale factor BO. Value 
7 corresponds to ioJ x 1852 x 2 G9, to convert between XXX.XX 
nmi and meters scaled B29 (there are 1852 meters in a nautical 
mile). 

Ksfin : Constant, value 01065g 057408A scale factor BO. Value 
8 corresponds to 104 x 1852 x 2 G9, to convert between :XXXX.X 
nmi and meters scaled B29 (there are 1852 meters in a nautical 
mile) . See K f t . 

s 0 8 

K f. : Constant, value 11414g 314638, scale factor BJ. Value 
s in9 corresponds to 105 x lo-2 x 0.3048 x 2-7 x 2-3, for the 

net value to convert from XXXXX. feet/second to BlO meters/ 
centi-second (hence use Routine #10, 11 DPINSF411

, to shift result 
left 3 for scaling of B7 meters/centi-second). 
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Ksfin : Constant, value 074758 160518, scale factor BO. Value 
lO corresponds to 104 x lo-2 x 0.3048 x 2-7, in order to 
convert between XXX:X: .X fps and meters/centi-second with scale 
factor B7. 

K f' : Constant, value 000018 034348, scale factor Bl.4. Value 
s in11 2 ( I 14 corresponds to 10 x 1 90) x 2- , to convert from XX.XXX 0 

to B-2 revolutions (after performing a left shift of 14 via 
Routine #3, 11ARTHINSF11 ). 

Ksfin : Constant, value 000028 222458, scale factor BJ._4. Value 
12 corresponds to 103 x (3600/85 .41) x 2-1.4 x 2- 14 minus one 
least increment, to convert between XXX.XX 0 and Bl.4 11 CDU 
actuator pulses 11 (after performing a left shift of 14 via 
Routine #3, 11 ARTHINSF 11 ) . There are 85 .41 arc seconds · per 
CDU actuator pulse. 

K f' : Constant, value
7

000148 356078, scal~0facto14Bl4. Value 
s in13corresponds to 10 x 1.3558179~8 x 2- x 2- , to convert 

between XXXXXbb. slug-feet2 and B20 kilogram-meters2 (after 
performing a left shift of 14 via Routine #3, 11 ARTHINSF 11 ) . 

The 11 bb 11 means that the input is in units of 100 slug-feet2. 
Same constarit could also be used to convert between XXXXXbb. 
foot - pounds and B20. newton-meters. Constant is not used (since 
functions are computed in 11 FIXCW11 as determined from inputs 
of vehicle mass). 

K f' : Constant, value 076068 063008, scale factor BJ. Value 
s inl4 corresponds to one lea~t increment more than 105 x 

(1/25766 .1973) x 2-l x 2- , to convert between XXXXX. fps 
and Bl VSAT units (used in entry, where 1 VSAT = 25766.1973 fps), 
after performing a left shift of 3 via Routine #10, 11 DPINSF411 • 

Ksfin : Constant, value 166318 113078, scale factor BO. Value 
15 corresponds to 104 x (1/21622.4965), to convert between 
XXXX.X nmi and BO revolutions. The denominator conversion 
value corresponds to 2Trx 6373338 / 1852, i.e. an earth 
radius equal to the value of K d (see Burn Control) used 
to derive circumference. rpa 

K f' : Constant, value 12000g 000008 , scale factor B7. Value 
s inl6 corresponds to lo3 x (I/25) x 2-7, to convert between 

XXX.XX g's and BO 11G-units 11 (25 g 1s, as used in Entry Computations), 
after performing a left shift of 7 via Routine #5, 11 DPINSF211

• 

K f' : Constant, value 27176 14235 , scale f~ctor BO. Value 
s inl7 corresponds to 104 x (~/3441.~272) x 2- , to convert between 

XXXX.X nmi and radians scaled B2 (using the pad radius given 
for K f. ) • 

s inl5 
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- 19 K f' : Constant, value 304SO x 2 , scale factor BO. Value 
s inl8 corresponds to 105 x 0.3048 x 2-19, to convert between XXX.XX. 

feet and meters scaled Bl9 (there are 0.3048 meters in one foot). 

Ksfin : Const~nt , value J0.48 x 2- b, sc~le factor B?. Value corresponds 
19 to 104 x 0.3048 x lo- 2 x 2 x 2 '1, to convert between XXXX:.X fps 
and BO meters/centi- second (first term is for XXXX:.X fps, second 
converts to meters, third converts to centi-seconds, fourth is for 
scaling of final answer, an:l fifth is scale factor of constant), 
after a left shift of 7 via Routine #5, "DPINSF2 11

• 

K f' : Constant, value 1.42213543 x 2-14, seal~ factor Bl4. Value 
s in20 corresponds to~lO x (1/360) x (1/10) x 2~ x 2- 14, to convert 

between X.XXXX degrees/sec and revolutions/deci- second scaled B- 9 
(first term is for X.XXXX degrees/second, second converts to 
revolutions, third converts to deci- seconds, fourth is for scaling 
of final answer, and fifth is scale factor of constant), after a 
left shift of 14 via Routine #3, 11 ARTHINSF". Value should be 1.422222. 

- 14 K f' : Constant, value ~.62962963 x 2 , scale factor Bl4. Value 
s in21 corresponds to 105 x (1/360) x (1/60) x 2° x 2-~4, to convert 

between XXXXX. arc minutes and revolutions scaled BO (first term 
is for XXXXX. arc minutes, second converts to revolutions from 
degrees, third converts to degrees from minutes, fourth is for scaling 
of final answer, and fifth is scale factor of constant), after a 
left shift of 14 via Routine #3, 11ARTHINSF 11

• 

~ ( K f ' : Constant, value O.J048E2 x
6
2 , scale factor BO. Value corresponds 

s in22 to 104 x 0 .3048 x 10- 2 x 2- , to convert between XXXX.X fps and 
meters/centi- second scaled B6 (first term is for XXXX: .X fps, second 
converts to meters, third to centi- seconds, and fourth is for scaling 
of final answer) . 

- 23 K f' : Constant, value 1852EJ x 2 , scale factor BJ. Value corresponds 
s in23 to lo3 x 1852 x 2- 20 x 2-3, to convert between X.XX.XX nmi and meters 

scaled B20 (first term is for X.XX.XX nmi, second converts from nautical 
miles to meters, third is for scaling of final answer, and fourth is 
scaling for constant) , after a left shift of 3 via Routine #10, 
11DPINSF4 11 

• 

K f' : Constant, value 0.022222222~ scale factor BO. Value corresponds 
s in24 to 10 x (1/360) x (1/10) x 2~, to convert between X.XXXX degrees/ 

second and revolutions/deci- second scaled B-3 (first term is for 
X.XXXX degrees/second, second converts to revolutions, third converts 
to deci- seconis, and fourth is for scaling of final answer). 

K f t : First of a set of output constants selected in 11GTSFOUT 11
, 

s 0 0 located in consecutive cells starting at 11SFOUTAB 11
• Value i~ 

051748 132618, scale factor BO, with value corresponding to 10- x 
214, to convert from an integer with scale factor Bl4 to XXXXX . 

K · Constant, value 0, not assigned. sfot1 ' 
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K sfot2 : Constant, value O, used to load SFTEMPl with proper initial 
value for use in "DIDOUTSF" and 11 0PDIDOUT". 

K ft : Constant, value 00714.g 3~63g, 7cale factor B7 . Value 
s 0 3 corresponds to (360) x 10- x 2- , to co~yert from BO 

revolutions to :XX.XXX0 • Since there are 2 gyro pulses per 
revolution, the constant could also be considered to convert 
from gyro pulses scaled B21. 

K f t : Constant, value 13412g 07534g, scale factor BO. Value 
s 0 4 corresponds to (360) x lo-3, to convert from BO revolutions 

to XXX .:xx0
• 

K f t : Constant , value 05605g 036568, scale factor BO. Value 
s 0 5 corresponds to (lSO) x lo-3, to convert from B-1 revolutions 

to :X:XX .XX.0 • 

K f t : Constant , value gooo18 16170g, scale factor B~ Value 
s 0 6 corresponds to 21 x (1/0 .45359237) x lo-5 x 2- , to 

convert between Bl6 kilograms and :XXXXX. pounds. 

K fot : Constant , value 004418 34306g, sc~3e factor Bl4. Value 
s 7 corresponds to 229 x (I/1S52) x 10 x 2-14, to convert 

between B29 meters and X:X:X:.:XX runi. 

K ft : Constant, value 07176g 216038 , scale factor B7 . Value 
s 0 g corresponds to (229) x (l/1S52) x 10-4 x 2-7, to convert 

between B29 meters and X.XXX.X runi (there are 1S52 meters in a 
nautical mile) . For N73, converts from units of meters/100 
(computed by P21) to XXXXXb. runi. 

K f t : Constant, value 15340g 15340g, scale factor BO (equality of 
s 0 9 two halves of constant is correct). Value corresponds to 

(100 x 27/o.304s) x lo-5, to convert from the navigation scaling 
of velocity (B7 meters/centi-second) to :XXXXX. fps. · 

K ft : Constant, value 010318 21032g, scale factor B7. Value 
s 0 10 corresponds to (100 x 27/o.304S) x lo-4 x 2-7 plus one least 

increment, to convert from the navigation scaling of velocity 
(B7 meters/centi-second) to :XX:XX.X fps. 

K f t : Constant, value 346318 2~146g, scale factor BO. Value 
s 0 11 corresgonds to (90) x io- , to convert from B-2 revolutions 

to :XX.XXX • 

K f t : Constant, value 14340 24145g,~~cale f~ctor BO. Value 
s 0 12 corresponds to (S5.41~600) x 2.14 x 10- , to convert between 

Bl4 "CDU actuator pulses 11 and XXX.XX0 • There are s5.41 arc 
seconds per CDU actuator pulse. 
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K f Constant, value 023638 037218, scale factor BO. Value 
s otl3 corresponds to 220 x (l/~ .355817948) x 10-7, to ~onvert 

between B20 kilogram-meters and XXXXX:bb. slug-feet (the 
11 bb 11 means that output is in units of 100 slug-feet2). 
Same constant could also be used to convert between B20 newton
meters and XXX:XXbb. foot-pounds. Constant is not used (see 
K f' ). 

s inl3 

Ksfot
14

: Constant, value 203738 021228, scale factor BO. Value 
corresponds to 21 x 25766.1973 x 10-5, to convert between 

Bl VSAT units and XXXXX.. fps (one VSAT is 25766.1973 fps, used 
in entry). 

K ft Constant, value 00424g 30446g, scale factor B7. Value 
s 0 15 corresponis to 21622.4965 x lo-4 x 2-7, to convert between 

BO revolutions and XXXX:.X nmi (see K f' ). 
s 1.Ill5 

K f t : Constant, value 006318 231468, scale factor BO. Value 
s 0 16 corresponds to 25 x 10 3, to convert between BO 11G-units 11 

(25 g 1s, as used in entry computations) and XXX.XX: g 1s. 

K ft Constant, value 00260g 062138, scale factor B7. Value 
s 0 17 corresponds to 3441.3272 x 22 x lo-4 x 2-7, to convert 

between B2 radians and XXXX.X nmi (using pad radius, see 
K f' ) . 

s 1.nl7 

K ft : Constant, value 17.2010499 x 2-7, scale factor B7. Value 
s 0 18 corresponds to 219 x (1/0 .3048) x lo-5 x 2-7, to convert 

between Bl9 meters and XXXX:X. feet (with a left shift of 7 places 
due to scaling of the constant). 

Ksfot Consbant, ~alue 0 .032808399, sgale factor BO. Value corresponds 
19 to 2 x 10 x (1/0.3048) x 10- , to convert between BO meters/ 
centi-second and XXXX:.X fps: first term is for original scaling, 
second converts to seconds, third converts to feet, and fourth is 
display scale. 

K f t : Constant, value 0.703167914, scale factor BO. Value corresponds 
s 0 20 to ""2-9 x 360 x 10 x 10-1, to convert between revolutions/deci

second and X.XXXX: degrees/second: first term is for original B-9 
scaling of rev/deci-second, second converts to degrees, third converts 
to seconds, and fourth is display scale. Value of constant should be 
0.703125: actual value is reciprocal of K f' • 

s in20 

K f t : Constant, valu~ 0.216, scale factor BO. Value corresponds to 
s 0 21 360 x 60 x 10-), to convert between BO revolutions and XXXXX. 

arc minutes (first term converts to degrees, second to minutes, and 
third is display scale). 
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K f t : Constant, value 6.280839896E-2 x 2 2 , sca14 fact9r B7. Value 

s 0 22 corresponds to 2 x (1/0.3048) x 10 x 10- x 2- , to convert 
between B6 meters/centi-second and XXX:X.X fps: first term is for 
original scaling, second converts to meters, thin:l converts to 
seconds, fourth is display scale, and fifth is scaling of constant. 

20 
K f t : Constant, value2g.5399568E-6 x 2 j scale factor BO. Value 

s 0 23 corresponds to 2 x (1/1852) x 10- , to convert between B20 
meters and XXX.XX nmi. 

K ft : Constant, value 45 x 2-7, scale factor B7. Value corresponds to 
s 0 24 2-3 x 360 x 10 x lo-1 x 2-7, to convert between revolutions/deci

second scaled B-3 and X.XXXX degrees/second: first term is for 
original scaling, second converts to degrees, third converts to 
seconds, fourth is display scale, and fifth is scaling of constant. 

K h : Constant, program notation "WHOLECON 11
, value 000068 03240

8
, 

w econ scale factor B28. Value corresponds to 105 x 2-28 (to 
"compensate " for the scaling done in "NUM") . 

MIXER: Single precision cell, scale factor Bl4, set in "LODNNTAB" to 
1 for a "normal" noun and to 2 for a "mixed" noun. 

NNADTEM: Temporary storage cell, single precision, loaded in 11 LODNNTAB 11 

with the value of ~tb corresponding to NOUNREG contents . See 
information below. I 

NNTYPTEM: Temporary storage cell, single precision, loaded in 11 LODNNTAB 11 

with the value of ~ty corresponding to NOUNREG contents. See 
information below. I 

NOUNADD, NOUNREG: See Data Input/Output . 

OVFINP: See Data Input/Output . 

RUTMXTEM: Temporary storage cell, single precision, loaded in 11 LODNNTAB 11 

with value of Krtmtb for "mixed nouns" only. See information below. 
I 

SFTEMPl: Temporary storage cell used to contain the appropriate value 
of Ksfin or Ksfot , used for angle bias information (if any) in 

I I 
11 DEGOUTSF 11 and 11 0PDEGOUT 11 • 

VERBSAVE : See Data Input/Output. 

YREG, YREGLP: See Data Input/Output (YREGLP described for LPREG) . 

ZREG, ZREGLP: See Data Input/Output (ZREGLP described for LPREG) . 
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Noun Table Interpretation 

11 Normal 11 Nouns 
MIXBR = 1 

Kt bits 15-11 contain the "component code number", interpreted as 
n y follows: 

Bit 15 is 1 if no loading of information by use of the 
noun with verbs 24 or 25 is allowed. 

Bit 14 is 1 if only decimal input/output by use of the noun 
is allowed (i .e. no octal verbs may be used). 

Bit 13 is not assigned. 

Bits 12-11 give information on the number of components: 

002 for one component 

012 for two components 

102 for three components 

K bits 10- 6 contain the 11 scale factor routine code number", used nty in 11 DECDSP3 11 and 11 PUTDCSF2 11 to transfer to the proper scaling 
routine. 

Knty bits 5-1 contain the "scale factor constant code number", used in 
11 GTSFOUT 11 and 11 GTSFIN 11 to select the proper scaling constant. 

Kntb gives the machine address information with the following 
interpretations: 

+O if noun not assigned. 

-0 if previous address to be incremented by +l. 

-1 if a channel is to be loaded or read (channel number is 
supplied as another input). 

<-1 (usually 400008) if an octal erasable memory address is 
to be supplied as another input. 

)+O if the octal erasable memory address is given (for the 
first component). 
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"Mixed" Nouns 
MIXER= 2 

Knty bits 5-1, 10- 6, and 15-11 contain the "scale factor constant 
code number", used in 11 GTSFOUT 11 and 11 GTSFIN", for component 
#1, # 2, and #3 respectively. 

Kntb bits 15- 11 contain the "component code number", with the same 
bit assignments as for bits 15-11 of Knty for normal nouns. 

~tb bits 10-1 contain the relative address (with respect to the start 
of the Kidtb table, program notation 11 IDADDTAB 11 ) of the information 
in t .hat table for the first component of the noun. Is 3(NOUNREG - 40). 

K.dtb gives the octal erasable memory address for the individual 
l component (if the noun is three components, three consecutive 

cells are used). · 

Krtmtb bits 5-1, 10-6, and 15-11 contain the "scale factor routine 
code number", used in 11 DECDSP3 " and 11 PUTDCSF2 11 , for component 

#1, #2, and #3 respectively. 

Notes for Noun Table Information 

1. A decimal display of "hr ,mn, sc 11 appears as: OO:X:XX:. hr 
OOOXX:. mn 
OXX: .XX: SC 

2. A decimal single-register display of "mn, , sc 11 appears with minutes 
in the first two digit s of the register and seconds in the last two 
digit s. The middle (third) digit is blank. Maximum magnitude is 59 59. 

3. Vector-type quantities are displayed with the first (e.g. X) 
component in Rl, the second component in R2, and the third in R3. 

4. Single component nouns appear in Rl only. 

5; If an output quantity is larger than the capacity of the display 
register scaling, it generally will be displayed modulo that 
capacity: this assumes, of course, that the basic cell itself 
as stored in memory has not overflowed . If velocity increment of 
12000 fps experienced on an XX:XX.X fps scale for display, it would 
be expected to show 2000(.)0. This arises from the fact that the 
K fct constants convert the information into the range 0 - 0.99999, 

wi\:.lfsubsequent .display output generated by multiplying by 10 and 
using the integral part of the result (in 11 DSPDCWDl11) . ' Multiplication 
by the Ksfot constant takes place before any scaling shifts. 
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Noun Table Information 

No Dec. Num- Rou- Con- Decimal 
Noun Cell Load Only ber tine stant Display Quantity 

00 +o 0 0 0 Not assigned. 

01 400008 3 1 0 .xxxxx Address supplied. 

02 400008 3 3 0 xxxxx. Address supplied. 

03 400008 3 2 2 xxx.x:x:o Address supplied. 

04 AK x x 3 ~ 5 xxx.x:x:o FDAI error needles. 

05 DSPTEMl 2 3 5 xx:x:.xxo Angle error. 
DSPTEMl+l Sighting angle. 

06 OPTIONl 2 0 0 Octal Option codes. 
OPTION2 

07 XREG 3 0 0 Octal Address of word. 
YREG Bits to be changed. 
ZREG If ~O, reset; if 

>O, set bits: see 
"ABCLOAD" (V25 only). 

08 ALMCADR 3 0 0 Octal Alarm data. 
AL_MCADR+l 
ER COUNT l 

09 FAILREG 3 0 0 Octal Alarm codes. 

10 -1 1 0 0 Octal Channel supplied. 

11 T csi x 3 8 0 hr,mn,sc NCC ignition time . 

12 OPTIONX 2 0 0 Octal Option codes. 
OPTIONX+l 

13 Tcdh x 3 8 0 hr,mn,sc NSR ignition time. 

14 TRKAZ 2 3 21 XX:X:X:X: • min Star tracker angles. 
TRKEL 

15 -0 1 0 0 Octal Increment address. 

16 DSPTEMX x 3 8 0 hr,mn,sc Time of event. 

17 CPHJ:K 3 2 2 xxx.xx0 V63 FDAI base angles 
(V60E loads with N20). 

18 THETAbl 3 2 2 xxx.xx0 Ball angles for 
attitude maneuver. 
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No Dec. Num- Rau- Con- Decimal 
Noun Cell Load Only ber tine st ant Display Quantity 

19 TRKAZOCT 2 0 0 Octal Special star tracker 
TRKAZOCT+l octal azimuth display . 

20 CD!I 3 2 2 xxx.xx:o Present I CDU angles. 

21 PIP! 3 3 0 XX:XXX. cnt Accelerometer cells. 

22 THETAQ 3 2 2 xxx.xx:o Desired ICDU angles. 

23 THETAJ2. 3 2 . 2 xxx.xx:o Docking angles. 

24 DSPTEM2+ldp x 3 8 0 hr,mn,sc Delta time for clock. 

25 DSPTEMl 3 3 0 xx:xxx. Checklist information. 

26 N26dPRI 3 0 0 Octal Priority/Delay and 
N26d2CAD 2CADR address for 
N26d2CAD+l V30 and V31 . 

27 SMODE 1 3 0 xxxxx. Computer self-
test switch. 

28 NC2TIG x 3 8 0 hr,mn,sc NC2 ignition time. 

29 DSPTEMl x 1 2 2 xxx . xx 0 Ksm launch azimuth. 
( 

30 DSPTEMl 3 3 0 xx:xxx. Target codes. ' 

31 AGEDFW x 3 8 0 hr,mn,sc Time of r/v W matrix. 

32 mTPER x 3 8 0 hr ,mn,sc Time from pericenter. 

33 T. ig x 3 8 0 hr,mn,sc. Time of "ignition" . 

34 DSPTEMldp x 3 8 0 hr ,mn,sc Time of event. 

35 T 
to go x 3 8 0 hr ,mn,sc Time from event. 

36 T now x 3 8 0 hr ,mn,sc AGC clock. 

37 Ttpi x 3 8 0 hr,mn,sc TPI ignition time • 

38 Tet x 3 8 0 hr ,mn,sc State vector time. 

39 LASTTIG x 3 8 0 hr,mn,sc Last maneuver (P38) . 

40 x x 3 

T to go 9 0 mn, ,sc Time from event. 

VGDISP 7 10 XX:XX:.X fps I Ygl value . 

\. ' DVTOTAL 7 10 XXXX.X fps Velocity accumulated. 
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No Dec. Num- Rau- Con- Decimal 
Noun Cell Load Only ber tine stant Display Quantity 

41 2 

DSPTEMl sp 2 2 xxx.xx:O Target azimuth. 

DSPTEMl+l · 3 11 xx.:xxxo Target elevation . sp 

42 x 3 

HAPO 7 8 xxxx.x nmi Apo. altitude. 

HPER 7 8 xxxx .x nmi Per. altitude. 

VGDISP 7 10 XXXX.X fps Required velocity 
change . 

43 x 3 

LAT 10 4 xxx .xx0 Latitude. 

LONG 10 4 xxx .xx0 Longitude . 

ALT 7 8 xxxx .x nmi Alti tude . 

44 x x 3 

HA POX 7 8 xxxx .x nmi Apo . altitude. 

HPERX 7 8 xxxx .x nmi Per . alti tude . 

TFF 9 0 mn, ,sc Time from interface 
altitude . 

45 x x 3 

VHFCNT/ 12 0 VH, , TR VHF marks ( Dl and D2) . 
TRKMKCNT Optics marks (D4 & D5). 

T to go 9 0 mn, , sc Time from event. 

pMGA 10 4 xxx.x:xo Predicted middle gimbal 
angle (if +) . 

46 2 

DAPDATRl 0 0 Octal DAP code word #1 . 

DAPDATR2 0 0 Octal DAP code word #2. 
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No Dec. Num- Rau- Con- Decimal 
Noun Cell Load Only ber tine stant Display Quantity 

47 x 2 

CSMMASS 11 6 :x:xxxx. lbs CSM mass. 

LEMMA SS 11 6 :x:xxxx. lbs LM mass. 

48 x 2 

PACTOFF 3 12 xxx.:x:xo Pitch SPS trim. 

YACTOFF 3 12 xxx.:xxo Yaw SPS trim. 

49 x 3 

N49DISP 4 7 xxx.xx nmi Position change . 

N49DISP+2 7 10 :XXXX .X fps Velocity change . 

N49DISP+4 3 0 :x:xxxx . Source code (1 for 
optics, 2 for VHF). 

50 x x 3 I 

( RSPmRREC 7 15 :xxxx .x nmi Splash error. 

HPERX 7 8 :xxxx.x nmi Per. Altitude. 

TFF 9 0 mn, ,sc Time from interface 
altitude. 

51 +o 0 0 0 Not assigned. 

52 1 

ACT CENT 10 4 xxx .:x:xo Active vehicle(CSM) 
central angle. 

53 x 3 

RANGE 4 7 xxx.xx nmi Range from target. 

RRATE 7 10 :XXXX .X fps Range rate . 

RTHETA 10 4 xxx.:xxo Angle Phi (R34). 
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No Dec. Num- Rou- Con- Decimal 
Noun Cell Load Only ber tine stant Display Quantity 

54 x 3 

RANGE 4 7 xxx:.xx nmi Range from target. 

RRATE 7 10 XXXX.X fps Range rate. 

RTHEI'A 10 4 xxx.xx0 Angle Theta (R31/P37) · 

55 x 2 

NNl 3 0 xxxxx. Count. 

El.EV 10 4 xxx.xx0 Elevation angle. 

56 x x 3 
ADOT 7 24 X.XX:XX0 /sec Vehicle rate (from DAP). 

57 x 3 

HALFREVS 3 0 xxxxx. Half revolutions. 

DHNCC 7 8 XXXX.X nmi NCC altitude difference. 

DELHl 7 8 XXXX.X nmi NSR altitude difference. 

58 x 3 (NOTE that is not ''No Load") 

DELVTPI 7 10 XXXX.X fps Delta-V for burn. 

DELVTPF 7 10 XXXX.X fps Final phase burn. 

T2TOT3 9 0 mn, ,sc TPI slip. 

59 x 3 

DVLO§ 7 10 XXXX.X fps Delta-Y in line-of-
sight coordinates. 

60 x 3 

GMAX 3 0 xxx.xx g Max. drag predicted. 

VP RED 10 9 XXXXX. fps Predicted velocity 
400 kft above Fischer. 

GAMMAEI 10 4 xxx . .xxo Predicted flight 
path angle with VPRED. 
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No Dec. Num- Rou- Con- Decimal 

(1 Noun Cell Load Only ber tine stant Display Quantity 

61 x 3 

LATSPL 10 4 xxx.:x:x:o Target latitude. 

LNGSPL 10 4 xxx .:x:x:o Target longitude. 

HEADS UP 3 0 xxxxx. Heads up/down. 

62 x 3 

VMAGI 10 9 xxxxx. fps Inertial velocity . 

HDOT 10 9 xxxxx. fps Altitude rate. 

ALTI 7 8 :x:x::x:x: • x runi Altitude above base 
radius magnitude. 

63 x x 3 

RTGO 7 15 :x:x::x:x: • x runi Range from EMS 
altitude to splash. 

VIO 10 9 XXXXX. fps Predicted velocity 
at EMS altitude. 

( 
TTE 9 0 mn, ,sc Time from EMS 

altitude. 

64 x 3 

D 5 16 xxx.:x:x: g Drag acceleration. 

VMAGI 10 9 XXXXX:. fps Inertial velocity . 

RTGON67 7 15 :x:x::x:x: • x runi Range to target . 

65 x 3 

Tst 0 hr,rnn,sc Sampled AGC clock. 

66 x 3 

ROLLC 10 4 xxx .:x:x:o Cormnanded roll angle. 

LATANG 7 17 :x:x::x:x: • x runi Cross-range error. 

DNRNGERR 7 15 :x:x::x:x: • x runi Down-range error. 
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No Dec. Num- Rou- Con- Decimal 
Noun Cell Load Only ber tine stant Display Quantity 

67 x 3 

RTGON67 7 15 xxxx.x nmi Range to target. 

LAT 10 4 xxx.xx0 Latitude. 

LONG 10 4 xxx.xx0 Longitude. 

68 x 3 

ROLLC 10 4 xxx.xx0 Commanded roll angle. 

VMAGI 10 9 xxxxx. fps Inertial velocity. 

RDOT 10 14 xxxxx. fps Altitude rate. 

69 x 3 

ROLLC 10 4 xxx .xx0 Commanded roll angle. 

Q7 5 16 xxx.xx g Drag at skip- out. 

VL 10 14 XXXXX . fps Skip- out velocity . 

70 1 
( 

STARCODE 0 0 Octal Source/Body code. 

71 1 

STARCODE 0 0 Octal Source/Body code. 

72 x 3 

FIXTIME 8 0 hr,mn,sc R27 optimization time. --

73 3 

P21ALT 7 8 XXXXX:b. rur~ Altitude (P21 output m/100). 

P21VEL 10 9 XXXXX. fps Velocity . 

P21GAM 10 4 xxx.xx0 Flight path angle. 

74 3 

ROLLC 10 4 xxx.xx0 Commanded roll angle . 

VMAGI 10 9 XXXXX. fps Inertial velocity. 

D 5 16 xxx.xx g Drag acceleration. 
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No Dec. Num- Rou- Con- Decimal 
Noun Cell Load Only ber tine stant Display Quantity 

75 x x 3 

DIFFALT 7 8 x:x:xx.x nmi NSR Delta Altitude. 

TlTOT2 9 0 mn, ,sc TPI- NSR time . 

T2TOT3 9 0 mn, ,sc TPI-NOMTPI time . 

76 x x 3 

SVEC 10 23 XXX.XX nmi R27 current range. 

SVEC+2 7 22 XXXX.X fps R27 current range rate. 

TFO 9 0 mn, ,sc Time from R27 optimization . 

77 x J . 

OPVEC 10 23 xxx.xx nmi R27 optimized range. 

OPVEC+2 7 22 XXXX.X fps R27 optimized range rate. 

PHETA 10 4 xxx.xx0 R27 angle. 

78 x 3 

( UTYAW 10 4 xxx.xx0 
P20 ''yaw" angle. 

UT PIT 10 4 xxx.xx0 P20 "pitch" angle. 

AZIMANGL 10 4 xxx.xx0 P20 "azimuth" angle. 

79 x 2 

RATEPTC 3 11 X.XXXX0 / sec Rate ("R67START" divides 
by 10) , P20 opt. #2 . 

DBPTC 2 2 xxx.xx0 Deadband for P20. 

80 x x 3 

T to go 9 0 mn, ,sc Time from event. 

VGDISP 10 9 xxxxx. fps !Ygj value. 

DVTOTAL 10 9 xxxxx. fps Velocity accumulated. 

81 x 3 

DELVLVQ. 7 10 XXXX.X fps Delta-Y in local vert. 
coordinates. 

\. 
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No Dec. Num- Rau- Con- Decimal 
Noun Cell Load Only ber tine stant Display Quantity 

82 x 3 

VGNSR 7 10 X.XXX.X fps NSR velocity change. 

83 x 3 

DELVIMQ. 7 10 X.XXX.X fps Delta-J[ in control 
coordinates. 

84 x 3 

DVDS Pl 7 10 X.XXX.X fps Next maneuver Delta V. 

DHDSP 7 8 XXXX.X nmi Next maneuver Delta H. 

DVDSP2 7 10 X.XXX.X fps Third maneuver Delta V. 

85 x 3 

v 7 10 X.XXX.X fps v in control -gbody -;§ordinates. 

86 x 3 

DELVLVC 10 9 XXXXX. fps Delta-V in local vert. 
coordinates. ( 

87 3 

DAPDATR3 0 0 Octal Docked DAP configuration. 

CH5FAIL 0 0 Octal Channel 5 jet inhibit. 

CH6FAIL 0 0 Octal Channel 6 jet inhibit. 

88 x 3 

STARSAVJ. 13 0 . :xxxxx "Planet" vector . 

89 2 

DKRATE 3 20 x.xxxx0 /sec Docked DAP maneuver rate. 

DKDB 3 5 xxx.xx0 Docked DAP deadband. 

90 x 3 

YCSM 4 7 xxx.xx nmi CSM out-of-plane pas. 

YD OTC 7 10 XXXX.X fps CSM out-of-plane vel. 

YDOTL 7 10 XXXX.X fps OWS out-of- plane vel. 
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No Dec. Num- Rou- Con- Decimal 
Noun Cell Load Only ber tine stant Display Quantity 

91 2 

CDUS 2 2 xxx.:xxo Optics shaft angle. 

CDUT 6 2 xx:.xxxo Optics trunnion angle. 

92 2 

SAC 2 2 xxx.xx:o Desired optics shaft. 

PAC 6 2 xx:.x:xxo Desired optics trunnion. 

93 3 

OGQ 7 3 xx:.xxxo Gyro torquing angles. 

94 2 

MRKBUF1+3 2 2 xxx.xx:o Alternate LOS shaft. 
sp 

MRKBUF1+5 sp 6 2 xx:.xx:xo Alternate IDS trunnion. 

95 x 3 

NClTIG 8 0 hr,mn,sc NCl ignition time. 

( 96 x 3 

RANGE 4 7 X.XX.XX: nmi CSM out-of-plane pos. 

RRATE 7 10 XX:XX:.X fps CSM out- of-plane vel. 

RRATE2 7 10 XX:XX:.X fps OWS out-of-plane vel. 
97 3 

DSPTEMl 3 0 xxxxx. System test inputs. -sp 

98 .3 

DSPTEM2 3 0 x:xx:xx. System test results. sp 

DSPTEM2+1 1 0 .:xx:xxx System test results. sp 

DSPTEM2+2 3 0 x:xx:xx. System t est results. sp 

99 x 3 

WWPOS 7 18 xxx::xx. ft Position W-rnatrix 
error/initialization. 

WWVEL 5 19 XX:XX:.X fps Velocity W-rnatrix 
error/initialization. 

WWOPT 3 0 x:xx:xx. Option code. 
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Quantities in Noun Tables 

ACTCENT: See Rendezvous Computations. N52 

ADOI. : See Digital Autopilot RCS Routines. N56 

AGEOFW: See Measurement Incorporation. N31 

AK: See Digital Autopilot Interface Routines. N04 

ALMCADR: See General Program Control. N08 

ALT: See Coordinate Transformations . N43 

ALTI: See Boost Computations. N62 

AZIMANGL: See Orbital and Rendezvous Navigation. N78 

CD~: Major Variable. N20 

CDUS, CDUT: See Optics Computations . N91 

CH5FAIL, CH6FAIL: See Digital Autopilot Docked Jet Selection. N87 

CPHJK: See Digital Autopilot RCS Routines. Nl7 

CSMMASS: See Digital Autopilot Interface Routines. N47 

D: See Entry Computations. N64, N74 

DAPDATRl, DAPDATR2 : See Digital Autopilot Interface Routines. N46 

DAPDATR3: See Digital Autopilot .Docked Jet Selection . N87 

DBPTC : See Orbital and Rendezvous Navigation. N79 

DELVIMQ.: See Display Computations . N83 

DELVLVQ.: See Burn Control. N81, N86 

DELHl: See Rendezvous Computations. N57 

DELVTPF, DELVTPI: See Burn Control. N58 

DHDSP: See Rendezvous Computations . N84 

DHNCC: See Rendezvous Computations. N57 

DIFFALT: See Rendezvous Computations. N75 

DKDB, DKRATE: See Digital Autopilot RCS Routines . N89 

DNRNGERR: See Entry Computations. N66 
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DSPI'EMl: Major Variable. N05, N25, N29, NJO, N34, N41, N97 

DSPI'EM2: Major Variable. N24, N98 

DSPI'EMX: See Display Computations. Nl6 

DVDSPl, OVDSP2: See Rendezvous Computations. N84 

DVLO§: See Burn Control. N59 

DVTOTAL: See General Program Control. N40, N80 

ELEV: See Rendezvous Computations. N55 

ERCOUNT: See Testing Routines. N08 

FAILREG: See General Program Control. N09 

FIXTIME: See Orbital and Rendezvous Navigation. N72 

GAMMAEI: See Display Computations. N60 

GMAX: See Display Computations. N60 

HALFREVS: See Burn Control. N57 

HAPO: See Burn Control . N42 

HAPOX : See Display Computations. N44 

HDOT: See Boost Computations. N62 

HEADSUP: See Entry Preparation. N61 

HPER: See Burn Control. N42 

HPERX: See Display Computations. N44, N50 

LASTTIG: See Burn Control. N39 

LAT : See Coordinate Transformations. N43, N67 

LATANG: See Entry Computations (tag also XRNGERR). N66 

LATSPL: See Display Computations. N61 

LEMMASS: See Digital Autopilot Interface Routines. N47 

LNGSPL: See Display Computations. N61 

LONG: See Coordinate Transformations. N43, N67 

MRKBUFl+J: See Optics Computations. N94 

MRKBUF1+5: See Optics Computations. N94 
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mTPER: See Display Computations . N32 

N26d.2CAD, N26d2CAD+l, N26dPRI: See Data Input/Output. N26 

N49DISP, N49DISP+2, N49DISP+4: See Measurement Incorporation. N49 

NClTIG: See Burn Control. N95 

NC2TIG: See Burn Control. N28 

NNl: See Rendezvous Computations. N55 

O}Q: See Coordinate Transformations. N93 

OPTIONl, OPTION2 : See Display Interface Routines. N06 

OPTIONX: See Display Computations. Nl2 

OPVEC : See Measurement Incorporation. N77 

P21ALT, P21GAM, P21VEL : See Orbital and Rendezvous Navigation. N73 

PAC: See Coordinate Transformations. N92 

PACTOFF: See Digital Autopilot TVC Routines. N48 

PHETA : See Orbital and Rendezvous Navigation . N77 

PIPA : See IMU Computations. N21 

pMGA : See Display Computations . N45 

Q7: See Entry Computations . N69 

RANGE: See Display Computations. N53, N54, N96 

RATEPTC: See Attitude Maneuvers. N79 

RDOT: See Entry Computations . N68 

ROLLC: See Entry Computations. N66, N68, N69, N74 

RRATE: See Display Computations. N53, N54, N96 

RRATE2: See Display Computations. N96 

RSPmRREC: See Display Computations . N50 

RTGO: See Display Computations. N63 

RTGON67: See Entry Computations. N64, N67 
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RTHETA: See Display Computations. N53, N54 

SAC: See Coordinate Transformations . N92 

SMODE: See Testing Routines. N27 

STARCODE: See Inflight Alignment. N70, N71 

STARSAVl: See Inflight Alignment. N88 

SVEC: See Measurement Incorporation. N76 

Tcdh : See Rendezvous Computations. Nl3 

T . : See Rendezvous Computations . Nll 
CSl 

Tet: See Orbital Integration. N38 

T. : Major Variable. N33 ig 

T : Major Variable . N36 now 

Tst: See Data Input/Output. N65 

Tt : See Burn Control. N35, N40, N45, N80 ego 

Tt . : See Rendezvous Computations. N37 pl 

TlTOT2: See Burn Control. N75 

T2TOT3 : See Burn Control. N58, N75 

TFF : See Display Computations . N44, N50 

TFO : See Orbital and Rendezvous Navigation. N76 

THETAQ: Major Variable. Nl8, N22, N23 

TRKAZ: See Inflight Alignment . Nl4 

TRKAZOCT : See Inflight Alignment. Nl9 

TRKEL: See Inflight Alignment . Nl4 

TRKMKCNT : See Measurement Incorporation. N45 

TTE: See Display Computations . N63 

UTPIT, UTYAW : See Orbital and Rendezvous Navigation. N78 

V · See Burn Control. N85 -gbody· 

VGDISP : See Burn Control. N40, N42, N80 
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VGNSR: See Rendezvous Computations. N82 

VHFCNT: See Measurement Incorporation. N45 

VIO: See Display Computations. N63 

VL: See Entry Computations. N69 

VMAGI: See Boost Computations/Entry Computations. N62, N64, N68, N74 

VPRED: See Display Computations. N60 

WWOPT, WWPOS, WWVEL: See Measurement Incorporation. N99 

XRED: See Data Input/Output. N07 

YACTOFF: See Digital Autopilot TVC Routines , N48 

YCSM, YDOTC, YDOTL: See Burn Control. N90 

YREG: See Data Input/Output. N07 

ZREG: See Data Input/Output. N07 
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Internal Noun Uses 

Listed below are the routines which cause the values of particular 
nouns to be displayed, together with the associated verb used for the 
initial display generation (which is sometimes written over with 
another verb) . 

Noun Using Routine (Verb) 

01 . "OHWELLl" (21) ; 11 0HWELL2" (21); 11SOPTION 11 (05) 

02 "UPVERIFY 11 (21) 

03 Manual initiation only (angle data, address-to-be-specified) 

04 Manual initiation only (FDAI error needle information) 

05 11R54" (06) 

06 See Checklist and Option Codes 

07 Manual initiation only (with V25, to change flag/channel bits) 

08 Manual initiation only (Alarm data) 

09 See the 11 D11 Error Codes (used with V05) 

10 Manual initiation only (channel- to-be - specified) 

11 11P33 11 (06) 

12 See Checklist and Option Codes 

13 11P33" (06); "P34 11 (06) 

14 11R53DISP 11 (06); 11 TRKSTAR 11 (06) 

15 11anual initiation only (increment machine address) 

16 11R36 11 (06) ; "V82GOFF1 11 (06) 

17 Manual initiation only (V63 FDAI error base angles) 

18 11 TOBALL1 1 (06) ; "TQBALL1 1 (06 replaced by 50); "V89RECL" (06) 

19 11 TRKSTAR" (04) 

20 "GYCRS" (16) 

21 Manual initiation only (accelerometer cells) 

22 "IMUATTCK" (25); 11P51A 11 (06); 11P52D" (06); 11P62 . l1' (06); 
11R62DISP 11 (06) ; 11 UPCONTRL" (06); WVBCOARK 11 (25) 
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Noun Using Routine (Verb) 

23 11 0AVECS 11 (06) 

24 11 ALINTD1E" (25) 

25 See Checklist and Option Codes 

26 Manual initiation only (verb 30 and 31 parameters) 

27 Manual initiation only (computer self-test switch) 

2g "P32 11 (06) 

29 11 AZMTHCGl 11 (06) 

30 11 GCOMPVER 11 
( 05, written over by V06N41.) ,_,. 

31 Manual initiation only (time of last r/v W matrix initialization) 

32 Manual initiation only (time from pericenter computed in R30) 

33 "P30' 1 (06); t1p3g11 (06); "P77" (06) 

34 11 PASSOUT 11 (06) ; 11 P200PT 11 (06); "P21PROG1 11 (06); "P52B11 (06) 

35 Manual initiation only (h,m,s display of e.g.Rl of N40) 

36 Manual initiation only (computer clock) 

37 "P31 11 (06); 11 P32 11 (06); 11 P33 11 (06); "P34/P74C" (06); "P35 11 (06) 

3g Manual initiation only (state vector time, Tet) 

39 ttp3g 11 ( 06) 

40 "CLOCK JOB 11 
( 06 replaced by 97 or 99); 11 POSTBURN 11 

( 16); 
11 P40SXTY 11 (06) ; 11 TIG-0 11 (06); 11TIGAVEG11 (06); "V97E" (06); 
"V97P" (06) ; "V99P 11 (06) 

41 11 GCOMPVER 11 
( 06, after N30 loads R3) 

42 11 P30' 1 (06) 

43 "LONGPASS 11 (06, Rl and R3 blanked); 11 PASSOUT 11 (06); 11 P21PROG2 11 (06) 

44 11 vg2cALL" (16) ; 11 vg2GOFLP 11 (16) 

45 11 P30 11 (16) ; "R23CSM1 11 (16 replaced by 53); 11 VN1645 11 (16) 

46 11 DONOUN46 11 (04) 
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Using Routine (Verb) 

47 11 DONOUN46 11 (06) 

48 11 DONOUN46 11 (06) 

49 11 RENDISP2 11 (06, priority display) 

50 Manual initiation only (optional R30 display, Rl computed 
in POO and Pll only) 

52 Manual initiation only (central angle of transfer computed 
in P35 and P36) 

53 "R31CALL" (16) 

54 "R31CALL" (16) 

55 "P34/P74C" (06); "P35" (06) 

56 Manual initiation only (DAP-derived vehicle rates) 

57 "P31" (06) ; "P32'1 (06, Rl blanked) 

58 "P34/P74C" (06) 

59 "P35/P75B" (06) 

60 11 NEWRNVN 11 (06) 

61 11P61 11 (06) ; "P62 .l" ( 06) 

62 11 VHHDOT 11 (06) 

63 11NEWRNVN 11 (16) 

64 11 P63 11 (06) 

65 Manual initiation only (sampled computer clock) 

66 "PREFINAL" (06) 

67 11P67 .111 (16) 

68 Manual initiation only (entry quantities) 

70 "R51DSP11 ( 01); 11 TRKSTAR 11 ( 01); "VlN70DSP 11 
( 01) 

71 "R53C" (01) 
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Noun Using Routine (Verb) 

72 "P25CSM11 (06); "V76CALL" (06) ; "72SHOWX" (06) 

73 Manual initiation only (quantities computed in P21) 

74 "INITROLL" (06) 

75 "P33/P73B" (06) 

76 "BOTHSHOW" (16); "P47BODY" (16) 

77 "BOTHSHOW" (16); "P47BODY" (16) 

78 "DOV6N78" (06); "V64PERF" (06); "V89CALL 11 (06, R3 blanked) 

79 11 DOV6N7811 
( 06) 

80 Manual initiation only (R2 and R3 different scales from N40) 

81 "NC12H" (06); "N81DISP" (06); "P30" (06); "P33/P73B" (06); 
"P34/P74C" (06); "P38RECYC" (06); "P77" (06) 

82 "NCCDMP7+17" (06) 

83 "P47BODY 11 (16) 

84 "NC12DH" ( 06) 

85 "P40SXTY" (06); "TIGAVEG" (16); 11 TIGNOW1 1 (16) 

86 Manual initiation only (different scaling from N81) 

87 "DKDISP" (05) 

88 "PLANET" (06); "VlN70DSP" (06) 

89 "DONOUN89" (06, R3 blanked) 

90 Manual initiation only (out- of-plane parameters) 

91 Manual initiation only (optics CDU angles) 

92 "R53CHK" (06); "VBCOARK" (24) 

93 "GCOMPVER" ( 06); "IMUFINEK II (25); "R55 II ( 06) 

94 "R23CSM11 (06); "R56' 1 (06); 11 V64PERF 11 (06) 

95 "P31" (06) 
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Noun Using Routine (Verb) 

96 11R36 11 (06) 

97 Manual initiation only (DSPTEMl cells for system test inputs) 

9g 11 SHOW1 1 (06) 

99 11 GarOPOOH 11 (37, which then blanks noun); 11 V67CALL11 (06) 

( 
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Optics Computations 

OPTTEST Entered from "PROCEEDE" every 0.24 seconds 

TS = CDUS 

TSl = (TSI - K45dg 

If TS1 ~ 0: 

ZONE = 0 

If TS1 > 0: 

If ZONE = 0: 

ZONE = TS 

If OPTIND ~ - 0: 

If OPTIND <. - 0: 

(Tag here "OP'l'DRIVE") 

Set bit 8(TVC Enable) of channel 12 = 0 

Resume 

If SWSAMPLE < 0: (Zero optics mode) 

Resume 

If SWSAMPLE = 0: (Manual mode) 

If bit 8(TVC Enable) of channel 12 = 0: (Tag here "TVCBCK 11 ) 

Set bit 8(TVC Enable) of channel 12 = 1 

Resume 

If bit lO(ZROPTFIN) of OPTMODES = 0: (Tag here "RATEDRVl") 

Perform "ALARM" (pattern 01208) 

If bit 2(Enable Optics CDU Error Counters) of channel 12 = 0: 

Set bit 2(Enable Optics CDU Error Counters) of channel 12 = 1 

Resume 

COMMANDS = (DESOPTS - CDUS), rescaled to Bl revolutions . The ones 
complement difference of the twos complement numbers is formed, 
and a rourided shift employed in the rescaling from B- 1 to 
Bl revolutions. 
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TS = DESOPTT - CDUT (treated as ones complement numbers) 

If I TSI < 2-3 rev (45°): 

COMMANDT = (DESOPTT - CDUT), rescaled to B-1 revolutions. 
The ones complement difference of the twos complement 
numbers is formed, and a rounded shift employed in the 
rescaling from B-3 to B- 1 revolutions. 

COMMANDT = +MAX sgn TS 

OPTIND = +O 

TS = 0 
1 

(ITEMPl tag) 

If \CDUS' - K90dg) 0 : (i.e . 2nd or 3rd quadrant) 

If ZONE f 0: (should be) 

If sgn ZONE = sgn COMMANDS : (+O is +, - 0 is - ) 

TS2 = \DESOPTS I 
If sgn ZONE f sgn COMMANDS: 

TS2 = +MAX 

If TS2 - K90dg ~ 0 : (i.e. DESOPTS 1st or 4th quad.) 

COMMANDS = - COMMANDS 

If SWSAMPLE = 0 : 

CDUSCMD = - 0 

CDUTCMD = - 0 

(Manual mode; Tag "CMDSETUP") 

(Tag here "RATEDRV2") 

Set bits 12-11 (Gate outputs from CDUiCMD, i = T, S) of 
channel 14 = 1 

Resume 

Set bit 8(TVC Enable) of channel 12 = 0 
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Perform the following for i = S,T : (Tag here "CMDSET") 

If COMMANDi = 0 : 

CDUiCMD = - 0 

If COMMANDi f 0: 

TS
1 

= TS
1 

+ 1 (non- zero co:rmnand required) 

TS = lCOMMANDil + K mxpsl 

If TS ). 0 : 

CDUiCMD = - K sgn COMMANDi rnxps 

If TS ~ 0: 

CDUiCMD = COMMANDi 

If TS
1

) 0 : 

Set bits 12-11 (Gate outputs from CDUiCMD, i = T, S) of 
channel 14 = 1 

Resume 

OPTMON --- Entered from 11 PROCEEDE 11 every 0 .48 seconds 

TS = bit ?(Optics CDU Fail complement) of channel 30 

I f TS f bit 7(0CDUFBIT) of OPTMODES : 

Per form "0CDUFTST 11 

If OPTJND = - 0 : 

Resume 

If OPTJND < 0: 

(note that bi t 7 of OPTMODES not updated) 

(set -1 by e .g . "INITSUBA 11 ) 

Set bit 2(Enable Optics CDU Error Counters) of channel 12 = O 

Set bit 7(0CDUFBIT) of OPTMODES = TS 

Set bi ts 5-4(0PMD1BIT, OPMD2BIT) of OPTMODES = bits 5- 4 (Computer Control 
of Opti cs complement and Zero Optics Mode complement) of channel 33 

If bits 5-4 of C31FLWRD f 002 : 

Set bi ts 5-4 of OPTMODES = bits 5- 4 of C31FLWRD 

If bits 5-4 of OPTMODES = 112: 

SWSAMPLE = 0 (Manual mode) 
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If bits 5-4 of OPTMODES f 112 : 

If bit 5(0PMD1BIT) of OPTMODES = 0: 

SWSAMPLE = 15 (Computer Control) 

If bit 5(0PMD1BIT) of OPTMODES = 1: 

SWSAMPLE = -1 

If DESOPMOD > 0: (previous cycle Computer Control; Tag 11 PROCESSW") 

If SWSAMPLE > 0: (still Computer Control; Tag "CSCDES") 

DESOPMOD = SWSAMPLE 

Resume 

If SWSAMPLE <:: 0: (from Computer Control to Zero) 

Proceed to "CSCTOZOP" 

Proceed to "CSCTOMAN1 1 (from Computer Control to Manual) 

If DESOPMOD = 0 : (previous cycle Manual mode) 

If SWSAMPLE > 0: (from Manual to Computer Control ; Tag "MANUDES") 

WTOPTION = 0 

ZOPTCNT = 0 

Proceed to "CSCTOMAN 11 

If SWSAMPLE = 0 : (still Manual) 

WT OPTION = WTOPTION - 1, limited~ +O 

DESOPMOD = SWSAMPLE 

Resume 

If WTOPTION = 0: (from Manual to Zero) 

Proceed to "CSCTOZOP 11 

Proceed to second line of "CSCTOZOP11 
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If DESOPMOD < 0: (as it will) (previous cycle Zero optics) 

If SWSAMPLE > 0: (from Zero to Computer Control; Tag 11ZOPI'DES 11
) 

If bit 3(ZOPTCS) of OPI'MODES = 0: (Tag "ZTOCSC 11 ) 

Proceed to 11 CSCTOMAN 11 

Perform 11ALARM11 (pattern 0116g) 

Set bits 3- 2 (ZOPI'CS, OCDUINITT) of OPI'MOIJES = 0 

Set bit l(Zero Optics CDU) of channel 12 = 0 

WTOPI'ION = 0 

ZOPI'CNT = 0 

Proceed to 11 CSCTOMAN'' 

If SWSAMPLE = 0 : (from Zero to Manual) 

If bit 3(ZOPTCS) of OPI'MODES = 0: 

Proceed to 11 CSCTOMAN" 

Perform 11ALARM" (pattern 0116g) 

WTOPI'ION = 11 

(Tag 11ZTOMAN11 ) 

Set bits 3-2 (ZOPI'CS, OCDUINITT) of OPI'MODES = 0 

Set bit l(Zero Optics CDU) of channel 12 = 0 

Proceed to "CSCTOMAN 11 

If bit 3(ZOPI'CS) of OPI'MODES = 0: 

DESOPMOD = SWSAMPLE 

Resume 

If ZOPI'CNT > 0: 

ZOPI'CNT = ZOPI'CNT - 1 

DESOPMOD = SWSAMPLE 

Resume 

(still Zero) 

Set bit l(Zero Optics CDU) of channel 12 = 1 (Tag 11 SETZOEND") 
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(If DESOPMOD < 0) : 

Call "ENDZOPI'" in 0.20 seconds 

DESOPMOD = SWSAMPLE 

Resume 

ENDZOPI' 

CDUS = 0 

ZONE = 0 

CDUT = - K20degs 

Set bit l(Zero Optics CDU ) of channel 12 = 0 

Delay 0 .20 seconds 

Set bit lO(ZROPTFIN) of OPTMODES = 1 

Set bits 3-2 (ZOPTCS, OCDUINHT) of OPI'MODES = 0 

Perform 11 0CDUFTST 11 

End of task 

OCDUFTST 

If bit ?(Optics CDU Fail complement) of channel 30 = 0: 

If bit 2(0CDUINHT) of OPI'MODES = 1: 

Return 

If bit 8 of DSPTAB+ll = 0: 

Set bit 8(Tracker ) of DSPI'AB+ll = 1, and flag for 
output at next opportunity 

Return 

If bit l (LMPTSTBT) of IMODES33 = 1: 

Return 

If bit 8 of DSPTAB+ll = 1: 

Set bit 8 (Tracker) of DSPTAB+ll = O, and flag for output 
at next opportunity 

Return 

OPTC- 6 

( 



CSCTOZOP 

ZOPTCNT = 32 

WTOPTION = 0 

Set bits 3-2 (ZOPTCS , OCDUINHT) of OPTMODES = 1 

Set bit 8(TVC Enable) of channel 12 = 0 

Set bit 2(Enable Optics CDU Error Counters) of channel 12 = 0 

DESOPMOD = SWSAMPLE 

Resume 

CSCTOMAN 

If OPT IND ~ +0 : 

Set bit 2 (Enable Optics CDU Error Counters) of channel 12 = O 

Call "ECENAB11 in 0.06 seconds 

DESOPMOD = SWSAMPLE 

Resume 

ECENAB 

If SWSAMPLE = 0: (Manual mode) 

Set bit 8(TVC Enable) of channel 12 = 1 

Set bit 2 (Enable Optics CDU Error Counters) of channel 12 = 1 

End of task 

SXTMARK 

Perform "TESTMARK" 

MARKINDX = 1 

OPTCADR = Return address (to routine calling 11 SXTMARK 11
) 

Proceed to 11 MKVB5l11 
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TESTMARK Entered from 11R56" and "SXTMARK 11 

If bits 3-2 of EXTVBACT f 002 : 

Proceed to 11 BAILOUT 11 (pattern 312llg) 

Set bit 2 of EXTVBACT = 1 

Return 

MKRELEAS (Tag also 11MKRIEES 11
) 

Inhibit interrupts 

OPTIND = -1 

MARKINDX = 0 

Set bit 4(MARKFLG) of FLAGWRDl = 0 

Release interrupts 

R.eturn 

MKVB51 

Perform 11KLEENEX. 11 

Proceed to 11MKVBDSP 11 

MKVBDSP 

TS = 5100 
vn 

Proceed to 11 GOMARK4 11
: if terminate, proceed to "TERMSXT" 

if proceed, proceed to 11 ENTANSWR 11 

otherwise, proceed to 11MKVB5X 11 

ENTANSWR 

Establish 11ENDEXT 11 (priority 24g) 

Change priority of present job to 13g (allows 11ENDEX.T 11 to be executed) 

Proceed to address specified by OPTCADR 

MKVB5X 

If MARKINDX > 0 : 

Proceed to 11MKVB51 11 

Proceed to 11 MKVB50 11 
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MKVB50 

DSPTEMl = 00016g 

TS = 5025 vn 

Proceed to 11GOMARK411 : if terminate, proceed to 11 TER.MSXT 11 

if proceed, proceed to "ENTANSWR 11 

otherwise, proceed to ''MKVB5X" 

TERMSXT 

Perform 11 CLEARMRK 11 

Perform ''MKRELEAS 11 

If MODREG = 03: 

Proceed to 11GCOMP5 11 

Proceed to 11GOTOPOOH11 

MARKRUPT Entered after receipt of program interrupt #6, navigation 
panel DSKY key code or optics mark/mark reject 

MKCDUT = CDUT 

MKCDUS = CDUS 

MKCDUY = CDU 
y 

MKCDUZ = CDU z 

MKCDUX = CDU x 

MKT2Tl = T now 

Tst = MKT2Tl 

If bit 6(0ptics Mark) of channel 16 = 1: 

TS = C cduchkwd, limited )/ 1 centi- second 

Call 11MARKDIF 11 in TS centi- seconds 

Resume 

If bit ?(Optics Mark Reject) of channel 16 = 1: 

Proceed to 11MKREJECT 11 

TS1 = bits 5-1 (DSKY input) of channel 16 
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If TS1 f 0: 

Proceed to 11KEYCOM11 

Perform 11ALARM11 (pattern 0113 8) 

Resume 

MARKDIF 

If C d hkwd ) 0: 
C UC 

If any IMKCDUi - CDUi I (i = X,Y,Z) 

Perform 11 ALARM11 (pattern 0121
8

) 

End of task 

If bit 14(R21MARK) of FLAGWRD2 = 1: (Tag here 11MARKCONT 11
) 

Proceed to 11 PUTMARK 11 

If MARKINDX = 0: 

Perform 11ALARM11 (pattern 01148 ) 

End of task 

MARKINDX = MARKINDX - 1 (Tag her e 11MARK2 11
) 

Set bit 4(MARKFI.G) of FLAGWRDl = 1 

Proceed to 11 PUTMARK 11 

PUTMARK 

MRKBUFl+i = MKj (i = 0- 6; j = T2Tldp' CDUY, CDUS, CDUZ, CDUT, CDUX) 

If bit 14(R21MARK) of FLAGWRD2 = 1: 

End of task 

Proceed to 11MARKDONE 11 

MARKDONE 

If MARKINDX = 0: 

Established 11MKVB5X 11 (priority 228 ) 

End of task 
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MKREJECT 

If bit 14(R21MARK ) of FLAGWRD2 = 1: 

If MRKBUFl ~ 0: (i.e. last mark not yet being processed by R22 ) 

MRKBUFl = -1 

Resume 

If bit 7(R22CAFW ) of FLAGWRD9 = 1: (set by "RENDl 11
) 

Set bit 12 (REJCTFW ) of FWWRDlO = 1 (for "REND?" use ) 

Resume 

If bit 4(MARKFW) of FLAGWRDl = 0: 

Perform "ALARM" (pattern 01108) 

Resume 

Set bit 4(MARKFW ) of FLAGWRDl = 0 

MARKINDX = MARKINDX + 1 

Establish "MKVBDSP " (priority 228 ) 

(Tag here "REJECTJ ") 

Resume (Note that "KLEENEX 11 bypassed, so may have more than F V51 
on DSKY, e.g. N25 and Rl = 000168 also ) 

R23CSM Established by "GOTOR23 " for a V54E 

Set bit 14(R21MARK ) of FLAGWRD2 = 0 

MRKBUFl = -1 

Change priority of present job to 278 (higher than R22) 

TS = 0694 vn 

Proceed to "GOXDSPF 11
: if terminate, proceed to "R21END" 

if proceed, proceed 
otherwise, proceed to previous line 

Proceed to "R2JCSM1" 

R23CSM1 

TS = 5345vn 

Proceed to "MARKMONR " : if terminate, proceed to "R21END" 
if proceed, proceed to "R21END" 
otherwise, proceed 
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Inhibit interrupts 

MRKBUFld = T p now 

MRKBUF1+2 = CDU 
y 

MRKBUF1+4 = CDU 
z 

MRKBUFl +6 = CDU x 

Release interrupts 

Proceed to 11R23CSM1 11 

R21END 

Perform 11KLEENEX 11 

MRKBUFl = -1 

(MRKBUF1+3 and MRKBUF1+5 loaded by N94 
in 11R23CSM 11

) 

( 
11V86PERF 11

, if done promptly, can be 
used to reject the mark) 

Change priority of present job to 168 (allow R22 to finish if processing 
mark, with proper R21MARK bit value) 

Set bit 14(R21MARK) of FLAGWRD2 = 1 

Proceed to 11 ENDEXT 11 

!15.2. Entered from 11 PIKUP20 11 and 11R51DSP 11 

SAVQR.52 = Heturn address 

DESOPTT = CDUT 

DESOPTS = CDUS 

OPTIND = +O 

Set bit 6(SGT:MK) of FLAGWRDO = 0 

If bit 10 (LMTRG) of FLAGWRDl = 1: 

Proceed to 11R52H1 1 

Set bit 15(TERMIF1G) of FLAGW:W7 = 0 

Proceed to 11R52c 11 

(notation R53FLAG) 

(notation TARGlFLG, 
means tracking OWS) 

If SWSAMPLE ) 0: (i.e. Computer Control of optics) 

Proceed to 11R52D 11 
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r If bit 6(SGTMK) of FLAGWRDO = 0: (Tag here "R52M") 

Establish "R53JOB" 

Proceed to "R52F" 

TS = 0.50 second 

Delay TS seconds (by putting job to sleep via ''DELAYJOB") 

If bit lO(LMI'RG) of FLAGWR.Dl = 1: 

Proceed to "R52H" 

If bit 15(TERMIFLG) of FLAGWRD7 = 1: (set by end of "R53" package) 

Proceed to address specified by SAVQR.52 

Proceed to "R52C" 

R52H (Entered only if tracking OWS, from "R52" and "R52F") 

Perform "R61CSM" 

If bit 5(TRACKFLG) of FLAGWRDl = 0: 

Proceed to address specified by SAVQR.52 

If bit 7(UPDATFLG) of FLAGWRDl = 1: 

Proceed to "R52D" 

TS = 1.80 seconds 

Proceed to second line of "R52F" 

If bit lO(LMTRG) of FLAGWRDl = 1: 

T = T + K de cl now 2p4secdp 

Perform "LEMCONIC" 

STAR= liatt 

T = T de cl att 

Perform "CSMCONIC" 

T~ = unit(STAR - liatt) 

Proceed to "COM52" 
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COM52 

If STARIND = 0: 

T§ = STARSAV~ 

If STARIND ) 0: 

T§ = STARSA\Tl 

Proceed to 11 COM52" 

STAR = unit ( (REFSMMAT) T§) 

Perform ''CDUTRIG" 

Perform "CALCSXA" 

If bit 7(CULTFLAG) of FLAGWRD3 = 1: 

If bit lO (LMTRG) of FLAGWRDl = 0: (Tag here "R52L") 

Perform "PRIOLARM11
: if terminate, proceed to "TERM52' 1 

if proceed, skip next line 
otherwise, skip next line 

End of job 

Proceed to "R52F" 

PACTEMP = K50dgtr 
.. sp 

If bit 7(CULTFLAG) of FLAGWRD3 = 0: 

If (PAC - K50dgt) < 0 and 

PACTEMP = PAC 

Skip next line 

PACTEMP = K50d tr 
g sp 

If bit lO(LMTRG) of FLAGWRDl = 1: 

Proceed to 11R52E11 

Proceed to 11R53CHI<: 11 
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R53CHK 

If bit 6(SGTMK) of FLAGWRDO = 0: 

TS = 0692vn 

Perform 11 GODSPR 11 

Proceed to 11R52E 11 

DESOPTT = PACTEMP 

DESOPTS = SAC 

Proceed to 11R52F 11 

R53JOB Established by 11R52c 11 

Perform 11R53 11 

End of job 

TERM52 Entered for V34E response to 04048 alarm display 

R53Cl 

Perform 11KLEENEX 11 

Proceed to 11 TERMS:X:T 11 

R53EXIT = Return address 

Set bit 6(SGTMK) of FLAGWRDO = 1 (program notation R53FLAG) 

Perform 11 S:X:TMARK 11 

If MARKINDX ) 0: (no marks taken) 

Proceed to third line of 11R53 11 

Perform 11MKRELEAS 11 

Proceed to 11R53c1 11 

(Tag here 11R53Al 11
) 

Entered from 11 R53 11 and 11R56 11 

TS = 0 

Perform 11 CLEANDSP 11 

If (MODREG - 32) ~ 0: (should not be) 

Set bit 15(TERMIFLG) of FLAGWRD7 = 1 

Proceed to address specified by R53EXIT 
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If bit 12(P50.1.Fl.G) of FLAGWRDO = 1: 

Set bit 15(TERMIFLG) of FLAGWRD7 = 1 

Proceed to address specified by R5JEXIT 

Proceed to 11 R53c 11 

TS = 0171 vn 

Proceed to 11 VNFLASH11
: (if terminate, proceed to 11 GOTOPOOH11 ) 

if proceed, proceed 
otherwise, proceed to previous line 

If STARCODE ~ -0 or if (bits 6-1 of STARCODE) ) 478: 

Set bit ?(Operator Error) of channel 11 = 1 

Proceed to 11R5JC 11 

If bit 7 of STARCODE = 1: 

If STARCODE ~ 001468 : (i.e. sun not specified) 

Set bit ?(Operator Error) of channel 11 = 1 

Proceed to 11 R5JC 11 

TS = 6 (bits 6-1 of STARCODE) 

If STARIND = 0: 

BESTI = TS 

If STARIND = 1: 

BESTJ = TS 

If MODREG f 50: 

If bit 8 of STARCODE = 0: (e.g. not of form 002.x.x) 

Set bit 15(TERMIFLG) of FLAGWRD7 = 1 

Proceed to address specified by R5JEXIT 

Proceed to 11R5JDISP 11 
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R53DISP 

TS = 0614vn 

Proceed to "VNFLASH": (if terminate, proceed to "GOTOPOOH'') 
if proceed, proceed 
otherwise, proceed to previous line 

TS = TRKAZ, rescaled (by doubling) to B-1 rev. 

MRKBUF1+3 = TS, modulo 2- l rev. (180°) 

If hs} ~ ~ : (i.e . bigger than 180°) 

Set bit ?(Operator Error) of channel 11 = 1 

Proceed to "R53DISP11 

TS = TRKEL, rescaled (by doubling) to B- 1 rev. 

- 1 0 MRKBUF1+5 = TS, modulo 2 rev. (180 ) 

(i .e. bigger than 180°) 

Set bit ?(Operator Errcr ) of channel 11 = 1 

Proceed to "R53DISP" 

Set bi t 15(TERMIFLG) of FLAGWRD7 = 1 

Proceed to address specified by R53EXIT 

R56 Entered from "P51B" and "R51DSP" 

R53EXIT = Return address 

TS = 0694 vn 

Proceed to "VNFLASH": (if terminate, proceed to "GOTOPOOH") 
if proceed, proceed 
otherwise, proceed to previous line 

Perform "TESTMARK" (Tag here "R56A 11
) 

TS = 0 

Perform "CLEANDSP" 

TS = 5300vn 

Proceed to "GOMARK2": if terminate, proceed to "GOTOPOOH" 
if proceed, proceed to previous line 
otherwise, proceed 
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SAC = MRKBUF1+3 

PAC = MRKBUF1+5 

Inhibit interrupts 

MRKBUFld = T p now 

MRKBUF1+2 = CDU 
y 

MRKBUFl+ 4 = CDU 
z 

MRKBUF1+6 = CDU x 

Release interrupts 

Perform "CLEARMRK" 

TS = 000168 

(loaded in Rl of N94) 

(loaded in R2 of N94) 

(SAC and PAC loading done in interpretive language, 
maximizing the delay between ENTR response and the 
sampling of CDU angles. Also can be delayed if 
R67 active, since higher priority than P54/R56). 

Proceed to "GOPERFl": if terminate, proceed to 11GOTOPOOH11 

if proceed, proceed 
otherwise, proceed to 4th line of "R56" 

Proceed to "R53Cl" 

,. 
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Quantities in Computations 

See also list of major variables and list of routines 

BESTI, BESTJ: See Inflight Alignment. 

Cd hkwd: Single precision erasable memory constant, program notation 
c uc 11 CDUCHKWD", scale factor BJ.4, used to specify (if positive non-

zero) the number of centi- secon:is delay before 11MARKDIF 11 is performed 
after receiving an optics mark button input. If the cell is zero 
or negative, the delay is 0.01 second. 

C31FLWRD: See Digital Autopilot RCS Routines. 

CDUS: Single precision value of counter input cell 00368, containing the 
optics CDU shaft angle (also identified with the X axis), scale factor 
B- 1, units revolutions, in twos complement. 

CDUT : Single precision value of counter input cell 00358, containing the 
optics CDU trunnion angle (also identified .with the Y axis), scale 
factor B-3, units revolutions, in twos complement. See K20d • egs 

CDUiCMD (i = T, S): Single precision value of computer special erasable 
memory cells 00538 - 0054g respectively. Pulses are generated based on 
the contents of tnese cells if bits 12- 11 respectively of channel 14 = 1, 
and the optics CDU error counter is loaded from the 3200 pps pulse 
train information if bit 2 of channel 12 = 1. 

1
For the output to give 

one revolution, 215 pulses from CDUTCMD, and 2 3 pulses f r om CDUSCMD, 
are required. The same cells are also used for TVCYAW and TVCPITCH 
commands for the SPS engine (see Digital Autopilot Interface Routines) . 

COMMANDT, COMMANDS: Raw values of trunnion and shaft commands computed in 
110PTTEST 11

, same scaling as CDUiCMD. The sign of COMMANDS may be 
reversed for shaft-stop avoidance purposes. 

DESOPMOD : Single precision value of SWSAMPLE the previous time that 110PTMON 11 

was performed, used to determine if a change has taken place in the 
setting of the optics mode switches (Computer Control, Manual, or 
Zero). 

DESOPTT, DESOPTS: Single precision values of desired CDUT and CDUS 
respectively, twos complement with same scaling as CDUT and CDUS 
respectively. They are used in "OPTTEST 11 to generate optics driving 
commands (if OPTIND and SWSAMPLE are satisfactory). 

EXTVBACT: See Verb Definitions. 

IMODES33: See IMU Computations. 
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K : Constant, program notation 11 2.4S~gDP", scale factor B28, units 
2P4secdp centi-seconds. Value is 240 x 2- , corresponding to 2.4 seconds. 

K : Single precision constant, program notation 11 20DEDS" , scale factor 
2iliegsB-3, units revolutions. Value is 7199 x 2-14, but since used 

(in 11ENDZOPT 11 ) in complement form, value equivalent to 7200 x 2-14, 
or 19.7754°. When the optics are 11 zeroed 11

, the CDUT cell is loaded . 
with - K

2
1>,.:J • Consequently, to find t he 11t rue 11 trunnion angle, this 
vuegs 

19.7754° value IlUlst be added, and to convert 11true 11 to actual cell 
contents this 19.7754° value IlUlst be subtracted. See e.g. "CALCSXA11

• 

The octal value of - K2Qiegs is 617408 . 

K : Constant, program notation 11 20DEGSMN 11
, scale factor B-3, units 

2iligsmn revolutions. Value is -7199 x 2-14 (as a ones complement number ) , 
equivalent to -19,7754° (see K20:i ) . Causes limiting of trunnion 
value if the derived 11 true 11 anglee~~ negative. 

K45dg: Single precis~on constan~, program no~ation 11 13,14,15 11 , scale 
factor B-1, units revolutions. Value is 700008 , corresponding 

to a value of 10000~ as used in program (after a one-bit correction 
for convenience in forming absolute value), or 45°. If CDUS is = or 
less than this value, then ZONE is set O; if greater and ZONE 
is zero, then ZONE is set to CDUS. 

K5iligtr: Constar;-t, program n~tation 1138TRDEG11
, scale factor B-3, units 

revolutions. Value is 0.66666667, corresponding to 30° in the 
value o~ CDUT, or a 11 true 11 trunnion angle of 30 + 19. 7754 = 
49.7754 (see K2Qi ) . Constant formerly was 0.4 (a 11true 11 value 
of 37.7754°), henc~gthe notation. 

K90d : Single precision constant, program notation 11NEG1/ 2 11 , scale factor 
gB-1, units revolut~ons. Value is 577778, corre~ponding to a value 

of 200018 as used in the program (after a one-bit correction 
for ~onven~ence in forrnin8 absolute val~e ) , or about 90°. If CDUS 
magnitude is less than 90 , then there is considered to be no 
problem with the optics stops. 

K Jbt: Single precision constant, program notation 11NEG2 11
, scale factor 

m B-1, units revolutions. Value is -2 x 2-14, but used in program 
in such a way (for convenience in forming absolute value) that the 
effective value in program is -3, or about -0.033°. A change in an 
IMU CDU angle of more than 3 least increments in C centi-
seconds causes the optics mark to be rejected in 11~fl~, provided 
Ccduchkwd is positive non-zero. 

K : Single precision constant, program notation 11MAXPLS 11
, scale factor 

rmcps Bl4, units optics CDU output pulses. Value is -83 x 2-14. See 
CDUiCMD above for pulses/revo!~tion: note that Bl revolutions is 
equivalent to Bl4 pulses if 2 pulses = 1 revolution. 
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K 
1

: Single precision constant, program notation "MAXPLSl", scale 
mxps factor Bl.4, units optics CDU output pulses. Value is _g2 x 2-14, 

but used in program (for convenience in forming absolute value) in 
such a way that effective value is -133 (see K ) . mxps 

MARKINDX: Single precision cell, scale factor Bl.4, loaded in 11 SXTMARK 11 

with 1, and decremented in "MARKDIF11 so as to contain the count of 
the number of marks remaining (i.e . decremented to 0: cell a hold-over 
from earlier design requiring a capability for mere than a single mark 
in some programs). It is incremented in "MKREJECT 11 when a mark is 
rejected. "R53" checks the cell and if non-zero re-enters the marking 
routine, so as to force a mark to be processed. 

MKCDUi, MKT2Tl: Set of buffer cells loaded in "MARKRUPT" with optics and 
IMU CDU angles (with time in MKT2Tl, double precision), and used in 
"PUTMARK 11 to load appropriate cells. The scaling of the cells is 
the same as that of the quantities with which they are loaded, and 
their sequence is MKT2Tld , MKCDUY, MKCDUS, MKCDUZ, MKCDUT, and 
MKCDUX. p 

MRKBUFl: Set of cells loaded in "PUTMARK 11 with optics mark information. 
The cells have data in the same sequence as described above for MKCDUi, 
MKT2Tl. For common use of processing routines, "R23CSM1" and "R56 11 

load these cells with information in the same format as that done for 
normal optics marks. They are also loaded in "R53DISP 11 (after the Nl.4 
star tracker specification) with TRKAZ (in MRKBUF1+3) and TRKEL (in 
MRKBUF1+5). Note in this case, however, MRKBUF1+5 has information 
scaled B-1 revolutions, not B-3 revolutions as it has when it is used 
for CDUT informat ion (either prime optics or equivalent N94 R2 input ) . 
For R22 use, a setting of MRKBUFl (first cell) to a negative number 
indicates that no mark data are in the cells. For R22, a mark reject 
(or vg6E) must be done sufficiently promptly (e.g . within 7 seconds) 
after a mark to avoid having it be incorporated (barring the N49 
display). The notation "MRKBUFl 11 refers to the first cell of the set, 
i.e. MRKBUFl+O. MRKBUF1+3 is displayed in Rl of N94 and MRKBUF1+5 in 
R2 of N94. 

OPTCADR: Single precision cell used to contain return address for "SXTMARK 11
• 

OPTIND: Single precision control cell, scale factor Bl4, used to control the 
performance of "OPTTEST 11 • If it is negative, including - 0, driving of 
the optics is bypassed. A setting of -0 means that the optics are 
"reserved " : this setting is done in 11s40 .6 11 when the output channel 
bits are set for TVC use (see CDUiCMD above). The setting to -1 
is done in e.g. 11 INITSUBA" in conjunction with V37 processing. 

OPTMODES: Single precision flag word used for control of 11 T4RUPT 11 

computations associated with the optics hardware. The individual 
bits have the following meanings: 

Bit Symbol 

10 ZROPTFIN 

Meaning 

Zeroing of optics has been completed since last 
fresh start or restart if bit is 1. 
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Bit Symbol 

7 OCDUFBIT 

5 OPMDlBIT 

4 OPMD2BIT 

3 ZOPTCS 

2 OCDUINHT 

Meaning 

Nominal last sampled value of channel JO bit 7 
(0 if an optics CDU fail indication has been 
generated by the optics CDU hardware). If OPTIND 
= - 0, the value of the bit is not changed in 
"OPTMON", although a channel JO bit 7 change will 
cause "OCDUFTST" to be entered to change bit 8 
of DSPTAB+ll (the Tracker light). 

Last sampled value of channel 33 (or CJlFLWRD) bit 
5: zero if Computer Control mode of optics desired. 

Last sampled value of channel 33 (or CJlFLWRD) bit 
4: zero if Zero Optics mode of optics desired. If 
bits 5-4 = 112 , Manual mode of optics desired. 

Bit set 1 in "CSCTOZOP 11 to indicate that the wait 
for zeroing of optics is in process. It is set zero 
in 11ENDZOPT 11

, after the completion of the necessary 
wait. 

Bit set 1 to inhibit generation of Tracker alarm 
(bit 8 of DSPTAB+ll) within 110CDUFTST 11 routine. 

PAC: See Coordinate Transformations. 

PACTEMP: Single precision cell, same scaling as PAC, used to retain the 
value of PAC derived in R52, with limiting if necessary, that is 
subsequently loaded into DESOPTT. 

R5JEXIT: Single precision cell containing return address from 11R53 11 or 
11R56 11 (allowing 11R5JCl11 to be used by both). 

SAC: See Coordinate Transformations. 

SAVQR52: Single precision cell containing return address from 11R52 11
• 

STAR: See Coordinate Transformations. Used in 11R52D 11 to retain temporarily 
the OWS position vector (scale factor B29, units meters). 

STARCODE: See Inflight Alignment. 

STARIND: See Inflight Alignment. It is set 0 in 11R00 11
• 

STARSA\11, STARSAV~: See Inflight Alignment . 

SWSAMPLE: Single precision cell containing information on the value of 
the optics hardware mode last sampled in 11 0PTMON1 1 (DESOPMOD is 
loaded with the same value before termination of the routine), scale 
factor Bl4. A positive non-zero value (e.g . 15) means Computer Control 
mode; a zero value means Manual mode; and a negative value ( - 1) means 
Zero Optics mode. 
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Tst: See Data Input/Output. 

TRKAZ, TRKEL: See Inflight Alignment. 

WTOPI'ION : Single precision cell, scale factor Bl4, set to 11 in "OPTMON 11 

if switch from Zero to Marual optics mode with zeroing not yet 
complete (alarm 0116~ is generated also). It is decremented by 1, 
with a lower limit of +O, when "OPI'MON" is entered with previous 
and present cycle modes both Manual. If switch back to Zero from 
Manual before counter decremented to 0 (which occurs in about 5,3 
seconds), then ZOPI'CNT is not reset to 32. Cell set 0 in "CSCTOZOP 11 

and in 11 0PTMON 11 if go from Zero to Computer Control. 

ZONE: Single precision cell set 0 in "ENDZOPT" or in "OPTTEST" if CDUS 
magnitude less than 45°, and set in "OPTTEST" if CDUS magnitude 
exceeds 45° and cell presently O. It is used in "OPTTEST" in the 
implementation of the optics shaft stop monitor (if non-zero, only 
its sign is employed). Cell is required because optics shaft 
stops are at ± 270° from "zero" ("zero" is the position at which 
optics are left after zero mode emplo~d). If, after zeroing, 
were to drive optics towards e.g. +70 , then when CDUS exceeded 
45° ZONE would be set to positive non-zero. If continued to 
drive in the same direction, e.g. to +100°, then +140°, then 
+170° (always with increments of less than 180° from present 
CDUS, so go "shortest" way, namely in same direction), then ZONE 
would remain positive non- zero and optics would continue to 
drive. If, from the 170° point, the next DESOPTS were -160° 
(or , equivalently, +200°) 6 then "shortest distance" would again 
be the 30° across the 180 point, and the optics would be driven 
there, with ZONE remaining untouched (CDUS reading would be 11 -1600 11 

when reach DESOPTS). Note that, however, if had started at the 
"zero" point, would have driven optics in the opposite direction 
(i.e. though -30, -70, etc.). If the next DESOPTS were e.g. 
-l00°(i.e . +260°), then here the optics would again be driven in 
the same direction, with ZONE unchanged, from -160° to -100°, or 
only 10° away from the stop at +270° (note that "normal" method 
of reaching -100°, from "zero", would have gone the other way). 
At the -100° (actually +260° as far as how shaft angle got there 
is concerned) point, ZONE is still positive non-zero. If the 
next DESOPTS were e.g. -60° (i.e . +300°), this would generate a 
COMMANDS of (-60°) - ( -100° ) = +40°: to drive there directly, 
however, would require violating the hardware stop at 270°, and 
hence the stop monitor logic is invoked. With these conditions, 
all the conditions at the top of page OPTC-2 are satisfied, 
since CDUS magnitude (100°) exceeds 90°; ZONE f O; the sign of 
ZONE= sign of COMMANDS (both positive); and magnitude of 
DESOPTS is 60° (less than 90°). Consequently, the COMMANDS 
polarity is reversed, so that instead of driving towards -60°, 
the optics are driven towards -11+0° (-100 + -40) . Assuming that 
DESOPTS remains -60°, the next attempt would be to drive towards 
-220° (+140°, i.e. -11+0 - (-60 --11+0)), and so on. When CDUS is 
driven below 90°, , then shaft stop logic is no longer involved, 
since "shortest path" is likewise one that avoids the optics shaft 
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stops. Finally, when optics reaches the - 60° point ( the 11 long 
way11

) , ZONE would have been reset to 0 and then to negative non
zero, to protect the stop at - 270° (+90°). If the value of 
DESOPTS were to 11chatter11 near a magnitude of 270, then the 
optics themselves would be driven in alternating directions: in 
this case, manual selection of optics zeroing should be done. 

ZOPTCNT : Single precision cell, scale factor Bl4, set to 32 at the 
start of optics zeroing (assuming no WTOPTION effect ) , to give an 
optics zeroing period of 33 x 0.48 + 0.4 ~ 16.2 seconds. An 
alarm (pattern 1168) is generated if switch out of zeroing before 
completion of initial part of delay (about 15.8 seconds from when 
switch first sensed to be in zero mode ) . See WTOPTION (no 
setting of WTOPTION is made if switch to Computer Control: it is 
reset to 0 instead). 
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Orbital Integration 

STATEINT Called by ''Eti!DINT", and restarted via group 2.3 

Establish "STATINTl" (priority 058) 

End of task 

STATINTl Established by "NDUTINPT" .if bit 9 (UTFLAG) of FLAGWRD8 = 1, 
by "STATEINT", and by restart group 2.5 (in "ROO" for POO) 

If bit 5(QUITFLAG) of FLAGWRD9 = 1: (set by "VERB96'') 

Make restart group 2 inactive 

Set bit 5(QUITFLAG) of FLAGWRD9 = 0 

End of job (must key e.g. V37EOOE to get periodic integration) 

T = T de cl now 

Set bit 3(V960NFLG) of FLAGWRD8 = 0 

Perform "INTSTAIL" 

Set bit l(NODOV37) of FLAGWRD2 = 1 

Set bit 5(STATEFLG) of FLAGWRD3 = 1 

Set bits 4(CONICINT) and l(WMATINT) of FLAGWRD3 = 0 

Set bit 9(POOFLAG) of FLAGWRD3 = 1 

Set bit 3(CSMINTSW) of FIAGWRD3 = 1 

Set bit 8(PRECIFLG) of FLAGWRD3 = 0 

Perform 11 INTEGRV11 

T = T de cl et cm 

Perform "INTSTALL" 

Set bit 3(CSMINTSW) of FLAGWRD3 = 0 

Set bit 5(STATEFLG) of FLAGWRD3 = 1 

(Tag here "STATEUP") 

Set bits 4(CONICINT) and l(WMATINT) of FLAGWRD3 O 
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If bit l(RENDWF:W) of FLAGWRD5 = 1: 

Set bit l(WMATINT) of FLAGWRD3 = 1 

Set bit 8(PRECIF:W) of FLAGWRD3 = 1 

Perform 11 INTEGRV11 

Set bit l(NODOV37) of FLAGWRD2 = 0 

Proceed to "ENDINT 11 

END INT 

Set bit 5(STATEF:W) of FLAGWRD3 = 0 

Set restart group 2 to phase 3 (2.3, causing "STATEINT 11 to be called) 

Call "STATEINT 11 in KbOOsc seconis 

End of job 

CSMPREC 

Perform "INTSTAI.J.,11 

IRETURN = Return address (to routine calling 11 CSMPREC 11 ) 

Set bit 3(CSMINTSW) of FLAGWRD3 = 1 

Set bit 8(PRECIF:W) of FLAGWRD3 = 1 

Set bits 4(CONICINT) and l(WMATINT) of FLAGWRDJ = 0 

Proceed to second line of "INTEGRV11 

LEMP REC 

Perform 11 INTSTALL1 1 

IRETURN = Return address (to routine calling "LEMPREC 11
) 

Set bit J(CSMINTSW) of FLAGWRD3 = 0 

Proceed to 4th line of 11 CSMPREC 11 

CSMCONIC 

Perform 11 INTSTALL1 1 

IRETURN =Return address (to routine calling 11 CSMCONIC 11
) 

Set bit 3(CSMINTSW) of FLAGWRD3 = 1 
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Set bit l(WMATINT) of FLAGWRD3 = 0 

Set bit 4(CONICINT) of FLAGWRD3 = 1 

Proceed to second line of 11 INTEGRV11 

LEMCONIC 

Perform 11 INTSTALL' 1 

IRETURN =Return address (to routine calling 11 LEMCONIC 11 ) 

Set bit 3(CSMINTSW) of FLAGWRD3 = 0 

Proceed to 4th line of 11 CSMCONIC 11 

INTIDRVS 

Set bit 8(PRECIF1G) of FLAGWRD3 = 1 

IRETURN =Return address (to routine calling 11 INTEGRVS 11 ) 

TDELTAY. = 0 

TNlJY. = 0 

Perform 11 RECTIFY 11 

Set bit l(WMATINT) of FLAGWRD3 = 0 

Set bit 13(NEWIFLG) of FLAGWRD8 = 1 

Proceed to 11ALOADED 11 

INT STALL 

QPRET =Return address (since enter in interpretive language) 

If bits 14(INTINUSE) and 13(INTGRAB) of FlGWRDlO f 002: 

Put present job to sleep (starting address id = 2nd line of 
11 INTSTALL11 , i.e. check of bits) 

Set bit 14(INTINUSE) of FlGWRDlO = 1 

Proceed to address specified by QPRET (of present job, of course) 
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INT WAKE 

If bit 13(INTGRAB) of FLGWRDlO = 1: (means restarted) 

TBASE2 = QPRET of present job 

Set restart group 2 to resume computations at next step 

QPRET (of present job) = TBASE2 

If bit 13(INTGRAB) of FLGWRDlO = 0: (i.e. got a restart) 

Proceed to address specified by QPRET (of present job) 

Awaken all jobs with starting address id = 2nd line of "INTSTALL" (Tag 
he re "INTWAKEO") 

Set bits 14.(INTINUSE) and 13(INTGRAB) of FLGWRDlO = 0 

Proceed to address specified by QPRET (of present job) 

AVETOMID (Entered from "AVGEND") 

EGRESS = Return address 

If bi t l(RENDWFLG) of FLAGWRD5 = 1 : 

TS = T 
1 pptm (holds in MPAC) (tag here "INT/W' 1

) 

Perform "INTSTALV 1 

Set bit l(WMATINT) of FLAGWRD3 = 1 

Set bit l(AVEMIDSW) of FLAGWRD9 = 1 

Set bit 3 (CSMINTSW) of FLAGWRD3 = 1 

T = de cl TS1 

Perform "INTEGRV" 

X2 = 0 (tag here "SETCOAST") 

Perform "INTSTALL" 

Set bit 3(CSMINTSW) of FLAGWRD3 0 

R = R -rect -

RCV = R - - re ct 

Tdecl = Tpptm 

T T et pptm 
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~ect = Y. 

vcv = v t - -rec 

TDELTAY. = 0 

TNUV = 0 

T = 0 c 

XKEP = 0 (notation also 11XPREV11
) 

Perform ''MOVEACSM'' 

Set bit 5(STATEFLG) of FLAGWRD3 ~ 1 

Set bits 4(CONICINT) and l(WMATINT) of FLAGWRD3 = 0 

Perform 11 INTEDRV1' 

Proceed to address specified by EGRESS 

MIDTOAVl R41 entrance from 11 P40S/SV11 (P40/P41) 

IRETURNl = Return address 

Perform "INTSTALL" 

Set bit 3 (MIDlFLAG) of FLAGWRD9 = 1 

TS = Tnow + Ktimedt 

If (Tdecl - TS) < 0: ( i.e. desired time less than Ktimedt 

from now) 
Set bit 3(MID1FLAG) of FLAGWRD9 = 0 

IRETURNl = IRETURNl + 1 

Perform 11 ALARM" (pattern 1703g) 

TTOADD = Ktimedt 

Proceed to 5th line of "MIDTOAV2 11 

Proceed to 6th line of "MIDTOA V2" 
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MIDTOAV2 R41 entrance from "P47CSM" (P47/P48) and "S61.l" (F'61/P62) 

IRETURNl = Return address 

Perform ''INTSTALL'' 

Set bit J(MIDlFLAG) of FLAGWRD9 = 0 

TTOADD = Ktimedt 

T = T + TTOADD de cl now (tag here "ENTMID2") 

Set bit l(WMATINT) of FLAGWRDJ = 0 

Set bit J(CSMINTSW) of FLAGWRDJ = 1 

Set bit 4(CONICINT) of FLAGWRDJ = 0 

Set bit 2(MIDAVFLG) of FLAGWRD9 = 1 

Perform "INTEGRV'' 

R = R -nl -att 

~1 = Yatt 

T = T pptml att 

Inhibit interrupts 

(tag here "ENTMIDl") 

(causes "DIFEQ+2" to 
transfer to "CKMID2") 

TS = Tpptml - Tnow' yrith sign agreement forced 

Proceed to address specified by IRETURNl 

CKMID2 Entered from "DIF~2" if bit 2 of FLAGWRD9 = 1 

If bit J(MIDlFLAG) of FLAGWRD9 = 0: 

- Tet I - K3csecs < O: 

(Tet - Tnow - K5p6secs) ~ 0, proceed to "A- PCHK" 

TTOADD = TTOADD + K 
timedt 

Tdec = Tnow + TTOADD 

Proceed to "TESTLOOP" 
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TS = Tnow + Ktimedt 

If Td - TS ),, 0: ec 

Proceed to 11 TESTLOOP 11 

Set bit 3(MID1FLAG) of FLAGWRD9 = 0 

IRETURNl = IRETURNl + .1 .. 

Perform 11ALARM11 (pattern 17038) 

TTOADD = Ktimedt 

Td = T + TTOADD ec now 

Proceed to 11 TESTLOOP 11 

MOVEACSM 

R =R -re ct cm -re ct 

v = v -re ct cm -re ct 

T = T et cm et 

DELTAV = TDELTAV -cm 

NUV = TNU_Y: -cm 

RCV = RCV · - cm 

vcv = VC.Y - cm 

T = T ccm c 

XKEP = XKEP cm (notation also 11XPREV11 ) 

Return 

MOVEAIEM 

R =R -rectlm -rect 

V = V -rectlm -re ct 

T = T etlm et 
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DELTAylm = TDELTAY 

NUY lJn = TNlJY 

Reylm = Rey 

veylm = vey 

T = T elm c 

XKEP lm = XKEP 

Return 

MOVEPCSM 

Erect = Brectcm 

Yrect = Yrectcm 

TDELTAV = DELTAV - -cm 

TNUV = NUV - -cm 

ReV = ReV - -cm 

vev = vev - -cm 

T = T c ccm 

XKEP = XKEP cm 

Return 

MOVEPLEM 

Erect = B:rectlm 

Yrect = Yrectlm 

Tet = Tetlm 

TDELTAY = DELTA.l{lm 

TNUY = NUYlm 

Rey= Reylm 

vey = veylm 

T = T c elm 

XKEP = XKEPlm 

Return 

(notation also 11XPREV 11
) 

( 

(XKEP notation also 11XPREV 11 ) 

(XKEP notation also 11XPREV 11
) 
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INTEGRV 

IRETURN = Return address (to routine calling "INTEGRV") 

Set bit 13(NEWIFLG) of FLAGWRD8 = 1 

If bit 3(CSMINTSW) of FLAGWRD3 = 1: 

Perform "MOVEPCSH" 

Proceed to "ALOADED" 

Perform "MOYEPLEM" 

Proceed to "ALOADED" 

ALO AD ED 

Reset overflow indicator 

T = dee 
T 

de cl 

If bit 4(CONICINT) of FLAGWRD3 0, proceed to "TESTLOOP" 

TAU ORB = T - T dee et 

Perform "RECTIFY" 
( 

Perform "KEPPREP" 

T = T + T et et c 

Proceed to "RECTOUT" 

A- PCHK 

If bit S(STATEFLG) of FLAGWRD3 = O, proceed to "RECTOUT" 

Set bit S(STATEFLG) of FLAGWRD3 0 

Set bit 13(INTGRAB) of FLGWRDlO 1 (means restart phase change) 

If bit 3(CSMINTSW) of FLAGWRD3 1: 

Perform "MOVEACSM" 

If bit l(AVEMIDSW) of FLAGWRD9 = 0: 

R = RCV + TDELTAV 

V = VCV + TNUV 

T = T pptm et 

Proceed to "RECTOUT" 
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Perform "MOVEALEM" (bit 3 of FLAGWRD3 = 0, meaning OWS integration) 

R 
~ther 

RCV + TDELTAV 

~ther = VCV + TNUV 

Proceed to "RECTOUT" 

RECTO UT 

Perform "RECTIFY" 

R -att = R -re ct 

v -att = v - rect 

T att = T et 

R -attl = R -rect 

v - attl = v -rect 

MUpPp K mutab0 
Xl = -2 

Proceed to "INTEXIT" 

INTEXIT 

Time tag is in T etlm 

Reset overflow indicator 

Push-down list OD-SD 

6n..:.11n 

12D- 13D 

14D- 19D 

20D-25D 

26D-27D 

Set bits 2(MIDAVFLG) and l(AVEMIDSW) of FLAGWRD9 0 

Set bits S(STATEFLG) and 8(PRECIFLG) of FLAGWRD3 = 0 

X2 = 0 

QPRET = IRETURN 

Proceed to "INTWAKE" (returns to address in QPRET) 

TESTLOOP 

If bit S(QUITFLAG) of FLAGWRD9 = 1: 

Set bit S(STATEFLG) of FLAGWRD3 = 0 

Proceed to "INTEXIT" 
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TS2 = TS1 shifted right 

(scaled B28 in units of centi- · 
seconds) 

7 places (giving scale factor B35, or 
least increment of' 128 centi-seconds, 
with low-order bits of TS

1 
lost) 

TS3 = TS2 shifted left 15 places (giving scale factor B20 
centi-seconds) 

If Kdt2mx - TS3 < O, or if overflow taken place: 

TS3 = Kdt2mx (Ts3 in push-down list location 12D) 

TS = Td - T t' with sign agreement forced ec e 

TS = TS, shifted left 8 places (scale factor B20, units centi-sec) 

If ITSI - TS
3 
~ O, or if overflow has taken place: 

TS = TS
3 

sgn TS 

If I TSf - Kdt2rnn < 0: 
Proceed to "A-PCHK '' 

DTd2 = ~ TS (accomplished by considering scaling of DTd2 Bl9, 
whereas TS is scaled B20) 

If bit '9(POOFLAG) of FLAGWRD3 = O, proceed to "TIMESTEP" 

If bit 8(PRECIFLG) of FLAGWRD3 = 1, proceed to "TIMESTEP" (not CSM 
from "STATINTl") 

If TS - Ts
3 

( 0, proceed to "A-PCHK " ( eq~als case does not transfer) 

If bit 13(NEWIFLG) of FLAGWRD8 = O, proceed to "TIMESTEP" 

Set bit 13(NEWIFLG) of FLAGWRD8 = 0 (if get here, came from "STATINTl") 

TS4 = Tdec - Tet (scale factor B28, units centi-seconds) 

If Ts
4 

< O, proceed to "INTEXIT" (no backwards integration) 

Ts
5 

= TS, shifted right 6 places (rounded shift, scale factor B26) 

If Ts
4 

- 4 TS
5 
< O, proceed to "INTEXIT" ( 11411 because of scaling) 

Proceed to "TIMESTEP" (at least 4 time steps behind) 
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RECTIFY 

~ect = RCV + (TDELTAY, shifted right 7 places) 

RCV = R t - -rec 

34.ect = VCY + (TNUY,, shifted right 4 places) 

vcy = Yrect 

TDELTAY = 0 

TNUY = O 

T = 0 
c 

XKEP = 0 (notation also "XPREV") 

Return 

TIMES TEP 

If I TDELTAY \ - K3d4 ~ 0, or if overflow taken place: 

Perform "RECTIFY 11 

Proceed to "INTGRATE" 

If tTDELTAy\/IRCYI - Krecrat~ 0: 

Perform "RECTIFY" 

Proceed to "INTGRATE" 

(\TDELTAYtshifted right 7 
places) 

If fTNUY( - K3d4 ~O, or if overflow has taken place: 

Perform "RECTIFY" 

Proceed to "INTGRATE11 

Proceed to "INTGRATE" 

IN'IGRATE 

Set bit 14(JSWITCH) of FLAGWRDO = 0 

ZV = TNUV 

YV = TDELTAV 

DIFEQCNT = 0 

ALPHAV = YV 
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H = 0 

Proceed to "ACCOMP" 

AC COMP 

FV = 0 

BETAV = RCV + ALPHAV (ALPHA~ shifted right 7 places) 

If bit l(WMATINT) of FLAGWRD3 = 1: 

VECT~ -DIFEQCNT 

ALPHAM = jALPHA~j 

ALPHAV = unitALPHAV 

Perform "GAMCOMP" 

ALPHAV = BETAV 

ALPHAM = BETAM 

Proceed to "OBLATE" 

GAMCOMP 

BETAM = /BETA Y. I 
BETAY. = unitBETAY. 

BETAV 

RHO = ALPHAM / BETAM computed in quasi- floating point fashion, 
using K 1 for scaling information asca e0 

LILQ = RHO (RHO - 2 ALPHAY. • BETAY.) 

3 + 3 LILQ + LILQ.2 
FOFQ = LILQ 

1 + (1 + LILQ.)3/ 2 

T§. = ALPHAY. + (FOFQ/RHO) BETAY. 

TS = - K -1 · mutab
0 BETA~ (1 + LILQ.)3/ 2 

RHO 

Reset overflow indicator 
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(computed quasi
floating point) 



(using K 1 and K for scaling data) asca e0 ascale1 

If overflow has taken place, proceed to "GOBAQUE" 

Return 

GO BAQUE Entered if overflow from "DIFEQ+2", "GAMCOMP", and "OBLATE" 

If I TDELTA.Y I 0: (all components below 2 meters) 

Proceed to "POODOO" (pattern 20430
8

) 

TAUORB = T - H 
c 

T = T - H et et 

Perform "KEPPREP" 

Perform "RECTIFY" 

Proceed to "TESTLOOP" 

OBLATE 

COSPHI = ALPHAV c . -unitw 

p ' 
2 3 COSPHI 

p ' 
3 ! (15 COSPHI2 - 3) 

p ' 
4 (1 / 3) (7 p ' 

3 COSPHI -

p ' l (9 p ' COSPHI - 5 
5 i; 4 

4 p ') 
2 

p ') 
3 

TS = (p ' + Kj 3j 2 (P
4

1 + Kj 4 j 3 P ')) ALPHAV 
3 ALPHAM ALPHAM 5 -

TS = TS - (p ' + Kj3j2 (p ' + Kj4j3 
2 ALPHAM 3 ALPHAM p ')) c 4 -unitw 

K. 2 
TS = . J TS 

ALPHAM4 computed quasi-floating point 

Reset overflow indicator 

TS = FV + TS 

If overflow indicator set, proceed to "GOBAQUE" 
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FV = TS 

Proceed to "NBRANCH" 

NB RANCH 

If DIFEQCNT = -24, proceed to "DIFEQ+2" 

If DIFEQCNT = 0: 

PHJ:Y =FY 

If DIFEQCNT = -12: 

PSI}[ = PHJ:Y + 4 F.Y 

PHJ:Y = PHI,Y + 2 F.Y 

H = H + DTd2 

DIFEQCNT = DIFEQCNT - 12 

ALPHA}[ = yY_ + H (zy + ~ H pY) 

If bit 14(JSWITCH) of FLAGWRDO = 1, proceed to 11 DOW .. 11 

TS = DTd2, shifted right 9 places (~ interval least increment 1 cs) 

If DIFEQCNT = -24: 

Round TS to double precision (otherwise, a truncated shift) 

TAUORB = T + TS c 

Tet = Tet + TS 

Perform 11 KEPPREP 11 

Proceed to 11ACCOMP 11 

KEPP REP (Entered from "ALOADED", "GOBAQUE", and "NBRANCH") 

AS = ~ unitRC~ · VC~ 

QARG = (TAUORB - T )/jRcvj c -

TS = (1/6) QARG
2

(K t b - jvc~l 2 j Rc~j)/jRc~I mu a 0 

XKEPNEW = XKEP +..JKmutabo QARG (1 - As QARG + 2(As QARG)
2 

+ TS) 

(XKEP also has notation "XPREV") 
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KEPRTN = Return address (to routine entering "KEPPREP") 

Proceed to "KEPLERN" (with overflow indicator reset just before 
adding the "1" factor to other terms) 

DIFEQ+2 

yY = yY + H(zy + PHiy H/6) 

zy = ZY. + H(PSIY + FY)/6 

If bit 14(JSWITCH) of FLAGWRDO = 1: 

(shifted left 3 places, compensating for 
"NEXTCOL' 1 right shift) 

T§ = ·'IY. (shifted left 3 places) 

If overflow indicator set: 

Set bit l(WMATINT) of FLAGWRD3 = 0 

Set bit l(RENDWFI.G) of FLAGWRD5 = 0 

Set bit 5(STATEFI.G) of FLAGWRD3 = 1 

Perform 11ALARM11 (pattern 04218) 

Proceed to 11 TESTLOOP 11 

Y[- COLREG = T§ 

If COLREG ~ 0: 

Tdecl = Tdec 

Proceed to third line of 11 INTEGRV1 1 

COLREG = COLREG +3 

Proceed to 11NEXTCOL' 1 

If overflow indicator set, proceed to 11GOBAQUE 11 

TNUY = zy 

TDELTAY = yY 

(sensing it resets) 

If bit 2(MIDAVFI.G) of FLAGWRD9 = 1, proceed to 11 CKMID2 11 

If bit l(WMATINT) of FLAGWRD3 = O, proceed to 11 TESTLOOP 11 

Set bit 13(INTGRAB) of Fl.GWRDlO = 1 
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If bit 3(CSMINTSW) of FLAGWRD3 = 1: 

Perform "MOVEACSM" 

If bit l(AVEMIDSW) of FLAGWRD9 = 0: 

R = RCV + TDELTAV 

V = VCV + TNUV 

T = T pptm et 

If bit 3(CSMINTSW) of FLAGWRD3 = 0: 

Perform "MOVEALEM" 

R -other RCV + TDELTAV 

~ther = VCV + TNUV 

Set bit 14(JSWITCH) of FLAGWRDO 1 

COLREG = - 15 

Proceed to "NEXTCOL" 

(T is time tag) etlm 

NEXT COL 

DOW .. 

YJ_ = ~-COLREG 

z~ = }i27- COLREG 

DIFEQCNT = 0 

ALPHAV = YV 

H = 0 

Proceed to "DOW, , " 

(shifted right 3 places) 

(shifted right 3 places) 

TS VECTA~ -DIFEQCNT 

FV = 3 (ALPHAV · unitTS ) unitTS - ALPHAV 

1Ts l3 
Proceed to "NBRANCH" 
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Quantities in Computations 

See also list of major variables and list of routines 

Intermediate quantity used in "KEPPREP", scale factor B7, stored in 
push- down list location 4D (corresponds to gamma times square root of 
mu). 

ALPHAM: Value of magnitude of ALPHAV (before ALPHAV made a unit vector), 
same scaling and units. 

ALPHAV: Cell used for several purposes. When initially enter "ACCOMP", 
contains position deviation scaled B22 meters. Subsequently loaded 
with unit(ALPHAV), scale factor Bl . Is then set to unit position 
vector (originally BETAV information), with scaling for ALPHAM cor
respondingly B29, and r;tains this setting when "OBLATE" entered. 
When W matrix computations are done, is used to contain value of 
Y:!_ (~-COLREG) information. Can also be used as internal communica-

tion cells with coordinate transformation routines. 

BETAM : Value of magnitude of BETAV (before BETAV made a unit vector), same 
scaling and units. 

BETAV : Vector giving vehicle position with respect to body whose accelera
- tion effect is being computed, units meters. In "ACCOMP", initial 

scale factor B29 . 

C . : See General Program Control. --unitw 

COLREG: Single precision cell ("column register") used to control the 
indexing in "DIFEQ+2" and "NEXTCOL" for the appropriate number of 
elements of the W matrix, scale factor Bl3 (since W matrix elements 
double precision). 

COSPHI: Argument for "OBLATE" equations, program notation "COSPHI / 2", 
scale factor Bl, stored in push-down list location 18D. It is the 
cosine of the angle between the unit polar vector and the position 
vector. 

DELTAV , DELTAV
1 

: "Permanent" values of TDELTA:!__ for CSM and OWS respec--cm - m 
tively, same scaling as TDELTAV. Program notation DELTACSM and 
DELTALEM. 

DIFEQCNT: Single precision cell, scale factor Bl4, used for prog.ram con
trol purposes, having values 0, - 12, and - 24 at the beginning, middle, 
and end of each integration step. It is negative for convenience in 
using interpreter indexing orders. 
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DTd2: Value of limited time increment for orbital integration, scale fac 
tor Bl9, units centi-seconds (is actually 1/2 the value of the net 
increment, e.g . , beginning to middle or middle to end). It is 
derived in "TESTLOOP". 

EGRESS: Single precision cell used to retain return address information 
(e.g., from "AVETOMID") . 

FOFQ: Function of LILQ used in "GAMCOMP", scale factor (for FOFQ/RHO) B3. 

FV: 

Program does not actually divide by RHO, but instead computes FOFQ/RHO 
directly: FOFQ computation shown as given, however, to facilitate com
parison with published equation information. 

Value of disturbing acceleration (second time 
deviation), scale factor B- 16 in meters/cs2. 
for W- matrix updating, where scale factor is 
scale factor . 

derivative of position 
Same cell used in "DOW •• " 

38 less than ALPHAV 

H: Value of time since beginning of integration step, scale factor Bl9, 
units centi- seconds . 

IRETURN : Single precision cell used to retain return address information 
from the subroutine entered to use the orbital integration package 
(after "INTSTALL" logic has given control of the package to the 
r outine used) . 

IRETURNl: Single pr ecis ion cell used to re tai n r eturn addres s infor mat i on 
from "MIDTOAVl" and "MIDTOAV2". If "MIDTOAVl" is entered (meaning 
that integration to a specified time is desired) but insufficient 
time is available to do the integration, then the time is slipped and 
IRETURNl is incremented by 1 (to return to calling address +2) for 
appropriate disposition by caller. If enter "MIDTOAV2", cell is not 
incremented. 

KEPRTN: See Conic Routines. 

K
3 

: Constant, program notation "3CSECS", scale factor B28, units csecs · _ 
centi- seconds, us'ed as exit tolerance from "CKMID2". Value is 3 x 

- 28 2 , corresponding to 0 . 03 seconds (meaning an exit if time differ-
ence is 0- 2 centi- seconds). 

K
3

d4: ~o~sta~t, program notation "3/4", used in 11TIMESTEP 11 to check if rec
t1f1cat1on is required. Value corresponds to 0.75, with scaling same 
as that of the vector with which compared. Hence will rectify if 

TDELTAV magnitude is 0 . 75 x 2
22 

meters or more, or if TN~ magnitude~ 
- 3 

0.75 x 2 meters/csec. 

K · Constant, program notation "5.6SECS", scale factor B28, units 
5p6secs' 

centi-seconds. Value is 560 x 2-
28

, corresponding to 5 . 6 seconds (to 
ensure that calling routine can successfully blank DSKY for 5 seconds). 
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K600sc: Constant, program notation "600SECS", scale factor B28, units 

centi-seconds. Value is 60000 x 2- 28 , corresponding to 600 seconds. 

K 1 : Set of single precision constants used to control performance of asca e. 
1 

"GAMCOMP" as selected by the value of index. Program notation for 
i = 0 is "A.SCALE". Value for i = 0 gives the difference between 
ALPHAM and BETAM scalings, for use in determining the proper scaling 
of RHO: 

i Value ALPHAM scale BETAM scale 

0 -7 22 29 (earth, primary) 

Value for i = 1 is used to determine (with RHO scaling information 
above) the proper scaling of FV information: B- 16. The value is 
(16 - 2 x BETAM scaling+ mu s~aling): the "2" factor is required 

because BETAM2 is in computations. 

i Value 2 x BETAM scale Mu scale 

1 - 6 58 36 (earth, primary) 

Kdt 2mn: Constant, program notation "DT/2MIN", scale factor B20, units 

centi-seconds. Value is 3 x 2-
20

, corresponding to 0.03 seconds 
(hence "TESTLOOP" exits, since original input B28 centi- seconds, if 
time difference is 0-2 centi-seconds) . Could also be considered a 
minimum for DTd2, in which case value would correspond (scale factor 
Bl9) to 0 . 015 seconds. 

Kd 2 : Constant, program notation "DT/2MAX", scale factor B20, units 
t mx - 20 

centi-seconds. Value is 4000E2 x 2 , corresponding to 4000 seconds. 
Could also be considered a maximum of DTd2, in which case value would 
correspond (scale factor Bl9) to 2000 seconds. 

Constant, program notation "J2REQSQ" , scale factor B72. Value is 

l.75501139E21 x 2- 72 , corresponding to 3.986032El0 x (6.378165E6)
2 x 

(1082.3E- 6) x 2-72 , where first term is earthµ (in meters 3/cs
2
), 

second is square of earth's radius (gravitational, in meters), and 
third is second harmonic of earth's potential function (note that 1.5 
times it= l.62345E- 3), while 4th is scale factor. 

K. 
3

. 2 : Constant, program notation "2J3RE/ J2", scale factor B27. , Value is 
J J -27 

-0.1355426363E5 x 2 , corresponding to - 0.23E-5 x 6.378165E6 / 

1082 . 3E- 6 x 2- 27 , where first term is third harmonic of earth's poten
tial function, second is earth radius in meters, and 3rd is second 
harmonic, while fourth is scaling. 
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K. 4 . 3 : Constant, program notation "J4REQ/J3", scale factor B26. Value is 
J J - 26 

0.4991607391E7 x 2 , corresponding to - l . 8E-6 x 6.37816SE6 I -0.23E-S 
- 26 . 

x 2 , where first term is fourth harmonic of earth's potential func-
tion, second is earth radius in meters, 3rd is third harmonic, anJ 
fourth is scaling. 

K b : See Conic Routines. muta 0 
- 2 Kp

3
d: Constant, program notation ".3D", scale factor B2, value 0.3 x 2 • 

K Constant, program notation "RECRATIO", scale factor BO, value 0.01. 
rec rat 

K . d : Constant, program notation "TIMEDELT", scale factor B28, units 
time t -28 

centi-seconds. Value is 1250 x 2 , corresponding to 12.S seconds. 

LILQ: Value for argument of FOFQ, scale factor B2, stored in push- down 
list location 8D. 

LOCCTR: See Display Interface Routines. 

MUpPp: Value of µ for the earth left in push- down list location 26D by 
"RECTOUT", scale factor B36. Program notation "MU(P)". 

NUV , NUV
1 

: "Permanent" values of TNU_V for CSM and OWS respectively, 
- cm - m 

same scaling as TNU~. 

P
2

1
, P

3
1

, P4
1

, P5 ':Legendre polynomial derivatives computed in "OBLATE", 

scale factors B6, BS, B7, and BlO respectively, stored in push- down 
list locations OD, 2D, 4D, and 6D (partially) respectively. 

PHIV: Storage for information used in Nystrom numerical integration, 
- scaled (for state vector updates) B-13. 

PSIV: Storage for information used in Nystrom numerical integration, 
- scaled (for state vector updates) B- 13. 

QARG: Intermediate quantity used in "KEPPREP", computed in quasi- floating 
point fashion, with scaling (for numerator and denominator already 
normalized) BO. It corresponds to s divided by the square root of 
mu, and is stored in push-down list location 4D. Hence AS QARG has 
scale factor B7. 

QPRET: Single precision cell assigned to each job in the interpretive lan
guage, which may be used to retain return address information. Cell 
is preloaded with proper exit address from orbital integration system 
of routines before transfer to "INTWAKE"; before using the orbital 
integration package, subroutine "INTSTALL" is performed which returns 
immediately to the calling routine if the orbital integration package 
is not already in use by another user (at a lower job priority), and 
otherwise retains in QPRET the return address to the routine calling 
"INTSTALL". 

ORBI-21 



!ul: See General Program Control. 

R h : Position vector of "other" vehicle (i.e., OWS) transmitted on -ot er 
downlink, scale factor B29, units meters. 

R t: Value of position vector within orbital integration (when last 
-rec rectification or equivalent function was performed), scale factor 

B29, units meters. 

R R : "Permanent" values of R for CSM and OWS respectively, - rectcm' -rectlm -rect 
same scale factor and units as R . 

- rect 

RCV: Value of conic position vector within orbital integration routine, 
scale factor B29, units meters. Also used as communication cell with 
orbital integration package (when entered via "INTEGRVS") to specify 
the position component of the state vector to be integrated. 

RCV , RCV1 : "Permanent" value of RCV for CSM and OWS respectively, same -cm - m 
scale factor and units as RCV. 

RHO : Ratio of magnitudes of ALPHAV and BETAV (before becoming unit vectors) 
computed in "GAMCOMP", scale- factor Bl, stored in push- down list 
location 4D . 

T : Time (as of start of integration cycle) since last rectification, 
c scale factor B28 , units centi-seconds. Set 0 in "RECTIFY", and 

incremented in Kepler computations (see Conic Routines). 

T T : "Permanent" value of T for CSM and OWS respectively, same ccm' elm c 
units and scaling. 

Td : Value of "decision time", i.e., final value of time to which state ec vector must be integrated, scale factor B28, units centi- seconds. 

Tet: Value of the time associated with the orbital integration routine 
state vector, scale factor B28, units centi- seconds. It is incre
mented in "NBRANCH". 

T T : "Permanent" value of T for CSM and OWS state vectors res -etcm' etlm et 
pectively, same units and scaling . T is called "TETLEM", etlm 
"TETOTHER", and "T- OTHER" in program. 

Tpptml: See IMU Computations. 

TAUORB: Time within integration cycle since last rectification (or total 
conic integration time required), scale factor B28, units centi
seconds. Program notation is "TAU.". 
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( 
TBASE2: Single precision cell used generally for retention of time base 

information for restart group 2 (see 3420.5-27), for waitlist 
restarts. Used in "INTWAKE" to permit retention of QPRET value for 
restart purposes (since QPRET of job involved would be lost if a 
restart generated, because it generally is in VAC area as described 
in 3420 . 5- 27). 

TDELTA~: Vector position deviation (from conic) within orbital integration 
package, scale factor B22, units meters . 

TNUV: Vector velocity deviation (from conic) within orbital integration 
- package, scale factor B3, units meters / centi- second. 

TTOADD : Value of time increment used in "CKMID2" if MIDlFLAG = O, program 
notation "T- TO- ADD", scale factor B28, units centi-seconds. Normal 
value is the same as K • d , but it is incremented by that constant time t 
if the "CKMID2" check using K5 6 fails. p secs 

~1 : See General Program Control. 

V h : Velocity vector of "other" vehicle (i . e., OWS) transmitted on 
-ot er 

downlink, scale facto r B7, units meters / centi- second . 

V : Va lue of velocity vector within orbital integration (when last 
- rect · f · · · 1 f t · f d) 1 f B7 recti ication or equiva ent unc ion was per orme , sea e _ actor , 

units meters / centi- second . 

V V : "Permanent" value of V t for CSM and OWS respectively, - rectcm' - rectlm - rec 
same units and scaling . 

VCV : Value of conic velocity vector within orbital integration routine, 
scale factor B7, units meters / centi- second. Also used as communica
tion cell with orbital integration package (when entered via 
"INTEGRVS") to specify the velocity component of the state vector to 
be integrated. 

VCV , VCV : "Permanent" value of VCV for CSM and OWS respectively, same 
-cm . - lm 

scale factor and units as VCV. 

VECTAB . : Temporary storage for values of position vector of vehicle , 
- i 

loaded in "ACCOMP" and used in "POW •• " for orbital integration updat
ing of W matrix. 

W.: See Measurement Incorporation . 
--i 

XKEP: Value of quantity used in previous cycle through Kepler's equation 
(program notation also "XPREV"), scale factor Bl7. Set 0 e.g. in 

"RECTIFY". Units are./ meters . 
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XKEPcm' XKEP1m: "Permanent" value of XKEP for CSM and OWS respectively, 

same scaling . 

XKEPNEW: "New" value of XKEP computed in "KEPPREP" , scale factor Bl7. 

YV: Communication cell with integration routines, set to TDELTAV in 
"INTGRATE" and also used for W matrix updating. 

ZV: Communication cell with integration routines, set to TNUV in "INTGRATE" 
and also used for W matrix updating. 
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Orbital and Rendezvous Navigation 

PR00-20 

Perform ''R02BOTH11 

DBPTC = ADB 

Set bit 12(R27FLAG) of FLGWRDll = 0 

Set bit 8(CSMUPDAT) of FLAGWRDl = 1 

Set bit 15(V50Nl8FL) of FLAGWRD3 = 1 

Set bit 5(TRACKFLG) of FLAGWRDl = 1 

OPTION2 = 0 

If bit ?(AUTOSEQ) of FLGWRDlO = 0 : 

TS = 00024g 

(already 1 frorri 11 ISITP00 11 ) 

Option 0: OWS/ 11 VECPOINT 11 

1: Celes.Body/"VECPOINT 11 

2 : Rotation 
4: OWS/3 axis 
5: Celes.Body/3 axis 

Proceed to 11GOPERF4 11
: if terminate, proceed to 11GOTOPOOH11 

if proceed, proceed 
otherwise, proceed to previous line 

If (bits 2-1 of OPTION2) f 002: (e.g. options 1, 2, or 5) 

Proceed to 11 DOV6N78 11 

UTPIT = K35d egang (constant is -35°) (Tag here 11 PRELOD78 11 ) 

UTYAW = 0 

AZIMANGL = 0 

If bit 7(AUTOSEQ) of FLGWRDlO = 1: 

Proceed to 11 P200PT 11 

Proceed to 11 DOV6N78" 

DOV6N78 

TS = 0678 vn 

Proceed to "VNFLA.SH" : (if terminate, proceed to 11GOTOPOOH11 ) 

if proceed, proceed 
otherwise, proceed to previous line 
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TS = 0679 vn 

Perform ''VNFLASHR": (if terminate, proceed to "G0rOPOOH") 
if proceed, skip next 3 lines 
otherwise, proceed to previous line 

If bit 2 of OPTION2 = 0 : (e.g. options 0, 1, 4, or 5) 

TS = 1012 and perform "BLANKET" 

End of job 

(R3BINK and RlBLNK) 

If bit 3 of OPTION2 = 1: (e.g . option 4 or 5) (Tag here "ENDV6N79 11
) 

Set bit 8(AZIMFLAG) of FLGWRDll = 1 

Proceed to second line of "P200PT 11 

Proceed to "P200PT" 

P200PT 

Set bit 8(AZIMFLAG) of FLGWRDll = 0 

If (bits 2-1 of OPTION2) = 002 : (e .g . option 0 or 4) 

Set bit 9(UTFLAG) of FLAGWRD8 = 0 

Set bit ?(UPDATFLG) of FL.l\.GWRDl = 1 

Proceed to "NDUTINPT" 

OPTNTYPE = (bits 2-1 of OPTION2) - 1 

Set bit 9(UTFLAG) of FLAGWRD8 = 1 

Set bit 7 (RNDVZFI.G) of FLAGWRDO = 0 

If OPTNTYPE ) 0 : (e.g. option 2) 

(Tag here "UTKINPUT") 

TS = 0634 vn 
(Tag here "TYPE2IN") 

Proceed to "VNFLASH1': (if terminate, proceed to "GOTOPOOH") 
if proceed, proceed 
otherwise, proceed to previous line 

R67TIME = DSPTEMl 

Proceed to 11NDUTINPT" 

Proceed to "VlN?ODSP" (e .g. option 1 or 5) 
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VlN?ODSP 

TS = 0170 vn 

Proceed to "VNFLASH" : (if terminate, proceed to "GOTOPOOH 11
) 

if proceed, proceed 
otherwise, proceed to previous line 

If STARCODE < 0: (contrary to e.g. "R.51DSP", - 0, i.e. 777778, 
is not rejected here) 

Set bit ?(Operator Error) of channel 11 = 1 

Proceed to "VlN?ODSP" 

If STARCODE > 478 : 

Set bit ?(Operator Error) of channel 11 = 1 

Proceed to "VlN?ODSP" 

UTSTARNO = (bits 6-1 of STARCODE) (note get 778, not defined, for 
an original input of -0) 

If UTSTARNO ) 0: (includes original - 0 STARCODE input : will 
be treated as "earth" in · "UTAREAl") 

Proceed to "NDUTINPT" 

TS = 0688 vn 

Proceed to "VNFLASH": (if terminate, proceed to "GOTOPOOH") 
if proceed, proceed 
otherwise , proceed to previous line 

PLANVCU! = STARSAVl 

Proceed to "NDUTINPT" 

NDUTINPT 

Set restart group 2 to cause a start at next line (priority 268 to PHSPRDT2) 

If bit 9(UTFLAG) of FLAGWRD8 = 1 : 

Establish "STATINTl" (priority 058) (Tag here "INTSETUP") 

Set restart group 2 to phase 5(i.e . 2.5, causing 11STATINT1" to 
be established with priority 058 if a restart) 

Set restart group 1 to phase ll(i.e . 1.11, causing "PIKUP20" to 
be established with priority 108 if a restart) 

Proceed to "PIKUP2011 

ORVN-3 



MARKTIME = T now 

Perform 11 SETINTG 11 

(communication cell with "SETINTG'') 

If bit 8(CSMUPDAT) of FLAGWRDl = 1 : 

Set bit J(CSMINTSW) of FLAGWRD3 = 0 

Perform "INTfilRV1 1 

Set restart group 2 to start at next line 

Perform "SETINTG" 

If bit l(RENDWFl.G) of FLAGWRD5 = 1: 

Set bit l(WMATINT) of FLAGWRD3 = 1 

If bit 8(CSMUPDAT) of FLAGWRDl = 0: 

Set bit 3(CSMINTSW) of FLAGWRD3 = 0 

Perform 11 INTIDRV1 1 

Set bit 7(RNDV'ZF1G) of FLAGWRDO = 1 

Establish "R22" (priority 268) 

Set restart group 2 to phase 7 (i.e. 2.7, causing "R22" to be 
established with priority 108 if a restart) 

Set restart group 1 to phase 11 (i.e . 1.11, causing "PIKUP20 11 to 
be established with priority 108 if a restart) 

Perform "AUTOCHK" 

Proceed to "PIKUP20" 

(returns irrunediately if bit 7(AUTOSEQ) of Fl.GWRDlO 
is zero) 

PIKUP20 (Entered from "NDUTINPT" and due to restart group 1.11) 

Change priority of present job to 148 

If bit 5(TRACKFl.G) of FLAGWRDl = 0: 

Proceed to "FIX.DB" 

If bit 13(REFSMFl.G) of FLAGWRD3 = 0: 

Proceed to "FIX.DB" 

R61CNTR = 0 
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If bit 9(UTFLAG) of FLAGWRD8 = 1: 

Proceed to 11 CALIB6X 11 

Call "CTASK" in 0.01 second 

Set bit 14(R21MARK) of FLAGWRD2 = 1 

Perform 11R6lCSM11 

If bit 15(PCMANFLG) of FLGWRDlO = 1: 

Proceed to third line of "AUTOCHK" 

Proceed to "P20TRACK 11 

P20TRACK 

Set bit lO(LMI'RG) of FLAGWRDl = 1 

Perform "R52" 

Perform 11MKRELEAS 11 

Proceed to "FIXDB" 

PROG21 

OPTION2 = 1 

Set bit 5(TRACKFLG) of FLAGWRDl = 1 

TS = 000028 

Proceed to "GOPERF4": if terminate, proceed to 11 GOTOPOOH11 

if proceed, proceed 

DSPTEMl = 0 

Proceed to "P21PROG1" 

P21PROG1 

TS = 0634 vn 

otherwise, proceed to previous line 

Proceed to "VNFLASH": (if terminate, proceed to "GOTOPOOH") 
if proceed, proceed 

TS = DSPTEMl 

If TS = 0: 

TS= T now 

Proceed to "P21PROG2" 

otherwise, proceed to previous line 
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P21PRCG2 

Tdecl = TS 

Perform "INTSTALL" 

If bit 12(P21FLAG) of FLAGWRD2 = 0: 

Set bit 3(CSMINTSW) of FLAGWRD3 = 1 

If /OPTION2j ~ 2: 

(set 0 e.g. in "INITSUB") 

Set bit 3(CSMINTSW) of FLAGWRD3 = 0 

Set bits 4(CONICINT) and l(WMATINT) of FLAGWRD3 = 0 

Perform "INTED-RV" 

If bit .12(P21FLAG) of FLAGWRD2 = 1 : 

RC.Y: = P21BAS:E;R 

vcy = P21BASEY 

(tag here "P21CONT") 

T et = P21TIME 

Set bit l(WMATINT) of FLAGWRD3 = 0 

Perform "INTEGRVS" 

P21TIME = Tatt 

P21BASER = Rattl 

P21BASEY = Yattl 

(Tag here "P21VSAVE") 

(Note that bit 4 not set . ) 

If bit lO(NEWTFLAG) of FLAGWRD5 = 1: (i.e. from P29) 

Set bit lO(NEWTFLAG) of FLAGWRD5 = 0 

Proceed to "HOP29DSP" 

If bit l(P29FLAG) of FLAGWRDO = 1: 

Proceed to "LONGPASS'' 

P21 VEL = \ P21BASE1 J . (X2 used to shift, but 0 from "INTEXIT") 
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P21GAM = sin- l {<unitE.att .Yatt) / P21VEL) 

Set bit 12(P21FLAG) of FLAGWRD2 = 1 

ALPHA.Y = Batt 

Set bit 13(ERADCOMP) of FLAGWRDl = 0 

TS = Tatt 

Perform 11 LAT - LONG11 

P21ALT = KkpOl ALT 

TS = 0643 vn 

Proceed to 11 GOFLASH11 : if terminate, proceed to "GOTOPOOH11 

if proceed, proceed to 11GOTOPOOH 11 

otherwise, proceed 

DSPTEMldp = P21TIME + 

Proceed to 11 P21PROG1 11 

P25CSM 

K 600sec 

Set bit 4(P25FLAG) of FLGWRDll = 1 

Set bit 7(RNDVZFLG) of FLAGWRDO = 0 

TS = 0672 vn 

Proceed to 11 VNFLASH11
: (if terminate, proceed to "GOTOPOOH11 ) 

if proceed, proceed 
otherwise, proceed to previous line 

Perform 11N72STUFF 11 

Call 11READCYCV1 in 0. 01 second 

Call 11 CTASK" in 0 .01 second 

Delay 2 seconds (by putting job to sleep via 11 DELAYJOB11
) 

Proceed to 11 BOTHSHOW" 
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72SHOWX 

TS = 0672 vn 

Proceed to "VNFLASH" : (if terminate, proceed to "GOTOPOOH") 
if proceed, proceed 
otherwise, proceed to previous line 

Perform "N72STUFF" 

Proceed to "BOTHSHOW" 

BOT HS HOW Entered from "P25CSM11 and "72SHOWX" 

If bit lO (NOUNFI.G ) of FI.GWRDll = 0: 

TS = 1676 vn 

Proceed to "GOFLASH" : if terminate, proceed to 11 GOTOPOOH11 

if proceed, proceed 
otherwise, proceed to "72SHOWX" 

Set bit lO(NOUNFI.G) of FI.GWRDll = 1 

TS = 1677 vn 

(tag here "77SHOW11 ) 

Proceed to "GOFLASH11 : if terminate, proceed to 11 GOTOPOOH11 

if proceed, proceed 
otherwise, proceed to 11 72SHOWX 11 

Proceed to 11 GOTOPOOH 11 

READ CY CL Called by 11P25CSM11 and 11R27JOB " 

Establish 11R27JOB11 (priority 208) 

End of task 

R27JOB Established by 11READCYCL11 

Perform 11R27Gb 11 

Call "READCYCL 11 in 2 seconis 

End of job 
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TIMETASK Called by 11 CTASK 11 

TFO = FIXTIME - BUFTIME (written over below while still in task) 

If TFO =f 0: (e.g. manual N72 input to change FIXTIME) 

Perform "N72STUFF" 

Proceed to "CTASK'' 

Called by 11 PIKUP20", "P25CSM", "P47CSM" (P4S), and "RELINUS" 

Call "TIMETASK" in 1 second 

TFO = T - FIXTIME now 

If }TFol > 0.64 second: 

End of task 

If bit 5(TRACKFLG) of FLAGWRDl = 0 : 

End of task 

CDUSNAE = CDQ. 

CDUSNAPT = CDUT 

CDUSNAPS = CDUS 

Establish "PHIJOB" (priority 27g) 

End of task 

N72STUFF Entered from "P25CSM", "P4SCSM","TIMETASK", and "72SHOW.X:" 

Inhibit interrupts 

Set bits lO(NOUNFLG) and J(TDFLAG) of FLGWRDll = 0 

PHETA = KdpmOl 

If FIXTIME = 0: sp 

Set bit lO(NOUNFLG) of FLGWRDll = 1 

Set bit 9(N77FLAG) of FLGWRDll = 0 

Release interrupts 

BUFTIME = FIXTIME 

Return 
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PHI JOB Established by 11 CTASK 11 

Delay 0. 5 second (by putting job to sleep via 11DELAYJOB11) 

Perform 11 PHICOMP 11 

Set bit 6(SNAPFLAG ) of FLGWRDll = 0 

End of job 

PHICOMP Entered from 11 PHIJOB 11 and 11 THISJAZZ 11 

TS
2 
+3 CDUSNAPS 

TS2+5 CDUSNAPT 

Xl = - 11Ts 11 
2 

Perform 11 SXTNB11 

VECLO§. = T§. 

If bit 7(FIXFLAG) of FLGWRDll = 1: 

If (T - FIXTIME) }.. 0 : 
now , 

Set bit J(TDFLAG ) of FLGWRDll = 1 

Tdecl = FIXTIME 

Perform 11CSMPREC 11 

Proceed to 11 PREANGIE 11 

T = T 
de cl now 

(Tag here 11NOWCOMP11) 

Perform 11 CSMCONIC 11 

Proceed to 11 PREANGIE11 

PREANGIE 

(Tag here 11TDSNAP11) 

T§.1 = liatt 

T§.2 = Yatt 

(in 18D ) 

(in 24D ) 

(unitT§.
1 

loaded into OD ) 

CDUSPOT = (CDUSNAP , - y CDUSNAP , CDUSNAP ) z x 

Perform 11QUICTRIG11 

T§. = VECLO§. 

Perform 11ANGLER11 

Return 
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ANGLER Enter with T.§.1 r, lSD; T§.2 y, 24D; 
and 11 THISJAZ:i::. .... -

Perform 11 TRG~*NBSM11 starting at 2nd line 

T§. = T§. [REFsMMA'fl (in 6D) 

'1'9_
3 

= unit (1';?_ - ('1';?_ • unitT;?.1) unit'l'§1) 

unitT§.1' OD, from 11 PREANGLE 11 

(cf. 11 COMPDISP 11 

equations) 

(in 12D) 

TS
4 

= (unit(T§.1 ~*" T§.2) ~*" T§.1 ) • T§.3 

PHETA = cos -l ( (T§.3 . T§.) sgn Ts4) 

If (T§.1 · T§.) < 0: (note Vl6 monitor could observe 
the uncorrected value) 

PHETA = 

Return 

Set bit l(P29FLAG) of FLAGWRDO = 1 

Proceed to 11 PROG21 11 
(

11 P21PROG2 11 ex.its to 11 LONGPASS 11 since P29FLAG 
is set) 

LONG PASS 

TS = 0643vn 

Perform 11 VNFLASHR 11 : (if terminate, proceed to 11 GOTOPOOH11 ) 

if proceed, skip next 2 lines 
otherwise, proceed to previous line 

TS = 1012 and perform 11 BLANKET 11 

End of job 

(RJBLNK, RlBLNK) 

LONGFOR = LONG (LONG contents destroyed) 

Proceed to 11 HOP29DSP 11 

HOP29DSP 

T§.1 = unit~ 

TS2 = P21TIMK 

PASSTIME = TS2 

(tag also P29BASET) 

Set bit l(P29FL~G) of FLAGWRDO = 1 

DELTLONG = 0 
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Perform "RP- T0-R' 1 (leaves TS with Z polar vector) 

MUSUB~ = unit(T§ 1r P21BASEB) 

MUSUBQ = unit(T§. 1r MUSUB~) 

(P21BASER tag also P29BASER) 

T§1 = unit(P21BASER 1r P21BASEy) (P21BASEY tag also P29BASEY) 

MUSUB§ = unit (T§1 1r P21BASER) 

MUSUBN_ = T§1 sgn(T§1 ' TS) (T§ from "RP- TO-R11
) 

T§ = P21BASER 

Proceed to "HOPALONG" 

HOPALONG 

ALPHAV = TS - -

TS = PASSTIME 

Set bit 13(ERADCOMP) of FLAGWRDl = 0 

Perform "LAT-LONG' 1 

LNGERR = (LONG FOR - LONG), modulo 1 r evolution 

Ts1 = /LNGERRj -

If TS1 < 0 : 

K ·1 epsi ong 

Proceed to "PASSOUT" 

TS2 = TSl + Ktwiceeps 

If TS2 ~ 1 : (the 1 is revolutions) 

Proceed to "PASSOUT" 

If bit l(P29FLAG) of FLAGWRDO = 0 : (i .e. not first iteration) 

If ( TS2 - ~) ~ 0: (Tag here "MODULO") 

LNGERR = (TS2 - ~ - K - ~) sgn LNGERR · epsilong 

If bit l(P29FLAG) of FLAGWRDO = 1: (first iteration) 

Set bit l(P29FLAG) of FLAGWRDO = 0 

If LNGERR ( 0: 

LNGERR = LNGERR + (1 - 2- ZS) 

FUDGE = Kfearth 
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(same as 
LNGERR - 1 sgn LNGERR) 



( . 
Reset overflow indicator (Tag here "THETCOMP") 

TS = FUD.}E LNGERR + DELTLONG 

If overflow has taken place: (i.e . fTsj ~ 1 rev) 

TS = P21TIME + KbOOsec (Tag here "ADDTEN 11
) 

Set bit lO(NEWTFLAG) of FLAGWRD5 = 1 

Proceed to "P21PROG2 11 (exits to 11 HOP29DSP 11 ) 

DELTLONG = TS 

MUSUBJ2. = unit ( (MU SUB~ cos DELTLONG + MUSUB.Q. sin DELTLONG) ~~ MUSUBN.) 

ORBDLT =(cos - l (uni tP21BASEE_ • MUSUBJ2.~ sgn (MUSUBJ2. • MU SUB§) 

SNTH = sin ORBDLT 

CSTH = cos ORBDLT 

RVE.Q. = P21BASER 

VVE.Q = P21BASEY 

Set bit 9(RVSW) of FLAGWRD? = 0 (new n, y des i red) 

Perform 11TIMETHET 11 

PASSTIME = T + P21TIME 

TS = TS - -r (value from 11 TIMETHET 11
) 

Proceed to 11 HOPALONG 11 

PASSOUT 

DSPI'EMl = PASSTIME 

TS = 0634vn 

Proceed to 11GOFLASH11
: if terminate, proceed to 11GOTOPOOH11 

if proceed, proceed 

TS = 0643 vn 

otherwise, proceed to 11 LONGPASS 11 

Proceed to 11GOFLASH 11 
: if terminate , proceed to "GOTOPOOH11 

if proceed, proceed 
otherwise, proceed to 11 P29 11 

Proceed to 11GOTOPOOH 11 
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Quantities in Computations 

See also list of major variables and list of routines 

ADB: See Digital Autopilot Interface Routines. 

ALPHAX: See Coordinate Transformations. 

ALT: See Coordinate Transformations. 

AZIMANGL: Value of "rotation angle" used in options 4 and 5 (3-ax.is) of 
P20, scale factor BO, units revolutions. It is loaded via R3 of N78, 
and is also modified in "STARTAlIT" when a minimum key rendezvous 
sequence is started. Cell has no effect unless bit 8(AZIMFLAG) of 
FI.GWRDll = l; a "heads up'' value is o0 and a "heads down" 180°. 

BUFTIME: Value of FIXTIME sampled in "N72STUFF", scale factor B28, units 
centi-seconds, used in "TIMETASK" to determine if a change in FIXTIME 
made since previous cycle. 

CDUS: See Optics Computations. 

CDUSNA£:: Value of CDQ. sampled in "CTASK" or "THISJAZZ" and used in "PREANGLE", 
same scaling and units as CDQ. (single precision, B-1 revolutions). 

CDUSNAPS: Value of CDUS sampled as described for CDUSNAE, same scaling as CDUS. 

CDUSNAPT: Value of CDUT sampled as described for CDUSNAE, same scaling as CDUT. 

CDUSPa.!'..: See Coordinate Transformations. 

CDUT: See Optics Computations. 

CSTH: See Conic Routines. 

DBPTC: Single precision value of deadband used for P20 maneuvers, scale 
factor B-1, units revolutions. It is loaded into ADB in "R61CSM" and 
"R6ZSTART" (unle ss a value of zero is indicated, in which case the 
0.5 deadband is used). It is initialized to the current ADB at the 
start of "PROG20" , and can be loaded via R2 of N79. 

DELTLONG : Change in longitude computed in P29 from the time that "HOPALONG" 
was initiated, scale factor BO, units revolutions. It is the change 
from the vector reflected in e.g. P21BASEg. 

FIXTIME: Value of R27 optimization time loaded by N72, scale factor B28, 
units centi-seconds. A value of zero means no optimization is to be 
done. It is incremented in "WUNZMOR" after completion of an 
optimization pass. 
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FUDGE: Factor used to convert INGERR information to DELTLONG, scale factor 
Bl. It approximates the ratio of the number of revolutions of the 
spacecraft with respect to inertial space to the number with respect to 
a fixed longitude in equal time periods. 

K : Constant, program notation "35DEDANG", scale factor BO, units 
35degang revolutions. Value is - 0 .097222222222, corresponding to -35°. 

Used in "PROG20" to initialize UTPIT for rendezvous options . 

K
600 

: Constant, program notation 11 600SEC 11

8 
scale factor B28, units 

sec centi-seconds. Value is 60000 x 2-2 , corresponding to 600 seconds 
or 10 minutes. 

KdpmOl: See Burn Control. 

Ke silon : Constant, program notation "EPSILONG", scale factor BO, units 
p g revolutions. Value is 0.2777778E-4, corresponding to 0.01° 

(the P29 convergence criterion). 

Kfearth: Constant, ~rogram notatioi;- "FEAR.TH", scale_factor Bl, used to 
load FUDGE in P29 . Value is 1.06666667 x 2 , where first 

term is nominal value (i.e . 16/15) and second is scale factor. 
Corresponds roughly to proper FUDGE value for an earth-orbiting 
spacecraft with a period of 90 minutes (16 revs per 24 hours). 

KkpOl : Constant, program notation "K .01", scale factor BO, value 0 .01. 
Used to convert output from 11LAT-LONG" from units of meters to 

units of meters/100, so that DSKY display scale, usually X.X:XX.X nmi, 
will be :X:XXX:Xb. nmi instead for P21ALT . 

Kt . : Constant, program notation 11 TWICEEPS 11
, scale factor BO, units 

wiceeps 1 t. V . 0 6 · revo u ions. alue is .555555 E-4, corresponding to 0 .02°, 
or twice the value of K .1 • epsi ong 

lNGERR: Value of longitude error in P29, scale factor BO, units revolutions. 
Stored in push-dnwn list location OD. 

LONG: See Coordinate Transformations. 

LONGFOR: Value of desired longitude (entered into R2 of N43) in P29, scale 
factor BO, units revolutions. 

MARKTIME: See Measurement Incorporation. 

MUSUBQ: Unit vector, scale factor Bl, perpendicular to polar vector and 
MUSUB~, used in P29. 

MUSUBQ: Unit vector, scale factor Bl, used in P29 iteration to compute ORBDLT. 
Stored .in push-down list locations OD and 6D. 
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MUSUB~: Unit vector, scale factor Bl, in easterly direction, used in P29. 

MUSUBN: Unit vector, scale factor Bl, in plane defined by angular momentum 
(and same hemisphere as north polar axis ), used in P29. 

MUSUB§: Unit vector, scale factor Bl, in direction of tangential velocity for 
P29 computations . 

OPl'ION2: See Display Interface Routines. 

OPl'NTYPE: Single precision cell, scale factor Bl4, used to retain information 
on the P20 option selected: it is set equal to (bits 2-1 of OPl'ION2) - 1, 
hence zero for selection of option l/5(celes~ial body) and 1 for selection 
of option #2 (rotation) . Not loaded for option 0/4 (rendezvous) . 

ORBDLT: Required angle change (converted via 11TIMETHET 11 to a time and a new 
position vector) in the P29 loop, scale factor BO, units revolutions. 
Stored in push-down list location OD. 

P21ALT : Value of KkpOl ALT computed in 11P21PRffi211 for (optional) display 

in Rl of N73, scale factor B29, units (meters/100): see ~pOl' 

P21BASER: Value of P21/P29 11base'' vector for position (notation also 
P29BASER), scale factor B29, units meters. In P21, loaded after 
completion of integration to specified input time, and used to 
initialize the integration if bit 12(P21FLAG) of FLAGWRD2 = 1, thus 
permitting computation time to be saved if it is desired to iterate 
about a point which is a number of orbital integration time steps 
removed from the 11 permanent 11 CSM or OWS state vector. 

P21BASEV: Value of P21/P29 11base 11 vector for velocity (notation also 
P29BASEY), scale factor B7, units meters/centi-second. See P21BASER. 

P21GAM: Value of flight path angle computed in 11 P21PROG2 11 for (optional) 
display in R3 of N73 in P21, scale factor BO, units revolutions . 

P21TIME: Cell used to retain time information (notation also P29BASET), 
scale factor B28, units centi-seconds. Used to contain the time tag 
of P21BASER and P21BASEY, and to permit the incrementing of the time 
associated with the N34 display. 

P21VEL: Value of velocity computed in 11 P21PROG2 11 for (optional) display 
in R2 of N73 in P21, scale factor B7, units meters/centi-secon:i. 

PASSTIME: Time associated with current iteration in P29 loop, scale factor 
B28, units centi-se conds . When convergence criterion is satisfied, 
information in this cell is loaded in DSPI'EMl for N34 display. 

PHETA: Value of angle computed in 11 ANGLER 11 (initialized to -0.01° in 
"N72STUFF"), scale factor BO, units revolutions, displayed in R3 of 
N77. It is analogous to R3 of N54 (R31) in P48, and to R3 of N53 
(R34) in R22; in P25, it remains at -0.01° . Also set to - 0.01° 
in "SNAPPY" . 
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PLANVCU'.!:,: Value of STARSAV,l (N88) information sampled in "VlN70DSP" for 
use in options 1 or 5 of P20 (display generated if N70 = +O). Can 
be with arbitrary (but consistent) scaling. 

R61CNTR: Single precision cell, scale factor Bl4, used for control of 
"R61CSM" , and as a flag (if negative) that this routine has called 
R60 (requiring DSKY priority displays for the performance of the 
maneuver). Positive values cause the cell to be decremented and 
performance of the remainder of the routine to be bypassed; the setting 
to 3 causes the routine to be performed every fourth time it is 
entered, assuming that R61CNTR is not set 0 by the calling routine. 

R67TIME: Value of the time at which maneuver is to be started for option 
2 of P20, loaded in "P200PT" from N34 information, scale factor B28, 
units centi-secorrls. Used in 11 CAI.J...R6X 11 to determine when 11R67 11 

should be called, for OPTNTYPE > 0 ( i. e • option 2) . 

RCy: See Orbital Integration. 

RVEQ: See Conic Routines. 

SNTH: See Conic Routines. 

STAR.CODE: See Inflight Alignment . 

STARSAV,l: See Inflight Alignment. 

T: See Conic Routines. 

Tet: See Orbital Integration. 

TFO: Time from optimization, scale factor B28, units centi-seconds, displayed 
in R3 of N76. It is updated in 11 CTASK 11 (and used in 11 TIMETASK 11 for 
temporary storage purposes). 

UTPIT: Value of 11 pitch angle 11 used in P20, scale factor BO, units revolutions. 
It is loaded via R2 of N78, with a value of -35° the normal rendezvous 
initialization (preferred tracking axis) value. 

UTSTARNO: Value of bits 6-1 of STAR.CODE sampled in 11 VlN70DSP 11
, scale factor 

Bl4, for use in options 1 or 5 of P20. It is single precision. 

UTYAW : Value of 11 yaw angle 11 used in P20, scale factor BO, units revolutions. 
It is loaded via Rl of N78, with a value of zero the normal rendezvous 
initialization: zeros for UTPIT and UTYAW correspond to +X axis tracking. 

VCy: See Orbital Integration. 

VECLO§: Temporary storage for sighting information in 11 PHICOMP 11 , scale 
factor Bl, used to compute required angle information (optics line of 
sight information). 

VVEQ: See Conic Routines. 
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Prelaunch Alignment 

GTSCPSS Entered via V37 E 01 E 

If bit 12(NODOP01) of FLAGWRDl = 1: 

Proceed to "POODOO" (pattern 215218) 

Change priority of present job to 208 (was established at 138 ) 

GEOCOMPl = 1 (Logic checking th.is cell not shown) 

ldPIPADT = Kld t . ppg 

LENGTHOT = Kbt8 

lSECXTl = K1d2scx 

PREMTRXC = 1 

PERFDLAYdp = 1 ( centi-se cond) 

NEWAZMTH = LAUNCHAZ 

OLDAZMTH = LAUNCHAZ 

Perform "POSN17C" 

Perform "IMUZER011 (Tag here is "GEOIMUTT") 

Perform 11 IMUSTALL' 1
: if error return, proceed to "SOMERR2" 

otherwise, proceed 

NDXCTR = 0 

x = :.:u. c (1, o, 0) 

y = (0, sin C azmth' cos c th) .:Uc azm 

z = 
=cic (0, - cos c sin C ) azmth' azmth 

Perform 11 CALCGA' 1 

Perform "IMUCOARS" 

(comes here if MODREX} f 3, since should 
still be 1 at this point) 

If bit 14(GLOKFAIL) of FLAGWRD3 = 1: 

NDXCTR = NDXCTR + 1 

Set bit 14(GLOKFAIL) of FLAGWRD3 = 0 

Perform "IMUSTALL": if error return, proceed to "SOMERR2" 
otherwise, proceed 

If NDXCTR ) 0: 

Proceed to "PIPACHK 11 (a check of PIPA' s) 
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Perform 11 IMUFINE 11 

Perform 11 IMUSTALL 11
: if error return, proceed to 11 SOMERR2 11 

otherwise, proceed 

Call 11 GOESTIMS 11 in PERFDLAYdp centi-seconds (set t o 1 above ) 

Put present job to sleep (starting address id = 11 ESTIMS 11
) 

GOES TIMS 

Awaken job with starting address id 11 ESTIMS 11 

End of task 

SOMERR2 

Perform 11ALARM11 (pattern 1601
8

) 

Set bit 8 ( IMUSE ) of FLAGWRDO = 0 ( tag here is 11 ENDTESTl11 ) 

TS = - 0 and perform 11NEWMODEX11 (blanks program register) 

Perform 11MKREIBAS 11 

Proceed to 11 ENDEXT 11 

POSN17C ( 

X (0 , - cos NEWAZMTH, sin NEWAZMTH ) - sm 

Y ( 0, sin NEWAZMTH, cos NEWAZMTH ) - sm 

z ( - 1, o, 0 ) - sm 

Return 

ES TIMS Entered from awakened job via 11 GOESTIMS 11 , or from end of 
11 ALFLT 11 for azimuth change 

Inhibit interrupts 

GTSWTLTl = TIMEl 

PIPA = 0 

Release interrupts 

INTVECl = 0 
y 

INTVECl = 0 
z 

FILDELVl = 0 
y 

PREL-2 



FILDELVl = 0 
z 

THETAN_ = 0 

GCOMPSW = 0 

GCO:Mf: = 0 

DELY. = 0 

ER.VECTOR = Komegms(sin Catd' - cos Catd' 0) 

Tmark = Tnow 

ERCO~ = 0 

ERECTIME = LENGTHOT 

TS = 02 and perform 11 NEWMODEX11 

Perform "PIPUSE 11 

LENGTHOT = 9 

Proceed to 11 SLEEPIE11 

SLEEP IE 

Perform 11 CHKCOMED 11 

Perform 11 SETGWLST 11 

End of job 

CHKCOMED 

Inhibit interrupts 

If MODRfil = 7 : 

Return 

If bit 5(Li ftoff complement) of channel 30 = 1: 

If bit 5(BKUPLO) of FLAGWRD5 = 0: 

Release inter rupts 

Return 

(set 1 by "LFTFIGON" 
for a V75E) 

Set priority of present job to 22g (was established at that anyhow) 

Proceed to 11 Pll11 
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SETGWLST 

Inhibit interrupts 

TS = GTSWTLTl - TIMEl 

If TS> 0: 

TS = TS - 163.83 seconds (should be 163.84) 

TS = TS + lSECXTl 

If TS ~ 0: 

TS = 0 .04 seconds 

Call 11 ALLOOP 11 in TS seconds 

Return (interrupts released e.g. by End of job) 

ALLOOP 

GTSWTLTl = TIMEl 

Set restart group 5 to cause restart at next line 

Set DELV = PIPA and PIP~ = +O (no special restart provisions) -sp -

Set restart group 5 to cause restart at next line 

Establish "ALFLT" (priority 22
8

) 

End of task 

ALF LT 

Perform "CHKCOMED" 

Perform "l/PIPA 11 

TS = DELV rx l - - r smj 

DPIPAY = - TS 

DPIPAZ = TS 
z 

y 

FILDELVl = FILDELVl + K l (DPIPAY - FILVELVl ) y y geoc y 

INTVECl = INTVECl + FILDELVl y y y 

FILDELVl = FILDELVl + K l (DPIPAZ - FILDELVl ) z z geoc z 

INTVECl = INTVECl + FILDELVl z z z 
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If ERECTIME f 0: 

THETAN = THETAN - K 
5 y y geoc (FILDELVl + K 

2 
INTVECl ) z geoc z 

THETAN = THETAN - K 
5 z z geoc (FILDELVl + K 

2 
INTVECl ) y geoc y 

If ERECTIME = 0 : 

THETAN = THETAN + K . FILDELVl x x pipgyr y 

THETAN = THETAN - K 
3 

FILDELVl y y geoc z 

THETAN = THETAN - K 
3 z z geoc 

If LENGTHOT > 0: 

LENGTHOT = LENGTHOT - 1 

Proceed to "SLEEPIE" 

Perform "CHKCOMED11 

FILDELVl 
y 

- K INTVECl geoc4 z 

If I.GYRO > 0: (gyros torquing, e.g. from "l/PIPA" 
compensation) 

Proceed to "SLEEPIE" 

ER.CO~ = ER.CO~ + [ xsJ THETAN 

Perform "EARTHR~H 1 

THETAN = 0 

Note that restart protection 
from here onward is priority 
208 (job established at 228 ). 

If PREMTRXC ) 0: (set 0 by "AZMTHCGl") 

ERECTIME = ERECTIME - 1, limited ~ 0 

LENGTHOT = 9 

Proceed to "SLEEPIE" 

TS = LAUNCHAZ - OLDAZMTH 

If TS = 0: 

PREMTRX.C = 1 

ERECTIME = ERECTIME - 1, limited ~o 

LENGTHOT = 9 

Proceed to "SLEEPIE" 
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PREMTRXC = 1 

NEWAZMTH = LAUNCHAZ 

ERCOMP = TS z 

Perform 11 POSNl 7C" 

OLDAZMTH = NEWAZMTH 

LENGTHOT = ~t? 

TS = 11 ERCOMP 11 

Perform 11 IMUPULSE 11 

(zero elements not reset 0) 

Perform 11 IMUSTALL 11
: if error return, proceed to "SOMERR2 11 

otherwise, proceed 

Proceed to 11 ESTIMS 11 

EARTHR~~ 

TS = T now 

TS1 = TS - Tmark 

If TS
1 

< 0: 

TS
1 

= TS
1 

+ 228 centi-seconds 

ERCOM;E = ERCOM;E + (xsmJ TS1 ERVECTOR 

T = TS mark 

TS = 11 ERCOMP 11 

Perform 11 IMUPULSE 11 

Perform 11 IMUSTALL 11 : if error return, proceed to 11 SOMERR2 11 

otherwise, proceed 

Return 

AZMTHCGl Established by 11 CHAZFCGC 11 for V78E, with priority 168 

DSP'IEMl = NEWAZMTH, converted to single precision twos complement, 
scale factor B-1, units revolutions. 

Perform 11 CLEANDSP 11 
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TS = 0629 vn 

Proceed to "GOFLASH": if terminate, skip next line 
if proceed, proceed 
otherwise, proceed to previous line 

LAUNCHAZ = DSPTEMl, converted to double precision ones complement, 
scale factor BO, units revolutions 

PREMTRXC = 0 

Proceed to 11 PINBRNCH" 

GCOMPVER Established by "CKOPTVB" for V65E, with priority 168 

TS = 03 and perform 11 NEWMODEX 11 

~c = (1, 0, 0) 

~c = (0, sin Cazmth' cos Cazmth) 

~c = (O, - cos Cazmth' sin Cazmth) 

Perform "MKRELEAS" (comes here if MODRED = 3, as it should) 

Perform the following for i = 1 and then i = 2: 

DSPTEM1+2 = i 

DSPTEMl+O = TAZ. 
l 

DSPTEMl+l = TEL. 
l 

TS = 0530 vn 

Perform "GODSPRET" 

Proceed to 11GOFLASH 11
: if terminate, proceed to 11GCOMP5 11 

if proceed, proceed 

TAZ. = DSPT:El-U+O 
l 

TEL. = DSPTEMl+l 
l 

STARCODE = 1 

otherwise, proceed to 3rd previous line 

PREL-7 



TS = 0 

Perform ''TARGDRVE'' 

STARAQ = [xsml (sin TEL
1

, - cos TAZ
1 

cos TEL
1

, sin TAZ
1 

cos TEL
1

) 

STARBQ = ~sm] (sin TEL
2

, - cos TAZ2 cos TEL
2

, sin TAZ2 cos TEL2 ) 

Xl = - "MRKBUFl" 

CDUSP01'._ = ~2-Xl 

Perform "SXTNB" (here if bit 11 (ATMFLAG) of FLAGWRDO 0, as 
it should) 

Perform "TRG~*NBSM1' 

LOSVEQ. = T§. 

STARCODE = 2 

TS = 6 

Perform "TARGDRVE" 

Xl = - "MRKBUFl" 

CDUSP01'._ = ~2-Xl 

Perform 11 SXTNB 11 

Perform 11 TRG~~NBSM11 

STARBQ = T§. 

STARAQ = LOSVEQ. 

Perform "AXISGEN" 

Perform 11 CALCGTA 11 

TS = 0693 vn 

(Tag here "NEXBNKSS") 

(here if bit 11 (ATMFLAG) of FLAGWRDO 0 , as 
it should) 

Proceed to 11 GOFLASH 11
: if terminate, proceed to "GCOMP5'' 

if proceed, proceed 
otherwise, proceed to previous line 

ERCOMJ: = ER.COME_ + CGQ 

Proceed to 11GCOMP5 11 
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GCOMP5 

TS = 02 and perform 11NEWMODEX11 

End of job 

TARGDRVE 

If TS = 0: 

STAR = (sin TEL1 , - cos TAZ1 cos TEL1 , sin TAZ1 cos TEL
1

) 

If TS = 6: 

STAR = (sin TEL2 , - cos TAZ2 cos TEL2 , sin TAZ2 cos TEL2 ) 

Perform 11 SXTANG11 

DESOPTS = SAC sp 

DESOPTT = PAC sp 

Proceed to 11RETARG 11 

RETARG 

OPTIND = +O 

Perform 11 SXTMARK 11 

If MARKINDX > 0: (no mark obtained) 

Proceed to 11 REI'ARG 11 

Perform 11 MKRELEAS11 

Return (to routine calling 11 TARGDRVE 11
) 
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Quantities in Computations 

See also list of major variables and list of routines 

ldPIPADT; See IMU Computations. 

lSECXTl: Single precision quantity, scale factor Bl4, units centi
seconds, giving required period of computations for 11ALLOOP 11

• 

Set to 0.5 seconds for gyro compassing. 

C td: Erasable memory (double precision) constant, program notation 
a 11 LATITUDE 11

, scale factor BO, units revolutions. It gives the 
11 local vertical astronomical latitude 11 of the pad. 

C th: Erasable memory (double precision) constant, program notation 
azm 11AZIMUTH 11 , scale factor BO, units revolutions. It gives the 

11 azimuth of the vehicle Z-axis east of north. 11 

CDUSPOT: See Coordinate Transformations. 

DESOPTS, DESOPTT: See Optics Computations. 

DPIPAi (i = Y,Z): Value of accelerometer output modified for use in 
gyrocompassing. The y axis of this system is south and the z 
a.xis is east (from [xSI~})· Scale factor of DPIPAi is Bl4, units 
accelerometer counts. 

ERCOME: Value of gyro compensation to be sent to gyros, scale factor 
B21, units pulses (or scale factor BO, units revolutions, since 
one pulse is 2-21 revolution). Program notation also 11 ERCOMPl11

• 

ERECTIME: Single precision length of time to be spent in erection phase, 
scale factor Bl4, units of five-second gyro compassing cycles. 
It is set to LENGTHOT in 11 ESTIMS 11

• Program notation also 11 ERECTIMl11
• 

ER.VECTOR: Earth rotation vector initialized in 11ESTIMS 11
, scale factor Bl, 

units gyro pulses/centi-second. 

FILDELVl y,z Filtered velocity in the y and z directions, scale factor 
Bl4, units accelerometer counts. Here 11 y 11 is north. 

GCOME, GCOMPSW: See IMU Computations. 

GEOCOMPl: Single precision cell set positive non-zero to indicate 
that gyro-compassing computations are being performed. The logic 
that checks this cell is not shown in this writeup. See 
Testing Routines. 

GTSWTLTl: Single precision cell, scale factor Bl4, units centi-seconds, 
giving the value of TIMEl when 11ALLOOP 11 last entered, and used to 
construct proper waitlist value for the next call in 11SETGWLST 11

• 
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INTVECl : Summed values of FILDELVl and FILDELVl respectively, 
yiz Y z 

sea e factor Bl4, units accelerometer counts. 

K1d2 : Single precision constant, program notation "l/2SECX'', scale 
sex factor Bl4, units centi-seconds. Value is 50 x 2-14, 

corresponding to 0 .5 second . 

K1d t: Single precision constant, program notation "l/PIPAGT", scale 
ppg factor B8, units centi-seconds . Value is 062008, corresponding 

to 0.5 seconds. 

Kbt?: Single precision constant, program notation "BIT?'', scale factor 
Bl4, units of five-second gyro compassing cycles. Octal value is 
001008, corresponding to decimal 64, used to load LENGTHOT, and 
thence ERECTIME, for a change in input azimuth: value gives 64 x 5 
320 seconds for vertical erection. 

~t8 : Single precision constant, program notation "BIT8" , scale factor 
Bl4, units of five-second gyro compassing cycles. Octal value is 
002008, corresponding to decimal 128, used to load LENGTHOT, and 
thence ERECTIME, at start of POl (in "GTSCPSS") : value gives 128 x 5 
640 seconds for vertical erection at start of P02. 

K · Constant, program notation "GEOCONSl" , scale factor BO, value geocl' 
0 .1. 

K · Constant, program notation "GEOCONS2" , scale factor BO, value geoc2' 0.005. 

K 
3

: Constant, program notation "GEOCONS3", scale factor B7, units 
geoc gyro pulses/accelerometer pulse . Value is 0.062, corresponding 

to a "true" value of 7,936. 

K 
4

: Constant, program notation "GEOCONS4", scale factor B7, units 
geoc gyro pulses/accelerometer pulse. Value is 0.0003, corresponding 

to a "true" value of 0.0384 . 

K : Constant, program notation "GEOCONS5" , scale factor B7, units 
geoc5 gyro pulses/accelerometer pulse. Value is 0.5, corresponding 

to a "true" value of 64. 

Komegms: Const~nt, prog~am notation 11 0ME?/ MS 11 , scale factor BO, unit s 
gyro.pulses/centi-second. Value is 0. 243 39048, corresponding 

approximately to (l/86164.0932) x io-2 x 221, where first term i s 
earth rotation period in second s (used to derive constant ) , second 
converts to centi-seconds, and third is number of gyro torquing pulses 
in one revolution. 

K . : Dummy constant used to indicate change in units between acc-
pipgyr elerometer pulses and gyro tor~uing pulses, scale factor B?. 

Value is 1.00, corresponding to 2 or 128. 
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LAUNCHAZ: Value of desired launch azimuth, scale factor BO, units 
revolutions. Since is used at the start of POl, should form 
part of prelaunch erasable load, although it can also be updated 
in 11 AZMTHCG1 11 (via V78E) . Program notation also 11 LUNCHAZl11

• 

LENGTHOT: Single precision cell, scale factor Bl4, loaded 
with ~ta (for loading into ERECTIME ) and at the end 
if a new azimuth specification received, with ~ . 
used as a counter of the number of half-se conds t~at 

in 11GTSCPSS 11 

of 11ALFLT 11
, 

It is also 
have elapsed 

since the previous entrance to 11 EARTHR~<11 
, to control the nominal 

gyro compassing cycle of five seconds (via an initial setting to 
9 and a lSECXTl setting to 0.5 seconds). 

LGYRO: See IMU Computations. 

LOSVEQ : Unit vector, scale factor Bl, serving in 11 GCOMPVER 11 as a 
temporary storage cell for the sighting vector to the first 
target. 

MARKINDX, MRKBUFl : See Optics Computations. 

NDXCTR: Single precision cell, scale factor Bl4, used in 11 GTSCPSS 11 

to retain information on bit 14(GLOKFAIL) of FLAGWRDJ, which 
should be 0 if do POl . 

NEWAZMTH : Communication cell with 11 POSNl?C 11
, scale factor BO, units 

revolutions, used to compute the required orientation of the 
stable member. Program notation also 11 NEWAZ1" . Set to LAUNCHAZ 
in 11 GTSCPSS 11 and 11 ALFLT 11 (if an input azimuth change ) . 

OGC : See Coordinate Transformations . 

OLDAZMTH : Value of azimuth angle presently reflected in computations, 
scale factor BO, units revolutions. If, with PREMTRXC = O, 
LAUNCHAZ = OLDAZMTH, it is concluded that no input change took 
place, and no re-initialization (via entrance to 11 ESTIMS 11

) of 
gyro compassing is done. OLDAZMTH is set as described for 
NEWAZMTH, but at a slightly different time for restart considera
tions. 

OPTIND: See Optics Computations. 

PAC: See Coordinate Transformations. 

PERFDDAY: Communication cell with routine calling 11 GOESTIMS 11
, set to 

one centi-second at start of 11 GTSCPSSll , scale factor B28, units 
centi-se conds (the 11 LONGCALL 11 entrance to the waitlist system is 
used). 

PIPA : See IMU Computations . 
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PREMTRXC: Single precision cell, scale factor Bl4, initialized to 1 in 
"GTSCPSS" and set 0 at the end of 11AZMI'HCGl 11

• If sensed as 0 in 
"ALFLT"(when I.J!1i!GTHOT has run down), then, if LAUNCHAZ =f OLDAZMI'H, 
gyro compassing is re-initialized . In any event, PREMTRXC is reset 
to 1. Program notation also "PREMTRX.l". 

SAC : See Coordinate Transformations. 

STAR: See Coordinate Transformations. 

STARAQ, STARAQ, STARBQ, STARBQ: See Coordinate Transformations. 

STARCODE: See Inflight Alignment (setting in "GCOMPVER 11 is not functional, 
since the cell is not displayed by the mark routine). 

T k: Value of time when previous earth- rate compensation was made, 
mar scale factor B28, units centi-seconds. 

TAZ1 , TAZ2 , TEL1, TEL2 : Single precision erasable memory cells (which 
could be set as part of erasable memory load) giving azimuth 
(TAZ.) and elevation(TEL.) for targets #1 and #2 used in POJ . 
For ~zimuth information, 1 scale factor is B-1 in twos complement; 
for elevation, scale factor is B-2: in both cases, units are 
revolutions. 

THETAN: Value of required number of gyro torquing pulses (before 
rotation by [x J, and hence in the vertical, south, east 
system), scalesPactor B21, units pulses. Program notation 
also "THETANl" . 
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Rendezvous Computations 

PRECSET 

T = T dec2 de cl 

Perform 11 LEMPREC 11 

Epass3 = Ratt 

v = v -pass3 - att 

T = T de cl dec2 

Perform "CSMPREC" 

R = R -act3 - att 

Yact3 = Yatt 

UPl = unit(unitR 
3 - -pass 

CMYDOT = V t
3 

· UPl - ac -

AUTOY = R t
3 

· UPl -ac -

UNRM = unit (Ra_ct3 ~l- Yact3) 

LMYDOT = V 
3 

· UNRM -pass 

Return 

533/ 34.1 Entered from "P33/P73B" (P34) and "P34/P74C" (P35) 

TITER = -16383 

SECMAX = Kmax250 

R = R - aprec - act3 

v = v --aprec -act3 

R = R 
-pprec -pass3 

v = v -pprec -pass3 

Proceed to "ELCALC " 
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ELCALC 

ULOS = unit(R 
3 

- R ) - -pass - act3 

UNR.!1 = unit (Ract3 -i~ Yact3) 

Uf = unit (uLO§ - (ULO§ • unitRact3 ) unitRact3) 

TS = (UNRM -l~ R ) · UP 1 - -act3 -

TS = cos -1 ( (Uf · ULO§) sgn TS1 ) (elevation angle) 

If (ULO§ · Ract3 ) < 0: 

TS = (1 - 2- 28) - TS 

If bit 14(ITSWITCH) of FLAGWRD7 = 0 : 

Tt . = Tt . + NOMTPI pi pi 

If bit 7(HAVEELEV) of FLAGWRD2 = 0: 

ELEV = TS (TS derived above, elevation angle) 

TS = 0 (non-error return flag) 

Return (to routine calling 11 s33/34 .111
) 

DELELO = DELEL 

DELEL = TS - ELEV 

If /DELELj - K < o: eeps 

TS = 0 (non-error return flag) 

Return (to routine calling 11 S33/34.111
) 

TS = ! TITER 

If TS = 0: sp 

(Tag here 11 FIGTIME 11
) 

Return (to routine calling 11s33/34.1 11
: TS f O, indicating error) 

TITER = TS sp 

TS = ( J; - ELEV) sgn (IR I lR \) ~ - --pass3 - - act3 

If TS < 0 : 

(The ! is 180°) 

Return (to routine calling 11 s33/34.111
: TS f O, indicating error) 
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PD28CS = JR I cos (~ - ELEV) I IR 3f - -act3 -pass 

Ts = 1 - IPD28csr 

If TS < 0: 

Return (to routine calling 11 s33/34.1 11
: TS I- O, indicating error) 

PDOMEGA = f ~ass3 J (unit (UNR.M -~~ uni tE.act3)) . .Yact3 

TS = unitR -l~ V - -pass3 -pass3 

PDOMEGP = /R t
3
j (unit(TS ~~ unitR 

3
)) · V -ac - -pass -pass3 

TS1 = ( unitR t
3 

~~ unitR 
3 

) • UNRJ1 -ac -pass 

PDALFMPI = (cos-l (unitR 
3 

· unitR t
3

)) sgn TS1 - ~ + ELEV -pass -ac 

TS2 = ( ~ - cos -l PD28CS) sgn<J~ass3/ - !Ract3 1) (~ is 180°) 

IR I f R I (PDALFMPI + TS2) PDDELTM = K . -_a_c_t_3_,___-p-=-a_s_s...._3_,_ _______ _ 
twopi 

PDOMEGA - PDOMEGP 

If fPDDELTM/ - SECMAX ~ 0: 

PDDELTM = SECMAX sgn PDDELTM 

If TITER ( 0: (i.e. first pass) 

TITER= 377778 

DELTEEO = PDDELTM 

NOMTPI = NOMTPI + DELTEEO 

Proceed to 11ADTIME+3 11 

(Tag here 110KMAX 11 ) 

If (DELEL DELELO) ( 0: (i.e . sign change in angle) 

SECMAX = SECMAX I 3 

DELTEEO = - ~ JPDDELTMj sgn DELTEEO 

NOMTPI = NOMTPI + DELTEEO 

Proceed to 11ADTIME+3 11 
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If tnEI.ELOI - /nELELJ ~ 0: 

DELTEEO = JPDDELTMJ sgn DELTEEO 

NOMI'PI = NOMI'PI + DELTEEO 

Proceed to "ADTIME+3" 

TS = DELTEEO 

DELTEEO = - ~ DELTEEO 

NOMI'PI = NOMI'PI - TS + DELTEEO (same as NOMTPI - 1.5 DELTEEOn- l) 

Proceed to 11ADTIME+3 11 

ADTIME+3 

Perform "INTSTALL" 

Set bit 4(CONICINT) of FIAGWRD3 = 0 

If NOMI'PI -f 0: (as it would be expected to be) 

Set bit 4(CONICINT) of FLAGWRD3 = 1 

Tdecl = NOMI'PI 

Tet = 0 

RCV = R - -aprec 

vcv = v - -aprec 

Perform "INTEGRVS" 

R = R -act3 - att 
v = v -act3 - att 

Perform "INTSTALL" 

Set bit 4(CONICINT) of FLAGWRD3 = 0 

If NOMTPI -f 0: 

Set bit 4(CONICINT) of FLAGWRD3 = 1 

T decl = NOMI'PI 

T = 0 et 

RCV = R - -pprec 
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vcv = v - --pprec 

Perform 11 IlJTED-RVS 11 

R = R --pass3 -att 

v = v --pass3 -att 

Proceed to 11ELCALC 11 

s34/35,2 Entered from 11P34/P74c 11 (P35 ) and 11 P35/P75B 11 (P36) 

SUBEXIT = Return address 

Perform 11 IlJTSTALL 11 

Set bit 4(CONICilJT) of FL~GWRD3 = 0 

If NNl = 0 : sp 

Set bit 4(CONICilJT) of F~GWRD3 = 1 

T = T de cl pass4 

T
8

t = IlJTIME 

RCV = R - --pass3 

vcv = v - --pass3 

Perform 11 IlJTED-RVS 11 

R = R =targ -att 

Proceed to 11 S3435 .25 11 

S3435.25 

v = v --pass4 -att 

TS = (unitR ~~ unitR ) · UNRM 
1 -act3 =targ -

TS = (cos - l ( unitRact3 · unitlitarg)) sgn TS1 

If TS < 0: 

TS = TS + (1 - 2-28) 

ACTCENT = TS 

DELLT4 = T 
4 

- IlJTIME pass 

TS
1 

= NNl sp 
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TS = K 2 epsf our 

R. "t = R t3 -:i.ni -ac 

v. •t = v t3 -ini -ac 

Perform "INITVEL" 

TS = - UNRM - 2 -

T§3 = - unitRact3 

T§1 = T§3 '~ UNRM 

T§l 

DELVLVC = T§2 DELVEETl 

T§3 

T§
1 

= ULO§ 

TS = - unit(ULOS '~ UNRM) - 3 - -

TS = TS '~ ULOS - 2 - 3 -

T§l 

DVLO§ = T§
2 

T§3 

DELVEETl 

Proceed to address specified by SUBEXIT 

s34/ 35,3 Entered from "P34/ P74C" (P35 ) and "P35/ P75B" (P36 ) if 
new velocity components input 

Perform "INTSTALL" 

Set bit 4(CONICINT ) of FLAGWRD3 = 0 

Set bit 4 (CONICINT ) of FLAGWRD3 = 1 

T = T de cl pass4 

T t = T. e ig 

RCV = R tJ - -ac 

VCY = Yact3 + DELVEETl 

REND-6 
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Perform "INTIDRVS" 

R = R 
~arg '3.tt 

TS = - UNRM 
~ -

T§J = - unitRactJ 

T§l = T§J -~t UNR.!1 

T§l 

DELVLVC = T§2 

T§J 

T§1 = ULO§ 

DELVEETJ. 

TS = - unit(ULOS 1t UNRM) -3 - -
TS = TS 1t ULOS -2 -3 -

T§l 

DVLO§ = T§2 DELVEETJ. 

T§J 

Return 

INITVEL Entered with TS1 , OD, set to iterations; TS2 , 2D, angle to 180° 

Set bit 2(GUESSSW) of FLAGWRDl = 1 

R =R 
~argl ~arg 

ITCTR = -1 

COZY4 = cos TS2 

VTARGTAG = TS1 

RlVEC = R. •t 
- -:J..Ill 

R2VEQ. = Btargl 

TDESIRED = DELLT4 

(Tag here "HAVEGUES" , entered from "S40.9") 

(TS2 set before enter, cell 2D, BO revs.) 

(TS1 set before enter, cell OD, Bl4) 

UN = unit( unitR. •t 1t V .. t) 
- -:i..ni -:i..m 

COZY4 = COZY4 + unitfh_ l · unitR. •t varg -:i..ni 
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Set bit lO(NORMSW) of FLAGWRD7 = 0 

Proceed to "INITVEL2" 

INITVEL2 

If COZY4 ( 0 : 

Set bit lO(NORMSW) of FLAGWRD7 = 1 

R2VE.Q = /R2VE.Q/ unit ( R2VE.Q - (R2VE.Q · UN.) ~ 
If ITCTR < 0: (i .e. first pass) 

!4.argl = R2VE.Q 

T§ = - unitRl VE.Q ~~ unitR2VE.Q 

If TS < 0: z 

T§ = - T§ 

GEOMSGN = 22437g sgn ( (T§ ~~ unitRlVE.Q) ' unitR2VE.Q) 

Perform "LAMBERT" 

Set bit 2(GUESSSW) of FLAGWRDl = 0 

V. . = VVE.Q 
-iprirne 

If VTARGTAG = 0 : 

Proceed to "INITVEL7" 

Perform "INTSTALL" 

RlVEC = R. 't - -im 

RCV = R. 't - -ini 

vcv = v. . 
- -iprirne 

Tet = INTIME 

Set bit 4(CONICINT) of FLAGWRD3 = 0 

Tdecl = INTIME + DELLT4 

Perform "INTIDRVS" 

v = v 
~arget -attl 
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ITCTR = ITCTR + 1 

If ITCTR = VTARGTAG: 

f4argl = R2VEQ. 

Proceed to "INITVEL7" 

R2VEQ. = R2VEQ. + f4argl - liattl 

Proceed to "INITVEL2" 

INITVEL? 

DELVEETl = V. . - V. · t -iprime -ini 

V = V (V computed in "INITV'' if VTARGTAG = 0) -=-tprime -=-target -'-target 

R = R =-=targ =-=targl 

Set bit S(XDELVFIG) of FLAGWRD2 = 0 

Return (to routine calling "INITVEL") 

CDHMVR Entered from "P33/P73B" (P34) 

UNVEC = unitR t 2 - -ac 

CSTH = unitR 2 · UNVEC -pass 

SNTH = /1 - CSTH
21 

( ( R " R ) UPl) sgn - - act2 '' --pass2 · -

RVEC = R - --pass2 

Set bit 9(RVSW) of FIAGWRD7 = 0 

VVEC = V - --pass2 

Perform 11TIMETHET 11 

PDlSV = TS 
- -v 

PD02R = jT~j 

DIFFALT = PD02R - /R I -act 2 

(means new ~' Y:. are desired) 

PDSEMAP = Rl I RdA (semi-major axis of passive vehicle) 

PDSEMAA = PDSEMAP - DIFFALT 
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PDVAV = (PD18Y • UNVEQ.) (PDSEMAP / PDSEMAA)3/2 

TS = 2 Krtmu IJBact2/ - Krtmu / PDSEMAA 

PDVAH = JTs - PDVAV
21 

V tJ = PDVAH unit(UPl '~ UNVEC) + PDVAV UNVE_C -ac - -

DELVEETg = 1act3 - Yact2 

Return 

NC12ST Entered from "NC12H", "P31", and "P32'' 

PHl = 9 (the 9 is from most significant half of K25fds) 

CF = 0 

PH2 = 0 

DVHl = Kl65fds 

If bit 5(NC12FlG) of FLAGWRDO = 1: (P32) 

NC = Cnhl 

DVC = Kl65fds 

If bit 5(NC12FIG) of FLAGWRDO = 0: (P31) 

DVC = K225fds 

DVH2 = K25fds 

PI = 0.5 

TN = TIMEC 

Tdecl = TIMEC 

Perform "CSMPR.EC" 

(units of revolutions, i.e. 180°) 

Set bit 13(ITERFIG) of FLAGWRD2 = 0 

~ig = Ratt 

R = R - ac -att 

R = R -act2 - ac 

v. = v 
-=-tig - att 

(same cell) 
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v = v -ac -att 

Tdecl = TIMEC 

Perform "I.EMCONIC" 

v = v -pc -att 

R =R -pc -att 

Proceed to 11 PHSMCH 11 

PHSMCH Entered also from end of "NCl2J11 

AMl = unit(R -l~ V ) - -pc -pc 

UP1 = AM1 (same cell) 

Uliµi ~ unit [C(unit(~c "Yael) " ~cJ "Alll] 
- 1 

TS1 = PI - cos ( unit~c · Uliµi) 

TH2 = PI - TS1 sgn ( (Uliµi -l< ~c) · Mifl) 
If TS1 ~ 0: 

If NC - lS ~ 0: 

If PI =/- 0: 

TS = R -1 -pc 

TS = V -2 -pc 

TSJ = TIMEC 

TS = 1 
4 

Perform "REVUP" 

(OD) 

(6D) 

(12D ) 

(B5 rev, 14D) 

TN = TN - (RATEMP - TIMEC) 

Proceed to 11 NC12J 11 

If /TH21 - C l < 0: eps 

Proceed to "NC12F" 

If PHl =/- 0: 

PHl = PHl - 1 

Proceed to 11NC12J 11 

REND-11 
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!iac = !Ra.cl unit ( R --ac (Rae · AMJJ AMJ:) (Tag here ''PSMAIBM'') 

R =R -act2 -ac (same cell) 

TS = 600g 

Proceed to "DISPALM" 

Entered from "PHSMCH" 

Set bit 9(RVSW) of FLAGWRD7 = 1 

CSTH = cos I TH2l 

(new K, y not desired) 

SNTH = sin ITH21 

RVEC = R. - - pc 

VVEC = V sgn TH2 - -pc 

Perform "TIMETHET" 

If PI =/- 0 : 

PI = 0 

R = R -pc - other 

v = v -pc - other 

T = T pc etlm 

Set bit 2(NCINTFIG) of FLAGWRDO = 0 (Tag here "NC12C") 

TS = T pc (save for integration below) 

TN = TN - T sgn TH2 

T = TN pc 

Tdecl = TN 

Perform "INTSTALL" 

Set bit 4(CONICINT) of FLAGWRD3 = 0 

If bit 2(NCINTFIG) of FLAGWRDO = 1: (should not be) 

Set bit 4(CONICINT) of FLAGWRD3 1 

(TS saved above) 
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vcv = v - --pc 

RCV = R - --pc 

Perform 11 INTEDRVS 11 

~c = Yatt 

~c = Ratt 

NC12F 

Proceed to 11 PHSMCH 11 

PHl = 0 

Entered from "PHSMCH" if JTH2/ < C 1 eps 

R - jR I unit ( R (R · AMl_ ) AMl_) -ac - acl -ac -ac 

Ract2 = Rae (same cell) 

Yac = (.Yael unit ( .Yac (Ya_ c ' AM1) AMl) 

Set bit 2(NCINTFLG) of FLAGWRDO = 1 

T = T de cl tpi 

Perform 11 INTSTALL11 

Set bit 4(CONICINT) of FLAGWRDJ = 0 

If bit 2(NCINTFLG) of FLAGWRDO = 1: 

Set bit 4(CONICINT) of FLAGWRDJ = 1 

T = T et pc 

vcv = v - -pc 

RCV = R - -pc 

Perform 11 INTEDRVS 11 

Set bit 2(NCINTFLG) of FLAGWRDO = 1 

v = v --ptpi -att 

R =R --ptpi -att 

DELH = DELHl 

Perform 11QRDTPI" 

R fd = R. - DELHl urtitR . -a -J - J 

Proceed to 11 NC1LOOP11 

REND-13 

(should be) 



NClLOOP Also entered from end of "NC12G" 

T§l = Rae (OD) 

TS2 = V + DVC unit (AMl ~~ H ) (6D) - -ac - -ac 

TS
3 

= TIMEC (12D) 

TS
4 

= NC (14D) 

Perform 11REVUP 11 

If bit 5(NC12FIG) of FLAGWRDO = 1: (P32) 

R = R -ah2 -att (Tag here ''NC2A") 

v = v -ah2 -att 

TH2 = RATEMP 

Proceed to "NC12D" 

R = R -ahl -att (P31 if get here) 

Yahl = Yatt 

THl = RATEMP 

TS = CF 

If TS f 0: (Means have done 11 NC12G 11 at least once) 

TS = 0.5 

CI = TS 

Proceed to "NC2LOOP" 

NC2LOOP Also entered from end of "EHCOMP" (NCLPFIG = 0) 

T§l =Rahl (OD) 

T§2 = .Ya_hl + DVHl unit(AM,l ~~ liahl) (6D) 

TS
3 

= THl (12D) 

TS4 = Cnhl (14D) 

Perform "REVUP" 

v = v -ah2 - att 
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TH2 = RATEMP 

T§ = Ratt (in OD) 

Set bit 9(NCLPF1.G) of FLAGWRDl = 0 

R = R -ah2 -att 

DEI.J-ITMP = DHNCC 

Proceed to 11 EHCOMP 11 

Entered from 11 NClLOOP 11 (P32) and 11 EHCOMP 11 (NCLPFlG = 0 & converged) 

TS = CF 

If TS =} 0: (Means have done 11 NC12G 11 at least once) 

TS = 0.5 

CI = TS 

Proceed to 11 NCCLOOP 11 

NCC LOOP Also entered from 11 EHCOMP 11 (NCLPFlG = 1) 

Set bit 2(NCINTF1.G) of FLAGWRDO = 1 

T = TH2 + Ct as cs 

T = T de cl as 

Perform 11 INTSTALL11 

Set bit 4(CONICINT) of FLAGWRD3 = 0 

If bit 2(NCINTF1.G) of FLAGWRDO = 1: 

Set bit 4(CONICINT) of FLAGWRD3 = 1 

Tet = TH2 

vcy_ = Ya_h2 + DVH2 unit (AM1 -i~ Ra_h2) 

RCY. = E.ah2 

Perform 11 INTEGRVS 11 

v = v -as -att 

R =R -as -att 

T§ = liatt (OD, same cell) 
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Perform ''RADUP" 

DELH = fr~I - l~sl 
TS1 = TS - -r 

TS2 = TS - -v 

Perform "COE" 

V f = PDVA -as -

(OD, same cell ) 

Set bit 2 (NCINTFIG) of FLAGWRDO = 1 

T = T de cl tpi 

Perform 11 INTSTALL" 

Set bit 4(CONICINT) of FLAGWRD3 = 0 

If bit 2(NCINTFIG) of FLAGWRDO = 1: 

Set bit 4(CONICINT) of FLAGWRD3 = 1 

T = T et as 

vcv = v f - -as 

RCV = R - -as 

Perform "INTEGRVS 11 

R = R -af -att 

TS = R tt - -a 

Set bit 9(NCLPFIG) of FLAGWRDl = 1 

DELHTMP = DELHl 

Proceed to 11 EHCOMP 11 

(should be) 

Entered from 11 EHCOMP 11 (NCLPFIG = 1 & converged) 

~ ( PDEP = cos (unitRaf · unitRafd) sgn (Raf ~~ Rafd) 

If ( 'PDEPI - 4 C 1) < O: eps 

_Proceed to 11NC120UT 11 

PDITX = DVC (2D) 
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PDITE = PDEP (4D) 

PDITC = CF (6D) 

EO = EOP 

DVO = DVOC 

Perform 11 ITER. 11 

If bit 13(ITERFI..G) of FLA.GWRD2 = 1: 

Proceed to 11 0LPALRM11 (6028 alarm) 

CF = TS ( up:iated PDITC) 

DVC = PDITX 

DVOC = DVO 

EOP = EO 

Proceed to 11 NC1LOOP11 

EH COMP Entered from 11 NC2LOOP 11 (NCLPFlG = 0) and 11 NCCLOOP11 (NCLPFI..G = 1) 

RATEMP = IT§l 
Perform 11RADUP 11 

PDEH12 = IT2rJ - RATEMP - DELHTMP 

PDITP = PHl (OD) 

If bit 9(NCLPFI..G) of FLA.GWRDl = 1: 

PDITP = PH2 

If PDITP f 0: 

If (\PDEH121 - c ) < 0: eps2 

If bit 9(NCLPFI..G) of FLA.GWRDl = 0: (Tag here 11 LOOPX.11 ) 

Proceed to 11 NC12D11 

Proceed to 11 NC12G11 

PDITX = DVHl (2D) (Tag here 11 ITERUP 11 ) 

u 
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If bit 9(NCLPF1.G) of FLAGWRDl = 1: 

PDITX = DVH2 

PDITE = PDEH12 (4D) 

PDITC = CI (6D) 

Xl = PSHFTl 

If bit 9(NCLPF1.G) of FIAGWRDl = 1: 

Xl = PSHFT2 

Perform 11 ITER" 

If bit l3(ITERF1.G) of FLAGWRD2 = 1: 

TS = 6018 (Tag here 11 ILPAIB.M11 ) 

Proceed to "DISPALM11 

CI = TS 

If bit 9(NCLPF1.G) of FLAGWRDl = 1: 

PSHFT2 = Xl 

DVH2 = PDITX 

PH2 = PDITP 

Proceed to 11NCCIDOP 11 

DVHl = PDITX (Tag here 11 NC2ITR 11 ) 

PSHFTl = Xl 

PHl = PDITP 

Proceed to 11 NC2LOOP 11 

NC120UT Entered from start of 11NCl2G' 1 and 11 0LPAIB.M1 1 (PRO) 

DELVLVQ = (DVC, O, 0) 

T§
2 

= - AMJ: 

TS = - unitR - 3 -as 

T§
1 

= T§J ~~ AMl 
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T§.1 

\GNSE. = T§.2 

T§.3 

(v - v ) - asf - as 

T = T cdh as 

T . = TH2 
CSl 

(Tcdh notation also TNSR) 

(T . notat i on also TNCC) 
CSl 

If bit 5(NC12FLG) of FLAGWRPO = 1 : (P32 ) 

DVDSPl = DVH2 

DVDSP2 = /VGNSE. / 

(Tag here 11 NC2N8011
) 

DHDSP = DHNCC 

Proceed to "NC12DH" 

DVDSP2 = DVH2 (PJl i f her e ) 

DVDSPl = DVHl 

NC2TIG = THl 

TS = R hl - - a 

Perform 1'RADUP1
' 

DHDSP = J T~f - j Rahlf 

Proceed to 1'NC12DH" 

REVUP Entered with T§.1 positi on , T~ veloci ty, TS
3 

time t ag, Ts
4 

revs 

PDA = 1/(2/IT§.~ - Kldmue (T§.2 . T§.2 )) 

Set bit 2(NCINTFLG) of FLAGWRDO = 1 

RATEMP = TS3 + TS4 K2pibJ Kldsqmu VPDA PDA 

Tdecl = RATEMP 

Perform "INTSTALL" 

Set bit 4(CONICINT) of FLAGWRDJ = 0 

If bit 2(NCINTFLG) of FLAGWRDO = 1 : 

Set bit 4(CONICINT) of FLAGWRDJ = 1 
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Tet = TS3 

vcy_ = T.Q.
2 

RC'j_ = T§1 

Perform ''INTffiRVS 11 

Return 

Entered with T§, OD, vector to be matched 

VVEC = V - -pc 

RVEC = R - -pc 

T§
1 

= R VEQ ~~ VVEQ 

TS
2 

= (RVEQ ~~ T§.) · T§1 

TS = (cos - l (unitRVEQ · unitT§)) sgn TS
2 

CSTH = cos TS 

Set bit 9(RVSW) of FLAGWRD7 = 0 (new ~' y desired) 

SNTH = sin TS 

Perform 11 TIMETHET 11 

Return (TS in MPAC; TS in OD) -r -v 

Entered from "EHCOMP", 11GETRJ", and "NC12J" 

If PDITC = 0: 

TS = Klfds 

Proceed to 11 ITERJ" 

If (PDITC - 0.5) = 0: 

TS = (PDITE / PDITP), shifted left Xl places 

Proceed to "ITERJ" 

If PDITE - EO = 0: 

TS = KOpJfds (constant is 3 fps for velocity) 

Proceed to "ITERJ" 
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ITER3 

PD8D = (PDITE - EO), with number of leading zeros stored in Xl 

PDITE = PD8D I (PDITX - DVO) 

If (PDITC - 14) ~ 0: 

Set bit lJ(ITERFLG) of FLAGWRD2 = 1 

Return 

TS = PDITE I PDITP 

Proceed to 11 ITERJ 11 

PD8D = TS 

EO = PDITE 

DVO = PDITX 

PDITX = DVO - PD8D (in 2D ) 

TS = PDITC + 1 (in 4D) 

Return 

DISP45A Entered from 11 P33' 1 and 11 N81DISP 11 

Perform 11 VN164511 

T = T de cl csi 

INTIME = T . 
CSl 

Perform 11 CSMPREC 11 

R. 't = R tt -ini -a 

R = R -pass3 -att 

v. 't = v tt -ini -a 

v = v -act3 -att 

T = T de cl cdh 

Perform 11 LEMPREC' 1 

(T . notation also TNCC) 
CSl 

(used to restore E.init in 11 NCCDMP7+17 11
) 

(Tcdh notation also TNSR) 
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Set bit lJ(ITERFLG) of FLAGWRD2 = 0 

vcy_ = Y.att (note that this violates 11 INTSTAll 11 lockout 

RCY. = liatt constraints generally observed elsewhere) 

UP1 = unit(RCY. -)c VCY.) 

T = T de cl tpi (Tag here 11 NCCDMP411
) 

Perform 11 1EMPREC 11 

Set bit 2(NCINTFLG) of FLAGWRDO = 0 

~tpi = Batt 

v = v --ptpi - att 

DELH = DELHl 

Perform 11 QRDTPI11 

TS
1 

= R. - - J 

TS2 = V. - - J 

Perform 11 COE 11 

Perform 11 INTSTALL1 1 

RCY. = PDR! 

VCY. = PDV! 

T t = Tt . e pi 

Set bit 4 (CONICINT) of FLAGWRDJ = 0 

T = T de cl cdh 

Perform 11 INT:ED-RVS 11 

R = R -nsr - att 

(Tcdh notation also TNSR) 

R = R - act2 -nsr (same cell) 

R = R =-=targ - att 

v = v -nsrp - att 

DEllT4 = T dh - T . 
C CSJ. 

(T . notation also TNCC) 
CSJ. 
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TS = 2 
1 

TS2 = Kl5deg 

Perform 11 INITVEL" 

TS = V - V . - -nsrp -'-tprime 

v. 't = L. . -ini vprime 

R. 't = R -ini -nsr 

Perform "GET .LVC" 

DEL VL VC = L_ . • UP1 y vprime 

VGNSR = DEL VL VQ. 

Proceed to 11 NCCDMP7+17" 

(Tag here "NCCDMP7") 

QRDTPI Entered from 11 NC12F" and "DISP45A" 

DTQRD = 0 

ITERCNT = 0 

If (El.EV - ~) ~ 0: 

El.EV= El.EV 

COSE = cos El.EV 

Proceed to "GETRJ 11 

Perform "INTSTALL1' 

l 
- 2 

(the ~ is 180°) 

Set bit 4(CONICINT) of FLAGWRDJ = 0 

RCV = R t . - -p pi 

vcv = v t . - -p pi 

T t = Tt . e pi 

Tdecl = Ttpi + DTQRD 

If bit 2(NCINTFI.G) of FLAGWRDO = 1: 

Set bit 4(CONICINT) of FLAGWRDJ = 1 

Perform 11 INTEJRVS" (Tag here "GOPREC") 
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lij = Batt 

v = v 
- j - att 

UR~ = unitliatt 

RJMAG = \ lia t ti 
TS = (V -pt pi 

If TS -f 0: 

(same cell) 

(same cell) 

' (unitR t . -p pi 
~~ URJ) 

TS = (cos- l (unit~tpi · UR~)) sgn TS 

[ 
. - l ((RJMAG. - DEIB) COSE) 

PDET = ~ - sin l R · I + 
-pt pi 

If C\PDETI - c 1) < 0 : eps 

Return (to routine calling 11 QRDTPP) 

PDITX = DTQRD 

PDITE = PDET 

PDITC = ITERCNT 

Perform 11 ITER 11 

If bit 13(ITERF1G) of FLAGWRD2 = 1: 

TS = 6038 (Tag here 11QRDAIRM11 ) 

Proceed to 11 DISPALM11 

ITERCNT = TS 

DTQRD = PDITX 

Proceed to 11GETRJ 11 

COE Entered with T§1 position; T§2 velocity 

PDRM = I T§1l - DEIB 

2 
(B38 m /cs) 

ELEV] - TS 

PDRA = PDRM unitT§1 (left in MPAC when exit) 

PDCA = Kmum42 / ( 2 Kmum42 / j T§~ - ( T§2f 2) 

PDCAD = PDCA - DEIB 
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TS = (PDCA / PDCAD)3 (unitT§
1 

• T§
2

)
2 

PDVV = {TS sgn (unitT§
1 

' T§
2

) 

TS
3 

= Kmum42 ( 2 PDCAD - PDRM) / (PDCAD PDR.M) 

PDVA_ = ~ unit ( (unitT§1 '~ T~) '~ unitT§1) 

Return 

REND-25 
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Quantities in Computations 

See also list of major variables and list of routines 

ACTCENT: Value of CSM (active vehicle) central angle of transfer computed in 
11 S3435.25 11 (entered for P35 and P36 ) , scale factor BO,, units revolutions, 
in range 0 - 360°. It can be displayed at crew option in Rl of 
N52: if too close to lgo0

, then the maneuver parameters should be 
reconsidered. 

AMl: Unit vector, scale factor Bl, computed in 11 PHSMCH11 in direction 
perpendicular to passive vehicle plane. It is assigned to the same 
cell as UPl, but a separate loading of UPl (for compatibility with 
subsequent computations) is shown for documentation convenience. 

AUTOY: See Burn Control. 

C · Erasable memory constant, program notation 11EPSl 11 (alternate notation 
epsl' 11 DTHET 11 ) , scale factor BO, units revolutions. It is used as a loop 

convergence criterion in 11 PHSMCH11
, 

11NCl2G 11 (where multiplied by 4 before 
use ) , and 11GETRJ 11 

• 

C eps2 : Erasable memory constant, program notation 11EPS2 11
, scale factor B29, 

units meters, used as a loop convergence criterion in 11EHCOMP 11
• 

Cnhl: Single precision erasable memory constant, program notation 11 NHl11, 
scale factor B5, units revolutions, used to initialize NC in 11NC12ST 11 

(for P32) and to specify number of revolutions for 11REVUP 11 in 11NC2LOOP 11
• 

It specifies the number of revolutions between the NC2 (P32) and NCC 
(P3J ) maneuvers. 

Ct : See Burn Control. cs 

CF: Loop counter (contains integer values only) , scale factor B5, units 
counts. It is initialized to zero at the start of 11 NC12ST 11 and 
incremented in 11NC12G 11 logic (due to 11 ITER11 computations ) . 

CI: Loop counter, initialized to 0 or 0. 5 in 11NClLOOP 11 and 11 NC12D 11
, scale 

factor B5, units counts. The value of 0.5 is used as a first-pass 
indicator in 11 ITER 11 provided a non-zero value of partial (PDITP ) is 
available. 

CMYDOT: See Burn Control. 

COSE: Value of cos ELEV computed in 11QRDTPJll, scale factor Bl. 

COZY4: Criterion used in 11 INITVEL2 11 to decide if input position vector 
forms an angle with the target position vector that is too close to 
lgo0

, scale factor B2. It is initially loaded with cos TS2, where 
TS2, stored in push-down list location 2D as an angle, BO revolutions, 
is angle away from lgo0 within which 11 INITVEL2 11 rotates the target 
vector to be in the plane of R. 't and V. 't' 

-ini - ini 
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CSTH: See Conic Routines. 

DELEL: Value of error between derived and specified values of elevation 
angle in 11 ELCALC 11

, scale factor BO, units revolutions. 

DELELO: Value of previous DELEL, scale factor BO, units revolutions, 
stored in 260. 

DELH: Altitude difference used as a communication cell with "QRDTPI" and 
"COE 11

, scale factor B29, units meters. 

DELHl: Value of altitude difference between orbits at ignition time for (TPI) 
NSR (P34), scale factor B29, units meters. It is displayed in R3 of 
N57, and would also be expected to form part of the prelaunch load. 

\ 

DELHTMP: Communication cell with 11EHCOMP" used to contain DHNCC (if from 
11NC2LOOP 11 ) or DELHl (if from "NCCLOOP 11

), scale factor B29, units meters. 

DELLT4: Communication cell with 11 INITVEL1 1
, containing desired time of flight 

from R. 't to IL. , scale factor B28, units centi-seconds. It is 
-ini i...arg 

loaded into TDESIRED for use in Lambert routine. 

DELTEEO: Value of time increment information in 11 ELCALC 11 (generally the 
value added to NOMTPI), scale factor B28, units centi-seconds. 

DELVEET,1: Value of DELVEETg sampled at start of 11 P33/P73B 11 (part of P34) 
for use subsequently to compute N81 display information there, scale 
factor B7, units meters/centi-second. 

DELVEETg: Vector velocity change required for P34 burn (computed in 11 CDHMVR 11 ) , 

scale factor B7, units meters/centi-second. 

DELVEET}: Vector velocity increment required to perform maneuver, scale factor 
B7, units meters/centi-second. It is loaded at end of 11 INITVEL7 11 • 

DELVSIN is same cell, but for documentation convenience · (interface with 
11 VN1645 11

) loading of DELVSJN into DELVEET} shown where necessary. Also 
loaded in P35 ( 11P34/P74C 11

) and P36 ( 11 P35/P75B 11
) from revised noun inputs 

if required. 

DELVLVQ: See Burn Control. 

DHDSP : Value of altitude difference for next maneuver, scale factor B29, 
units meters, displayed in R2 of N84. It is loaded in 11 NC120UT 11 and 
is used in 11 NCl2DH 11 (for P32), after display, to load DHNCC. 

DHNCC: Value of altitude difference between orbits at ignition time for 
NCC (P33), scale factor B29, units meters, displayed in R2 of N57. 
It is loaded from DHDSP in 11 NC12DH11 for P32 (after the display of N84), 
and would also be expected to form part of the prelaunch load. 
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DIFFALT: Difference in altitude between OWS and CSM at the NSR (P34) 
maneuver, scale factor B29, units meters, computed in 11 CDHMVR 11

• It 
is displayed in Rl of N75. 

DTQRD: Value of time increment to Ttpi used in 11QRDTPI 11 routine, scale factor 
B28, units centi- seconds . 

DVC: Value of maneuver magnitude used in outer iteration loop (NCl for P31, 
NC2 for P32), scale factor B7, units meters/centi- second. It is 
initialized in 11 NC12ST 11 , used at start of 11 NClLOOP 11 to compute velocity 
for input to 11REVUP 11 , is up:iated in 11NC12G 11 , and forms x component of 
DELVLV.Q. in "NC120UT" . 

DVDSPl: Value of velocity increment loaded in 11 NC120UT 11 for display in Rl 
of N84, scale factor B7, units meters/centi- second. It is loaded with 
DVHl for P31 and DVH2 for P32 (i .e . the P32 and P33 maneuver magnitudes 
respect i vely). 

DVDSP2: Value of velocity increment loaded in "NC120UT" for display in R3 
of N84, scale factor B7, units meters/centi- second . It is loaded with 
DVH2 for P31 and jVGNS~lfor P32 (i . e . the P33 and P34 maneuver magnitudes 
respectively). 

DVHl : Value of velocity increment for NC2 maneuver (P32) initialized in 
"NC12ST", scale factor B7 , uni ts meters/centi- second. It is up:iated 
in "EHCOMP" if bi t 9(NCLPFlG) of FLAGWRDl = 0, and used to load DVDSPl 
for P31, as well as to compute velocity in "NC2100P" for input to 
11REVUP 11

• 

DVH2: Value of velocity increment for NCC maneuver (P33) initialized in 
"NC12ST 11 , s cale factor B7~ units meters/centi- second . It is up:iated in 
11 EHCOMP" if bit 9(NCLPFlGJ of FLAGWRDl = 1, and used to load DVDSPl for 
P32 and DVDSP2 for P31. 

DVLO~ : See Burn Control. 

DVO: Value of independent variable (PDITX) being iterated, stored in 11 ITER3' 1 

(also sampled and initialized in "NC12G 11
). For 11 ITER 11 entrances from 

"EHCOMP" and 11NC12G' 1
, scale factor B7, units meters/ centi- second; for 

entrance from 11GETRJ'', scale factor B28, units centi- seconds. 

DVOC: Cell used to initialize and retain value of DVO in "NC12G", scale 
factor B7, units meters/centi- second. 

ELEV: Value of elevation angle between the CSM/OWS vehicle line of sight 
and the CSM vehicle local horizontal at TPI ignition time, scale 
factor BO, units revolutions ("QRDTPI'' reduces to range 0 - 180°). 
It is displayed in R2 of N55, and would also be expected to form part 
of the prelaunch load. An input value of 0 in P35 causes the angle to 
be derived from the specified time; a non- zero value causes the time to 
be computed in routine starting at "S33/34.l". 
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EO: Value of dependent variable (PDITE) being iterated, stored in 11 ITER3 11 

(also sampled and initialized in 11NCl2G11 ) . For entrances to 11 ITER 11 

from 11GETRJ 11 and "NC12G", scale factor is BO, units revolutions; from 
"EHCOMP", scale factor is B29, units meters . 

EOP: Value of EO used to initialize and retain quantity in ''NC12G 11 , scale 
factor BO, units revolutions. 

GEOMSGN: See Conic Routines. The magnitude of the number (provided that it 
is non-zero) is not significant, but only the sign: the magnitude loaded 
in "INITVEL2", for programming convenience, is the most significant 
half of K t b (see Conic Routines). mu a 0 

INTIME: Communication cell with "INITVEL" containing the time tag of the 
state vector. in R. 't and V. 'r' scale factor B28, units centi--ini -ini seconds. It is not requirea i VTARGTAG = O. 

ITCTR: Single precision counter , scale factor Bl4, of the number of iterations 
of "INITVEL" computations which have been performed. It is set to an 
initial condition of -1, so that a value of +l, for example, would mean 
that 2 passes through "LM1BERT 11 and 11 INTIDRVS 11 are performed, with the 
output of "LAMBERT" used in the 11 INTEGRVS 11 routine to refine the target 
position. The desired number of iterations is specified by the contents 
of VTARGTAG. 

ITERCNT: Counter (contains integer values only), scale factor B5, units 
counts, of the number of iterations in 11 QRDTPI 11 loop (initialized to 
0 in 11 QRDTPI 11 and updated in 11GETRJ 11 due to "ITER" computations). 

K0 fd : Constant, program notation 11 0 .3F/S 11
, used in 11 ITER. 11 if PDITE = EO. 

P3 s When 11 ITER 11 entered from 11EHCOMP 11 and "NC12G 11 , scale factor is 
B7, units meters/centi-second; when entered from 11GETRJ 11 , scale factor 
is B28, units centi-seconds. Nominal value is 0.009144 x 2-7, 
corresponding (for B7 meters/centi-second) to 3.0 x 0.01 x 0.3048 x 
2-7, where first term is value in fps (note that it is ten times the 
value suggested by the mnemonic), second converts to centi-seconds, 
third converts to meters, and fourth is scale factor . For units of 
centi-seconds, octal value is 000018 053508, corresponding to 191.76 
seconds. 

K1d : Constant, program notation 
4
11 1/MUE", scale factor B-34, units cs2/~. 

mue Value is 0.25087606E- 10 x 23 (see K t b in Conic Routines). mu a 2 

Kld · : Constant 1 program notation "l/SQMU' 1
, 

sqmu (cs2/m3)2. Value is 0 .50087529E-5 x 
Routines). 
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Klfd : Constant, program notation 11 1F/ S11
, used in "ITER. 11 if PDITC = o. 

s When 11 ITER 11 entered from 11EHCOMP 11 and 11 NC12G11 , scale factor is B7, 
units m.eters / centi- second; when entered from 11GETRJ11

, scale factor 
is B28, units centi- seconds . Nominal value is 0.003048 x 2- 7, 
corresponding (for B7 meters / centi- second) to 1.0 x 0.01 x 0.3048 x 
2-7, where first term is value in fps, second converts to centi
seconds, third converts to meters, and fourth is scale factor. For 
units of centi-seconds, octal value is 000008 143708, corresponding 
to 63.92 seconds. 

K · Constant, program notation 11 15DED: 11
, scale factor BO, units revolutions. 

l5deg'Value is 0.04166667, corresponding to 15 x (1/360), where first term 
is value in degrees and second converts to revolutions. 

K
165

fd : Constant, program notation 11 165F/ S11 rli scale factor B7, units meters/ 
s centi-second. Value is 0.50292 x 2-r, corresponding to 165 x 0.01 x 

0.3048 x 2- 7, where first term is value in fps, second converts to 
centi- seconds, third converts to meters, and fourth is scale factor. 

K2 ' b
3

: Constant, program notation 11 2PIB3 11
, scale factor B3. Value is 

pi 6 .2831853 x 2-3, corresponding to 2 x 3 .14159265 x 2-3, where first 
term is equation factor, second is 1T, and third is scale factor. 

K25fd : Constant, program notation 11 25F/S 11 1.
7
scale factor B7, units meters/ 

s centi-se~9nd . Value is 0.07620 x 2 , corresponding to 25 x 0.01 x 
0 .3048 x 2 , where first term is value in fps, second converts to 
centi- seconds , third converts to meters, and fourth is scale factor . 
Octal value is 000118 300738, allowing a single precision load of 
most significant half (i .e . octal 11 or decimal 9) to be used to 
initialize PHl at the start of 11NC12ST 11 (PHl then is Bl4 ) . 

K
225

fd : Constant, program notation 11 225F/ s 11

7 scale factor B7, units meters/ 
s centi-se7ond. Value is 0.68580 x 2- , corresponding to 225 x 0.01 x 

0.3048 x 2- , where first term is value in fps, second converts to 
centi- seconds, third converts to meters, and fourth is scale factor. 

K Constant, program notation 11ELEPS 11 , scale factor BO, units 
eeps revolutions. Value is 0.27777777E-3, corresponding to 0.1°. 

K f : Constant, program notation 11EPSFOUR 11 , scale factor BO, units 
eps ourrevolutions . Value is 0.0416666666, corresponding to 15°. 

K ax2
50

: Constant, program notation 11MAX250 11
, scale factor B28, units 

m centi- seconds. Value is 25E3 x 2-28, corresponding to 250 seconds. 

K urn42 : Const~nt, program no~ation 11 MU (- 42) 11
, scale factor B42, units 

m meters /centi-seconds • Value is 3,986032El0 x 2-42 (see K t b 
. C . R t ' ) mu a 0 in onic ou mes . 

K t : Constant, program notation 
r mu centi- seconds2 . Value is 

in Conic Routines). 

11RTMU 11
, scale fac~or B36, units meters3/ 

3,986032El0 x 2-3 (see K t b mu a 0 
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Kt .: Constant, program notation 11 TWOPI 11
, scale factor B4, value 

wopi 6.283185307 x 2-4 Value corresponds to 2 x 3,1415926535 x 2-4, 
where first term is equation factor, second is 7f, and third is scale 
factor. 

LMYDOT: See Burn Control. 

NC: Number of revolutions between burn being targeted and subsequent burn, 
scale factor B5, units revolutions . It is set to C hl for P32 
computations in "NC12ST''. For P31 use, it is loade& with HALFREVS 
(modulo 32 revolutions or 64 half-revolutions) in "P31 11 (similar loading 
done in "P32", but written over by Cnhi subsequently). 

NC2TIG: See Burn Control. 

NNl: Value of number of offsets desired in Lambert targeting, scale factor 
Bl4, units counts, displayed by Rl of N55 (program notation also "NN") . 
A value of 0 (as done at start of "P35" before display) means that 
conic targeting is to be used; typical precision setting is 2. The 
setting is effective only for P35 and P36 use. 

NOMTPI: Value of computed correction to Tt i' scale factor B28, units 
centi-seconds, loaded in "ELCALC". TEis scheme permits R ;E . . -aprec -pprec 
state vector time tag to remain Tt . while the iteration continues for 
the proper updated value of Tt . . pi pi 

PD02R: Value of magnitude of OWS vehicle position vector used in "CDHMVR" 
to compute DIFFALT, scale factor B29, units meters , stored in push-down 
location 02D . 

PD18Y: Value of OWS velocity vector used in "CDHMVR", scale factor B7, 
units meters/centi-second. It is the velocity vector at the point 
corresponding to PD02R (i.e. radially above/below CSM), and is stored 
in push-down location 18D. 

PD28CS: Value of ratio of active to passive vehicle radius magnitudes times 
cos ELEV (i.e. times - cos (! - ELEV)), scale factor Bl , stored in 
push-down list location 28D. 

PD8D: Temporary storage cell used in "ITER" routine, corresponding to push
down list location 8D, variable scaling and units . Left in "ITER3" 
with same scaling and units as PDITX. 

PDA: Value of semi-major axis computed in 11REVUP", scale factor B24, units 
meters, stored in push-down list. 

PDALFMPI: Value of guidance equation quantity cl.. minus Tf , scale factor BO, 
units revolutions, stored in push-down list locati on 18D. 

PDCA: Value of semi-major axis computed in "COE", scale factor B29, units 
meters, stored in push-down list location 22D (axis of OWS). 
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PDCAD: Value of desired (CSM) semi-major axis computed in "COE", scale 
factor B2S, units meters, stored in push-down list location 32D. 

PDDELTM: Value of guidance equation quantity [, t, scale factor B28, units 
centi-seconds, stored in push-down list location 12D. 

PDEH12: Altitude error quantity computed in "EHCOMP", scale factor B29, 
units meters, stored in push-down list location 2D. 

PDEP: Angular error between Raf and Rafd computed in 11NCl2G", scale factor 
BO, units revolutions, stored in push-down cell 2D, used as a check 
on phasing at TPI. 

PDET: Value of difference between the desired central angle between the CSM 
and OWS position vectors and actual angle computed in "QRDTPI" routine, 
scale factor BO, units revolutions, stored in push-down list location 
12D. 

PDITC: Communication cell with "ITER" routine loaded with value of counter 
to be used to check for excessive iterations, scale factor B5, units 
counts. It is stored in push-down list location 6D. The updated 
count is left in 4D when exit from routine (from which the calling 
routine samples the value for storage in calling routine cell). 

PDITE: Value of dependent variable used as input to "ITER", and stored in 
push-down list location 4D when enter. For entrances from "GETRJ" 
and "NC12G", scale factor is BO, units revolutions; for entrances from 
"EHCOMP", scaling is B29, units meters. 

PDITP: Value of partial of dependent variable with respect to independent one 
in "ITER 11 package, required as input only for PDITC = 0 .5 (i.e . for 
entrance to "ITER" from "EHCOMP") . Scaling information is variable, 
with information on number of leading zeros contained in Xl when enter 
routine. Stored in push-down list location OD. 

PDITX: Value of independent variable used as input to "ITER", and derived 
by it (as updated value). It is stored in push-down list location 2D. 
For entrances from "EHCOMP" and "NC12G", scale factor is B?, units 
meters/centi-second; for entrances from "GETRJ 11

, scale factor is B28, 
units centi-seconds. 

PDOMEGA: Value of CSM angular velocity information times radius magnitude 
ratio (for convenience in scaling), scale factor B37, stored temporarily 
in push-down list location 16D. Location subsequently modified to 
contain (PDOMEDA - PDOMEDP), with scale factor information in Xl also. 

PDOMEGP: Value of OWS angular velocity information times radius magnitude 
ratio (for convenience in scaling: the reciprocal of the ratio used 
for PDOMEGA is employed), scale factor B37, stored as described under 
PDOMEGA. 
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PDRA,: Position vector computed by "COE" routine, scale factor B29., units 
meters, stored initially in push-down list location 14D, but left in 
MPAC when exit from routine. 

PDRM: Magnitude of PDRA, computed by "COE" routine, scale factor B29, units 
meters, stored in push-down list location 12D. 

PDSEMAA: Value of semi-major axis of CSM computed in "CDHMVR", scale factor 
B29, units meters, stored in push-down list location 41J. 

PDSEMAP: Value of semi- major axis of OWS computed in "CDHMVR", scale factor 
B29, units meters, stored temporaril~ in push-down list location 4D 
(then that location used for PDSEMAA) . 

PDVA,: Velocity vector computed by 11 COE 11 routine, scale factor B7, units 
meters/centi-second, left in push-down list location OD when exit from 
the routine. 

PDVAH: Value of "horizontal" component of required CSM velocity vector 
after P34 (NSR) maneuver, computed in "CDHMVR". Scale factor is B7 , 
units meters/centi- second, and stored in push-down location lOD. 

PDVAV: Value of "vertical" (i.e . radial) component of required CSM velocity 
vector after P34 (NSR) maneuver, computed in "CDHMVR" . Scale factor 
is B7, units meters/centi- second , and stored in push-down location 8D . 

PDVV: Value of radial component of PDVA, computed in "COE", scale factor B7 , 
units meters/centi-second, stored i n pus h-down list location 30D . 

PHl: Cell used for two purposes . At start of "NC12ST", initialized to 9 
(Bl4) for use as a loop counter in 11 PHSMCH 11

• Set 0 at start of "NC12F" 
and then used in "EHCOMP" to retain previous PDITP (for use in 

. initializing that quantity) if bit 9(NCLPFLG) of FLAGWRDl = 0. Scaling 
there same as PDITP. 

PH2: Cell initialized to 0 at start of "NC12ST" and then used in 11EHCOMP 11 

to retain previous PDITP (for use in initializing that quantity) if 
bit 9(NCLPFLG) of FLAGWRDl = 1. Scaling same as PDITP. 

PI: Cell used as a first-pass indicator and in computation of TH2 in 
"PHSMCH", scale factor BO, units revolutions. Initialized to 180° in 
"NC12ST" and set 0 in "NC12J". 

PSHFTl: Single precision cell, scale factor Bl4, used to contain scaling 
information for PHl (determined in "ITER" routine), employed to initialize 
Xl (and retain its value) in "EHCOMP". 

PSHFT2: Single precision cell, scale factor Bl4, used to contain scaling 
information for PH2 (determined in "ITER" routine), employed to initialize 
Xl (and retain its value) in "EHCOMP" . 
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R -ac Value of CSM position vector at ignition time for next burn, scale 
factor B29, units meters. It is initially computed in 11 NC12ST 11 (time 
of TIMEC), and is rotated into OWS plane in 11NC12F 11 (or, for an alarm 
exit, in 11 PHSMCH 11

). It is assigned the same cell as R t 2 ' but for 
documentation convenience a separate loading of Ract2 ~g shown where 
necessary. 

Ract2 : Value of CSM position vector at ignition, scale factor B29, units 
meters. It occupies the same cell as R and R , but for documentation 

· t 1 d' · h -hac --nsr It · 1 convenience separa e oa ing is s own w ere necessary. is a so 
computed in 11ADVANCE 11 for use in '1CDHMVR 11

• Notation arises because 
was formerly used for CDH state vector (with CSI being 1'#1"). 

R t
3

; Value of CSM position vector computed in 11 PRECSET 11 for specified 
ac input time, scale factor B29, units meters. It is used in the 

computations associated with TPI (P34, P35, and P36). 

Raf: Value of CSM position vector at TPI time computed in 11 NCCLOOP' 1
, scale 

factor B29, units meters, used in determining altitude error (via 
11 EHCOMP 11 routine) and PDEP (in "NC12G 11

). 

Rafd: Desired CSM position vector at TPI computed in 11NC12F' 1
, scale factor 

B29, units meters. 

Rahl: Value of CSM position vector at NC2 point (based on NC and DVC for P31) 
loaded in 11NClLOOP 11

, scale factor B29, units meters. It is not loaded 
for P32. 

R h2 : Value of CSM position vector at NCC point (based on NC and DVC for P32 
a in 11NC1LOOP11

, and DVHl and Cnhl for P31), scale facto~ B29, units meters. 

R : Value of Ract
3 

at entrance to 11s33/34.l", scale factor B29, units -aprec 
meters. It is used to form a standard initial condition for performance 

R -as 

of conic integration in 11ADTIME+3 11 by the amount of time in NOMI'PI (to 
avoid buildup of error due to successive conic computations). 

Value of CSM position vector at NSR point computed in 11 NCCLOOP11 , scale 
factor B29, units meters. 

R .. t: Value of position vector at start of burn (or of Lambert evaluation), 
-ini used as a communication cell with 11 INITVEL11 , scale factor B29, units 

meters. If an iteration is required, the tine tag for the state vector 
is in INTIME. 

Value of position vector determined by "QRDTPP routine, scale factor 
B29, units meters, stored in push-down list location OD (same cell as 
R tt' but separate loading shown for documentation convenience). It 
i~ the desired OWS vector determined by the routine. 

REND-34 



R : Value of CSM position vector at NSR time computed in 11 DISP45A 11
, scale 

-nsr factor B29, units meters. It occupies the same cell as li t 2 ' but for 
documentation convenience a separ ate loading of liact2 is ~fiown where 
necessary. 

R th : See Orbital Integration. -o er 

R 2 : Value of OWS state vector, scale factor B29, units meters, loaded 
-pass in "ADVANCE'' with R and used in 11 CDHMVR 11 • See R • 

-pass3 - act2 

R 
3

: Value of OWS state vector, s cale factor B29, units meters , loaded 
-pass in 11PRECSET" based on the input t i me argument . In "DISP45A" loaded 

with active vehicle state vector instead for use in "NCCDMP7+17 11 in 
restoring liinit (required due to erasable memory assignments). 

R -pc Value of OWS vector at TIMEC , scale factor B29, units meters, computed 
in 11 NC12ST". It is subsequently updated in 11NC12J 11 to achieve a 
"phase match'' with the CSM state vector at NCl time (P31) or NC2 (P32) . 

R : Value of R 
3 

at entrance to "S33/34 .l", scale factor B29, units -pprec -pass 
meters, used to form a standard initial condition for performance of 
conic integration in "ADTIME+3" (see R ) . - aprec 

Rt . : Communication cell with 11QRDTPI" giving OWS position vector at TPI 
-P pi time, scale factor B29, units meters. 

lit : Communication cell with "INITVEL" containing position of target 
arg vector (or vehicle) DELLT4 centi- seconds after the time in INTIME, 

scale factor B29, units meter s . Loaded with updated target vector 
position (if a change made) before exit from routine . 

litar 1 : Value of lit used within "INITVEL" package, scale factor B29, units 
g meters. arg 

£4ig: See Burn Control. 

Rl: See Conic Routines. 

RlVEQ, R2VEQ: See Conic Routines. 

RATEMP: Cell used as communication cell with "REVUP", left when exit with 
time tag of state vector after required advancement, scale factor B28, 
units centi-seconds. Also used at start of "EHCOMP" to contain 
magnitude of calling argument vector, scale factor B29, units meters. 

RCV: See Orbital Integration . 

RdA: See Conic Routines. 
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RJMAG: Magnitude of E.j computed in 11GETRJ 11
, scale factor B29, units meters. 

RVEQ: See Conic Routines. 

SECMAX: Value of maximum time increment used in iteration for TPI time for P34/ 
P35, scale factor B28, units centi- seconds. It is initialized to 
Kmax2SO in "S33/34.l". 

SNTH: See Conic Routines. 

SUBEXIT: Single precision cell used to retain return address information. 

T: See Conic Routines. 

T as 
NSR time loaded in 11 NCCLOOP 11

, scale factor B28, units centi-seconds. 
Loaded into Tcdh in "NC120UT". 

T dh: Value of NSR time displayed by Nl3 (program notation also 11 TNSR 11
), scale 

c factor B28, units centi-seconds. Loaded from T in "NC120UT" and 
also initialized (using Ct and T . ) in "P33 ''agefore initial display. cs csi 

T . : Value of NCC time displayed by Nll (program notation also "TNCC"), scale csi factor B28, units centi-seconds. Loaded from TH2 in "NC120UT". 

Tdec2 : Time to which integration is to be performed by "PRECSET", scale 
factor B28, units centi-seconds. Used to achieve the same Td 1 setting for the CSM integration as for the OWS integration. ec 

Tet: See Orbital Integration. 

Tetlm: See Orbital Integration. 

T 
4

: See Burn Control. pass 

T Time tag associated with R and V updating in 11 NCl2J11
, scale factor 

pc B28, units centi-seconds.-pc -pc 

Tt .: Value of Transfer Phase Initiation time, scale factor B28, units 
pi centi-seconds, displayed by N37. Can be derived in P35 if an elevation 

angle is specified (iteration starts from specified input time, however), 
and would also be expected to form part of the prelaunch load. 

TDESIRED: See Conic Routines. 

THl: Time tag for NC2 maneuver computed in P31 (loaded in 11NClLOOP 11 based on 
11REVUP 11 results and loaded into NC2TIG for P31 in 11NC120UT"), B28 centi-sec. 

TH2: Time tag for NCC maneuver computed in P32 (in 11NClLOOP 11
) and P31 

(in "NC2LOOP"), scale factor B28, units centi- seconds. It is loaded 
into T . in "NC120UT". Prior to this use, employed in "PHSMCH"/"NC12J" 
area t8s~ontain the angle between the CSM and OWS vehicles, scale factor 
BO, units revolutions. 
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TIMEC: Time tag for the next maneuver loaded before entrance to 11NC12ST 11 

with NClTIG for P31 and NC2TIG for P32, scale factor B28, units 
centi-seconds. 

TITER: Single precision cell used in 11 s33/34.1 11 to protect against 
excessive iterations. Initialized to a negative number, and then 
reset in 11ELGA.LC 11 (where used as flag for first pass) to 377778 . 
Subsequently shifted right 1 place if DELEL not less than K : 
the 15th right shift will make the single precision value z~fgs 
(the double precision value non- zero, serving as an error flag), 
causing an error exit. 

TN: Time used for phase-match iteration, scale factor B28, units centi
seconds (initialized to TIMEC in 11NC12ST 11 and updated in 11 PHSMCH 11 / 
i1Nc12J11) . 

ULO~: Value of unit vector, scale factor Bl, in line- of- sight direction, 
i.e. in direction of (~ass3 - Ract3 ). 

lJli: See Conic Routines. It is computed in 11 INITVEL11 as the perpendicular 
to plane defined by R. i~ and y. "t' but is written over in Lambert 
routine (subroutine "G~olVl. 11 ) if tfi~ NORMSW (bit 10 of FLAGWRD7) is O, 
meaning that the transfer is not too close to 180° as specified by 
COZY4 informaticn. 

UNRM: Value of unit vector, scale factor Bl, in direction (Ract
3 

-l~- Yact
3

). 

UNVEC: Unit vector formed from R t 2 at the start of 11 CDHMVR 11 , scale - - ac factor Bl. 

UP: Unit vector, scale factor Bl, giving direction of local horizontal 
plane of CSM at T . for use in computing ELEV in 11ELCALC11, stored in 
push-down list lo~~tion OD . 

Unit vector, scale factor Bl, 
at ignition time (computed in 
is at T dh' i.e. NSR time)). 
for doc~ntation convenience 

in direction of r -l~ v of passive vehicle 
11 PRECSET 11 , 11 PHSMCH 11 , - and 11 DISP45A 11 (where 
Cell occupies same location as AM±, but 
separate loading shown where necessary. 

~: Vector, scale factor Bl, computed in 11 PHSMCH 11 to be 11 colinear with the 
intersection of the OWS plane and the plane perpendicular to the CSM 
plane that contains the CSM position vector. 11 It is a unit vector. 

UR.!!_: Value of unitlij computed in 11GETRJ 11 , scale factor Bl. 

v -ac Value of CSM velocity vector at ignition time for next burn, scale 
factor B7, units meters/centi- second . It is initially computed in 
11NC12ST 11 , and is rotated into OWS plane in 11NC12F 11 • 
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Y t 2 : Value of CSM velocity vector, scale factor B7, units meters/centi
ac second, loaded in 11 ADVANCE 11 with velocity rotated into OWS plane. 

Y t
3

: Value of CSM velocity vector computed in 11 PRECSET 11 for specified 
ac input time, scale factor B?, units meters/centi- second. Also 

loaded at end of 11 CDHMVR 11 with required velocity after maneuver 
computed there . 

Y hl: Value of CSM velocity vector at NC2 point (see Rahl)' scale factor B?, 
a units meters/centi-second. 

Y h2 : Value of CSM velocity vector at NCC point (see Rah2)' scale factor B?, 
a units meters/centi- second . 

V : Value of V t~ at entrance to 11 s33/34 ,1 11
, scale factor B7, units - aprec - ac meters/centi- se ond (see R ). 

v - as 

- aprec 

Value of CSM velocity vector at NSR point computed in 11NCCLOOP 11
, scale 

factor B7, units meters/centi- second. 

Yasf: Coelliptic velocity required at NSR point, scale factor B?, units 
meters/ centi- second, computed in 11NCCLOOP 11

• Used to compute \GNSR 
in 11NC120UT 11

• 

V . . t: Value of velocity vector at start of burn (or of Lambert evaluation), 
- ini used as a communication cell with 11 INITVEL1 1

, scale factor B7, units 
meters/centi- second . If iteration is required, the time tag for the 
state vector is in INTIME . 

V. . : Value of required velocity computed by Lambert routine (i.e. 
- iprime VVEC value when return from routine) at the time INTIME. Scale 

factor B7, units meters/centi-second. 

Value of velocity vector determined by 11QRDTPJll routine, scale factor 
B?, units meters/centi- second, stored in push-down list location 6D 
(same ~ell as Yatt' but separate loading shown for documentation 
convenience) • 

V : Value of velocity at T dh computed in 11 DISP45A 11
, scale factor B7, 

--nsrpunits rr:eters/ centi- second ~ program notation 11 VNSR+ 11 (after burn)· 

Yother: See Orbital Integration. 

V 2 Value of OWS velocity vector (see R 2), scale factor B7, units 
-pass meters/centi- second. -pass 

V 
3

: Value of OWS velocity vector, scale factor B7, units meters/centi~ 
-pass second, loaded in 11PRECSET 11 based on the input time argument . 
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V 
4

: Value of OWS velocity vector at intercept (T 
4

) time, scale factor 
-pass B7, units meters/centi- second. pass 

V : Value of OWS velocity vector updated as described for R , scale factor 
-pc B7, units meters/centi-second. -pc 

V : Value of V 
3 

at entrance to 11 s33/34.1 11
, used to form a standard 

-ppre\nitial con<ltr~n for performance of conic integration in 11 ADTIME+J 11 , 

scale factor B7, units meters/centi-second (see R ) . - aprec 
V t . : Conununication cell with 11 QRDTPI 11 giving OWS velocity vector at TPI 
-p pi time, scale factor B7, units meters/centi- second. 

Yt, t: Value of CSM velocity at intercept (after doing the bur.n), scale 
arge factor B7, units meters/centi- second. If VTARGTAG is non- zero,the 

value is computed by precision integration in 11INITVEL2 11
; if VTARGTAG 

is 0, value computed by 11 INITV11 at the end of Lambert iteration. 

"!L_. : See Burn Control. 1.11g 

"!L. . : Value of "!L. t when return from 11 INITVEL 11
, scale factor B7, 1.1pr1me . varge 

units meters/cent1-second. See also Burn Control . 

VCY: See Orbital Integration. 

~NSR : Velocity to be gained for NSR (P34) maneuver, scale factor B7, units 
meters/centi-second , displayed by NE32 . It is loaded in 11NC120lIT 11 and 
11DISP45A 11

• 

VTARGTAG: Single precision cell, scale factor Bl4, used to store the 
required number of Lambert iterations. Information originally set 
in push-down list location OD (called TS1 in writeup), with a value of 
zero meaning that no iterations are required. 

VVEQ: See Conic Routines. 

REND-39 



( 



( 

Steering Computations 

s40.1 Entered from "P40S/F" (in P40/P41) 

Set bit 7(FIRSTFLG) of FLAGWRD2 = 1 

BD'.£. = 0 

If bit 8(XDELVFLG) of FLAGWRD2 = 0: 

Proceed to "S40 .1B" 

DELVSAB = \DELVSINI 

~nit= ~ig 

T§.1 = unit(~ig ~~ !4,ig) (stored in UT cell) 

~nit = !4.ig 

TS = K \ (V ~~ R ) l thetcon -'-tig =-=tig (rounded multiplic~tion, least incre
ment in result 21 m/cs) 

BURNANG = TS DELVSAB MASSdp / (CAPF f!4_ig\
2

) 

T§.2 = (DELVSI!':! • T§.1) T§1 

T§
3 

= DELVSIN - T§.2 (in-plane component of specified velocity) 

Ygtig = T§2 + IT§.3 \ (unit(T§.3 ~~ T§.1 ) sin BURNANG + unitT§.3 cos BURNANG) 

UT = unitVgt. - - ig 

TS = V • - -gtig 

Perform "GET .LVC '' 

Proceed to "S40.2,3" 

S40.1B 

T = T -K decl ig twodt 

DELLT4 = T 
4 

- T 
pass de cl 

Perform "AGAIN" 

TS4 = V. . - -:1..prime (stored in UT cell) 

T = T de cl ig 

DELLT4 = T 
4 pass 

Perform "AGAIN" 

V t. = DELVEET-:2 -g ig .L 

- T de cl 
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TS = V . - - gtig 

Perform "GET.LVC" 

T§. = Btig 

Perform "CALCGRAV" 

T§. = CSTEER ( (.Yi prime - T~4) /K200cs - GDTJ}K200cs) 

QFCT = TS - (unitV t• • TS) unitV t' - - - g ig - - g ig 

TS1 = CAPF /(MASSdp) 

U±_ = unit ( QFC±_ + , -TS-
1 
...... 2---J-Q-FC_!_j 2-., 

Proceed to "S40 .2,3" 

Perform "CSMPREC" 

R = R =-:t ig - att 

Rinit = Ratt 

v = v -=-tig - att 

v. ' t = v tt - ini - a 

TS = 0 
1 

TS2 = Keps45 

If bit lO(NORMSW) of FLAGWRD7 = 0 : 

TS2 = KepslO 

Perform 11 INITVEL' 1 

Return 

unitVgt. \ - ig) 

S40.2.3 Entered for P40/P41 from 11 s40 . 1 11 and "S40 . IB' 1 

POINTVS!1 = (REFSMMATJ U'.!', 

If bit ll(RCSBURN) of FLAGWRDl = 1 : 

Proceed to "S40.2,3B' 1 

STER- 2 
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L, 

YAWANG = Kt . YACTOFF + K . 
rims yb1as 

PIT.ANG = Kt . PACTOFF + K b" rlffis p ias 

Ksmd = ( cos PITANG cos YAW.ANG, - cos PITANG sin YAWANG, sin PITANG) 

Z = ( - sin PITANG cos YAW.ANG, sin PITANG sin YAWANG, cos PITANG ) -smd 

Xsmd = ( sin YAWANG, cos YAW.ANG, 0) Note x,z,y sequence & use below. 

SCAXI~ = ( cos PITANG cos YAWANG, sin YAWANG, - sin PITANG cos YAWANG) 

T~l = U]'. 

TS = - unitR. . ic U_T 
- .:..."tig 

T~2 = unitT~ 

If fT~I < ~inmag: 
T~2 = - unit ( (unitBt,ig + 0.125 unitYtig) 7c u1) 

'i'~J - T~2 7c T~l 

T~l 

(Ts] T~2 
T~3 

x = -smd x -smd us1 

y md = -s y 
-smd [Ts] 

~smd = ~smd [TsJ 

Proceed to 11 P40S:X:TY 11 

S40.2,3B 

SCAXI§ = u.nitK 

~mi = u:r 
TS =UT ic R . 
- - =-=t1g 

T§2 = unitT§ 

If ITS I , K . : 
- ' nunmagr 

T§2 = - unit ( (unit£4,ig + 0.125 unit~. ) 
ulg 
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1smi = T§2 

~mi = - (Ismi ~~ ~mi) 

Proceed to "P403XTY" 

UPDATEVG Entered from "CALCN85" and "340 .811 

If bit 8(XDELVFLG) of FLAGWRD2 = 0: 

If NBRCYCLS < 0: (set negative as initial condition and 
at end of 11 840.9 11

) 

Proceed to 11 8ETUP .9 11 

DELV3lJM = DELV3UM + DELVREE 

NBRCYCLP = NBRCYCL3 + 1 

NBRCYCL3 = NBRCYCLP 

Proceed to 11VGCOMP 11 

VG COMP 

V = V . + BDT_ - DELVREF_ -g -gtig 

\~}DI3P = I Yg I 
v . = v -gtig -g 

Return (to caller of 11UPDATEVG11 ) 

3ETUP.9 

If bit 7(FIR3TFLG) of FLAGWRD2 = 0: 

(Vt • notation also 11VGPREV11 ) - gig 

v t• - g ig DELVEETl + NBRCYCLP BDT DELV3lJM (Y.gtig also 

Establish 11 340.9 11 (priority 108) 

R. •t = R -1n1 -

V. 't = V -ini -

T = T nit pptm 

DELLT4 = T 
4 

- T 't pass ni 

DELV3lJM = O 

NBRCYCL3 = 0 

NBRCYCLP = 0 

Proceed to 11 VGCOMP 11 

STER- 4 

has notation 11VGPREV"; 
DELVEETl also "VGTEMP") 

(Restart protect by group 1.5, 
see 11RED040.911 ) 

( 



( 

Entered due to A VIDEXIT setting in "P40SXTY'' 

Perform "UPDATEVG'' 

MASSTMP = CSMMASS 

If(IDELVREF I - Cd th h) < 0: - v res 

If bit ll(STEERSW) of FLAGWRD2 = 0: 

Proceed to "SERVEXIT" 

If bit 6(IDLEFAIL) of FLAGWRDl = 1: 

Proceed to "SERVEXIT" 

OMEGAQ. = 0 

REPFRAC = - 0 

(Tag here "LOTHRUST") 

(set/reset by "V97P'') 

NWORDl = - 0 (causes "CLOCKJOB" to generate V97 display) 

Set bit ll(STEERSW) of FLAGWRD2 = 0 

Proceed to "SERVEXIT" 

CSMMASS = MASSTMP - Cerrrlot K2secnds 

If bit ll(STEERSW) of FLAGWRD2 = 0: 

Proceed to "SERVEXIT" 

If bit 15(SWTOVER) of FLAGWRD9 = 1: 

REPFRAC = Kf f rep rac 

Skip next 2 lines 

(Tag here "CGTRACK") 

j (bit 14 of DAPDATRl) (1 for IM on, 0 for IM off)~~ 

REPFRAC = C erepfrac. 
J 

T~l = BD! - DELVREE (Tag here "TGOCALC") 

TS2 = unitT~1 · Yg 

If TS2 9 0: 

Perform "ALARM" (pattern 14078) (Tag here "INCRSVG11 ) 

J;'roceed to "SERVElCIT" 

~~NOTE: 11 LM11 references are from Apollo 15 program, and have been 
retained for mnemonic usefulness. 
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Tgo = Kmfourdt TS2 (l + TS2/ K2vexh) I (jT§1l) - ctdecay 

T. = T + T (for e.g. "CLOKTASK11 , giving GE!' of cutoff) lg pptm go 

If (T - K ) "" 0: go foursec ' 

Proceed to "S40 .81" 

DELT_AM = CSTEER BD1 - DELVREE 

(unitV -~~ unitDELTAM) - g -

OMEGAQ = KPRIMEDT T§ 

Proceed to "SERVEXIT 11 

(Established if a Lambert burn by "SETUP. 911) 

TS = 0 
1 

TS2 = Kep45 

If bit lO(NORMSW) of FLAGWRD7 = 0 : 

TS2 = KeplO 

Set bit 2(GUESSSW) of FLAGWRDl = 0 

' 

Perform "INITVEL" (starting at second line) 

If bi t 7(FIRSTFLG) of FLAGWRD2 = 0: 

See 11RED040 ,911 for 
restarts . 

BDT = (V - V ) ( K - --iprime -rprev 200cs 

(set 1 in "S40 . l") 

/(Tnit - Tnitprev)) 

DELVEET]. = DELVEET]. + Kearthmu (Tpptm - NOMTIG) GOB1 /\B:.\ 2 

(DELVEET3. tag "VGTEMP") 
T •t = T •t n1 prev n1 

v = v. . - rprev - 1prime 

Set bit 7(FIRSTFLG) of FLAGWRD2 = 0 

NBRCYCLS = - 1 

End of job 
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RED040.9 Entered if a restart encountered from time of establishing 
11540.9 11 in 11 SETUP.9 11 until return from 11 INITVEL11 in 11S40,9 11

, 

due to restart group 1.5 

DELVSUM = O 

NBRCYCLP = 0 

DELVEET".2 = V t' ~ - g ig (for "SETUP .9"restoration) 

NBRCYCLS = -1 

End of job 

S40.13 Established by 11TIG-5" and "V97E" 

TS1 = VGDISP (in PD OD) 

SBVGMAG = TSl I Kkpip2 

PASTDV = SBVGMAG 

(double precision load, low half 

not meaningful here) 

If bit 7(+X translation complement) of channel 31 = 0: 

TS = K2 f I MASSd res · p 

If bit 15(2JETSFLG) of FLAGWRDl = 0: 

TS = 2 TS (i .e. 4-jet translation) 

TS = TS - TS 
1 1 

TS2 = MASSdp TS1 (1 - TS1 / K2vexh) 

If 1Ts2 j ~ 214: (or other overflow) 

Set bit 3(SBFLAG) of FLAGWRD2 = 0 

End of job 

TS3 = Kl00bm14 (TS2 - ceimplsec) I cefimpl6 

If (TS3 - K500bm14) >1 0: 

Set bit 3(SBFLAG) of FLAGWRD2 = 0 

End of job 

STER- 7 
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If TS
3 
~ 0: 

If bit J(SBFLAG) of FLAGWRD2 = 1: (Tag here "S40.134") 

TS = MASSdp - (TS3 + Kl00bm14) Cerrdotdp 

DVTAIL = (Cefimpl6 I Kl00b8) ctdecaydp 
K_ • 

2 
TS 

-Kpip 

PIPAPI = 0 

TZEROED = Tpptml+l (i.e. least significant half) 

PASTT = GDTl (due to double precision store order) x sp 
If TS

3 
~ 0: 

TS3 = cefimpl6 TS3 I cefimpOl (Bl4) 

Set bit 3(SBFLAG) of FLAGWRD2 = 0 

Set bit 9(IMPULSW) of FLAGWRD2 = 1 (Tag here "S40.132") 

Force sign agreement of Ts
3 

Tgo = (Ts3 + KlOObm14), rescaled to scale factor B28 

End of ,job 

Perform "CDUTRIG" 

T§ = (REFSMMAT] TS 

Perform " '*"SMNB-~*"" 

T§ = Ktenb4 [QUADROTI TS (now in control coordinates) 

Return 

SBTASK Initially called by "IGNITION" 

PREST = TIMEl 

TS = PREST - TZEROED 

If TS ~O: 

TS = (bits 14-1 of TS) + 1 centi-second (compensates for TIMEl 
overflow) Note Maximum 

TDELTA = TS is 163,83 seconds. 

STER-8 

( 



I 
\ 

VELSS = 0 

Perform the following for i = z, y, x: 

TS = (PIPA. + PIPAPI.) + C . f (PIPA. + PIPAPI.) -i i pipasc i i i 

C . b' TDELTA pipa ias. 
l 

VELSS = VELSS + TS2 

If VELSS f 0: 

Perform "SQRTTASK" 

TS = SBVGMAG - (2 PRESDV + DVI'AIL) + PASTDV 

If TS -' 0: (same as SBVGMAG - PRESDV - (PRESDV - PASTDV) -

Proceed to 11 .ENGOFF" DVI'AIL) 

PASTT = PREST (Tag here "BURNMORE11
) 

PASTDV = PRESDV (as '' least significant half" of PASTT/PREST) 

Call "SBTASK 11 in 0 .10 second 

End of task 

EN GOFF 

TS
1 

= PREST - PASTT 

If TS
1 
~ 0: 

TS1 = (bits 14-1 of TS1 ) + 1 centi-second 

TDELTA = TS
1 

TS2 = PRESDV - PASTDV 

TS3 = (TS + TS2) TDELTA I TS2 

If TS
3 

f 0 : 

Proceed to 11ENGINOFF" 

T +l = Ts
3 go 

Call 11 ENGINOFF 1
' in TS

3 
centi-seconds 

End of task 

STER- 9 
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SQRTTASK 

X = VELSS, considered to have scale factor BO 

TS = X, normalized to lie between ~ and <. l. This is accomplished by 
shifting X left in increments of 2 shifts, and storing the 
required number of shifts divided by 2 in VRSSmSL 

If TS ~ ~' 

If TS < t 

TS = K 
2 his lope 

TS = K 2 lo slope 

TS + Kh'b" sp 1 1as 

TS + K . sp lo bias 

(TS2 single precision) 

PRESDV = TS2 , shifted right by VRSSmSL places 

Return 
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Quantities in Computations 

See also list of major variables and list of routines 

BD'f: "Effect of rate of change of required velocity, and gravity, acting 
during the two-second computing interval, upon velocity-to-be
gained," scale factor B7, units meters/centi-second. Set 0 in "S40.l". 

BURNANG: Value of one-half the central angle estimated to be traveled 
during the External Delta- V burn, scale factor BO, units revolutions, 
stored in push-down location 14D. 

Cdvth h: Single precision erasable memory constant, program notation 
res 11 DVTHRESH", scale factor B- 2, units meters/centi- second, giving 
velocity gate used in "S40.8" for concluding that engine failure 
has taken place. Program shifts constant right 9 places before use, 
to scale it B7 meters/centi- second (double precision). In order to 
avoid improper performance, constant should exceed the velocity 
increment obtained by ullage (in a 2- second interval) . 

C . 1 : Single precision erasable memory constant, program notation 
eimp sec "EIMPlSEC", scale factor Bl4, units kilogram- meters/centi- second. 

When divided by mass of vehicle, would give the SPS impulse velocity 
acquired in the first second of burn. For a value in pound- seconds, 
PSEC, the fraction in the cell may be computed as PSEC x lo- 2 x 
9,80665 x 0.45359237 x 2-14 , where first term is value, second converts 
to centi-seconds, third is g, fourth converts from pounds to kilograms, 
and fifth is scale factor. Constant is used double pr ecision, with 
least significant half the cell used fo r C f' 01 • e imp 

C f' 01 : Single precision erasable memory constant, program notation 
e imp "EFIMPOl", scale factor Bl4, units kilogram-meters/centi- second second . 

It gives the slope of the SPS impulse curve from 0 to 1 second. For 
a value in pound- seconds/second, PNDSSC, the fraction in the cell may 
be computed as PNDSSC x 10-2 x 9.80665 x 0.45359237 x 2-14, where first 
term is value, second converts to centi- seconds, third is g, fourth 
converts from pounds to kilograms, and fifth is scale factor. Constant 
is used double precision, with least significant half the cell used 
for C f' 16' e imp 

C f' 16 : Single precision erasable memory constant, program notation 
e imp 11EFIMP16", scale factor Bl4, units kilogram-meters/centi-second second . 

It gives the slope of the SPS impulse curve from 1 to 6 seconds (and 
may be computed by the formula given for C f" 01 above). The constant 
is used double precision, with least signifi~iRt half the cell used 
for Cadpad (see Entry Computations). Is equivalent to thrust, of course. 

C mi t: Single precision erasable memory constant, program notation "EMDOT", 
e 

0 
scale factor B3, units kilograms/centi- second, giving the nominal 

mass flow rate for the SPS engine. The least significant half is 
assigned to the most significant half of C (see Measurement 
I t . ) rvar ncorpora ion . 
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C f : See Digital Autopilot TVC Routines. erep rac. · 
J 

C . b" : See lMlJ Computations. --p1pa ias 

C . f: See IMU Computations. --pipasc 

Ctd : Single precision erasable memory constant, program notation 
ecay "ETDECAY", ·scale factor Bl.l+, units centi-seconds, giving value of 

thrust decay time (i.e . equivalent full-thrust time ) . It is 
subtracted from the "raw" time-to- go, and therefore should be a 
positive number in the memory. Used in "S40 .8" s .p. (for SPS burns ) . 
Least significant half is C kp . (see Digital Autopilot TVC 
Routines ), used in 11 S40.l3' 1 ~ rimeo 

CAPF: See Burn Control. 

CSMMASS: See Digital Autopilot Interface Routines. 

CSTEER: Scalar in cross - product steering law, scale factor B2. It is set 
to 1.0 in "P40CSM" (provided a Lambert burn specified); otherwise, it 
has a value of 0. 

DAPDATRl: See Digital Autopilot Interface Routines. 

DELLT4 : See Rendezvous Computations . 

DELTAM: Value of (CSTEER BD! - DELVREE), scale factor B7, units meters/ 
centi- second . Its unit vector (scale factor Bl) is stored temporarily 
in the push-down list. 

DELVEET}: See Rendezvous Computations (DELVSIN occupies the same cells ) . 

DELVRE[: See General Program Control. 

DELVSAB: Absolute value of DELVSIN. used in "S40 .l" in the computation of 
BURNANG for External Delta- V burns, scale factor B7, units meters/ 
centi- second . 

DELVSIN: See Burn Control. 

DELVSUM: Value of sum of DELVREE outputs from Average-G computed in 
"UPDATEVG- 11 for Lambert burn, used to correct Y. • for accelerometer
output velocity gained since "S40.9" establish~~~g Scale factor B7, 
units rreters/ centi- second. Initialized to 0 in "SETUP.9 11

• 

DVTAIL : Single precision value of tail- off impulse computed in "S40.13 " , 
scale factor Bl.l+, units accelerometer pulses, used in "SBTASK". The 
initial loading done double precision (least significant half TDELTA ) . 

GD!, GDTl: See General Program Control. 

GOBb: See General Program Control. 

KlOObS: Constant, program notation
6

"100Bt8" , scale factor B8, units centi
secon::ls. Value is 100 x 2-0

, corresponding to one second (to convert 
centi- seconds to seconds ) . 
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KlOObm1
4

: Constant, program notation 11 100B- 1411
, scale factor Bl4, units 

centi-seconds. Value is 100 x 2- 14, corresponding to one second . 

K200 : Constant, program notation "200Cf', scale factor Bl2, units 
cs centi-seconds . Value is 200 x 2- 2, corresponding to 2 secon:is . 

K
5
00bm1

4
: Constant, program notation "500B- 1411

, scale factor Bl4, units 
centi-seconds. Value is 500 x 2-14, corresponding to 5 seconds . 

K2 f: Constant, program notation 11 s40.135 11
, scale factor B23, 

res nominal value 69.6005183 x 2- 23 , Value corresponds to 796 K 2 times 2-23, i.e. the velocity increment (after dividing by MA$55s 
for 7,96 seconds of two- jet RCS thrusting . See Burn Control for 
K value. Octal value is 000008 042638, corresponding to 
69:59j75 x 2- 23. Before original ignition, 11 S40 .13 11 is entered 
5 seconds before ignition time, with last Average-G sample made 
5.96 seconds before ignition . Program zeros channel 5 (ullage 
jets ) at end of "IGNITION11 routi ne , 2 seconds afte r ignition . 

K2 nd : Constant, program notation "FOURSEC + 111
, s cale factor Bl3, units 

sec s centi-seconds . Octal value is 006208 000008, corresponding to 
200 x 2- 13, or two secon:is . 

K2 xh : Constant, program notation 11 2VEXHUST 11 , scale factor B7, units 
ve meters/ centi- sec9nd. Value is 63.020792 x 2- 7, corresponding to 

2 x 31.510396 x 2- , where first term is an equation factor of 
two, second is the exhaust veloci ty i n meters/centi- second , and 
the third is the scale factor. Exhaust velocity of 3151 .0396 
meters/second (10338.05643 fps) corresponds to an I , dividing 
by 9.80665, of about 321.32 se conds, or 20500/63 . 8 . sp 

K th : Constant, program notation 11 EARTHMU 11
, scale factor B36, value 

ear mu -3 ~ 986032El0 x 2-36, corresponding to earth - f- (in uni ts of 
meters-' / centi- second2). 

K 10 : Constant, program notation 11EP4(10)L11 , scale factor BO, units 
ep revolutions. Value is 0.027777777, corresponding to ten degrees. 

Ke 45 : Constant, program notation 11EP4(45)L11 , scale factor BO, units 
P revolutions . Valua is 0 .125, corresponding to 45 degrees. 

K 10 : Constant, program notation 11EP4(10)H" , scale factor BO, units 
eps revolutions. Value is 0.027777777, the same as KeplO (duplicate 

storage in 11 high 11 part of memory) . 

Keps45 : Constant, program notation 11EP4(45)H11 , scale factor BO, units 
revolutions. Value is 0.125, the same as K . 

ep45 
Kfour ec: Constant, program notation 11 FOURSEC 11 , scale factor B28, 

s units centi- seconds. Value is 400 x 2-28, corresponding to 
four seconds. 
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K : See Digital Autopilot TVC Routines. 
frepfrac · 

K . . : Single precision constant, program notation 11 HIBIAS 11
, scale factor 

hibias Bl, value 0.4192 x 2- l, See square root routine in Mathematical 
Functions. 

K . : Single precision constant, program notation 11 HISLOPE 11
, scale 

hislope factor BO, value 0.5884. 

K . : Constant, · program notation 11KPIP2 11
, scale7factor B-7, :mits 

kpip2 meters/ centi- se2ond. Value is 5.85E-4 x 2 , corresponding to 
5,85 x 10-2 x 10- x 27, where first term is nominal accelerometer 
scale factor in units of centimeters/ second per count, second 
converts to meters, third converts to centi-seconds, and fourth is 
scale factor. 

K . : Single precision constant, program notation 11 LOBIAS 11
, scale factor 

lobias Bl, value 0.2974 x 2-~. 

K Single precision constant, program notation 11 LOSLOPE 11
, scale 

loslope factor BO, value 0.8324. 

K : Constant, program notation 11 -FOURDT 11
, scale factor Bl6, units 

mfourdt centi- seconds. Value is - 800 x 2-18, corresponding to 
(-1) x 200 x 2-lb, where first term is an equation factor, second 
is computing interval (i.e. 2 seconds ) , and third is scale factor. 

K . : See Attitude Maneuvers (equivalent effect achieved to use of 
minrnagexplicit constant, by checking most significant half of magnitude 

for 0). 

K . : Dummy constant used to show effect of checking for magnitude of 
minrnagrvector information, scale factor B32

6 
units meters. Value is 

equivalent to 2- 14 (cf. K . ) , or 2 meters. 
rrunmag 

Kb' : Constant, program notation 11 PBIAS11
, scale factor BO, units 

P iasrevolutions. Value is - 0.00597222222, corresponding to -2.15 
degrees ( the 11 pitch mechanical bias with thrust on11

) . Hence a 
PACTOFF input of +2.15 degrees would be considered to line up the 
bell in pitch along +X. 

Kt b
4

: Constant, program notation 11 TENBNK1411
, scale factor B4, value 

en 10 x 2-4, correspondin&. to 10. Used to correct for the fact 
that matrix elements of LQUADRO'fiare multiplied by 0.1 because of 
the cycle rate during Attitude Maneuvers. 

Kth t : Constant, pro~ram notation 11 THETACON11
, scale factor B6 

6 
value 

e con0.31830989 x 2- . Value corresponds to ~ x (l / 2'1T ) x 2- , where 
first term is an equation factor of one-half ( to obtain half the 
central angle traveled during the burn ) , second converts from 
radians to revolutions, and third is scale factor. 

Kt . : Constant, pro~ram notation 11 TRIMSCAL1 1
, scale factor B-13, value 

rimsl. 07975111 x 2- • Value corresponds to 85. 41 x J./(360 x 3600 ) x 
213, where first term is bit weight in arc seconds for PACTOFF 
and YACTOFF, second converts to revolutions, and third is scale 
factor . 
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Ktwodt: Cor:stant, program notation "TWODT", scale factor B28, units 
centi-seconds. Value is 200 x 2-28, corresponding to 2 seconds. 

Kybias: Const~nt, program i:otation "YBIAS", scale factor BO, units 
revolutions. Value is +0.00263888889, corresponding to +0.95 

degrees (the "yaw mechanical bias with thrust on") . Hence a YACTOFF 
input of -0. 95 degrees would be considered to line up the 
bell in yaw along +X. 

KPRIMEDT: See Digital Autopilot TVC Routines. 

MASS: See Digital Autopilot Interface Routines. Incorrect "double precision" . 

MASSTMP: Temporary storage for CSMMASS in "S40.8" , scale factor Bl6, units 
kilograms, used to achieve restart protection there. 

NBRCYCLP: Single precision counter, scale factor Bl4, of the number 
of cycles of DELVRE.E information that have been summed in DELVSUM 
It is incremented in "UPDATEVG" and reset in "SETUP.9 11 , It -· 
is used for restart protection purposes (with NBRCYCLS which 
is in the preceding cell), and also to update y . by' the suitable 
amount of BDT. for the time elapsed since 11 s40 ,9gt~~s established. 

NBRCYCLS: Single precision counter, scale factor Bl4, used in conjunction 
with NBRCYCLP . At the end of "S40.9", it is set to - 1 as a flag 
to "UPDATEVG" that a new Lambert solution has been obtained. It is 
also set to an initial condition of -1 in "P40SXTY 11 (for P40 and P41) 
before Average-G is started . 

NOMTIG: See Burn Control. 

NVWORDl : See Burn Control. 

O:MEGAQ: See Digital Autopilot TVC Routines . 

PACTOFF: See Digital Autopilot TVC Routines. 

PASTDV: Single precision value of PRESDV (accelerometer output information) 
from previous cycle, scale factor Bl4, units accelerometer counts. It 
is initialized in "S40 .13", and loaded from PRESDV in "SBTASK 11

• 

PASTT: Single precision value of PREST (time tag for PRESDV) from previous 
cycle, scale factor Bl4, units centi- seconds, loaded from PREST at 
end of "SBTASK 11

• 

PIP!: See IMU Computations. 

PIPAPI: Single precision cumulative sum of accelerometer output, scale 
.factor Bl4, units accelerometer counts, initialized to zero in "S40.13" 
and incremented by accelerometer readout in "READACCS 11

• 

PITANG: Value of angle in pitch axis used in "S40.2,3", scale factor BO, 
units revolutions. It is used to calculate the desired position of 
the SPS engine bell in spacecraft coordinates. 
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POINTVSM: See Attitude Maneuvers. 

PRESDV: Single precision magnitude of accelerometer output (compensated 
for accelerometer scale factor and bias errors ) since PIPAP1 zeroed, 
scale factor Bl4, units accelerometer counts. 

PREST: Single precision time tag associated with PRESDV, scale factor 
Blh, units centi-seconds. 

QFC!: Value of quantity ~omputed in 11 S40 .1B 11
, scale factor B-5, units 

meters/ centi-second , stored in push-down list location 12D. 

[QUADROT]: See Attitude Maneuvers. 

R .. t: See Rendezvous Computations. 
-1n1 

fL.. : See Burn Control. 
ulg 

REPFRAC: See Digital Autopilot TVC Routines. 

SBVGMAG: Single precision value of required velocity to be gained 
(measured at the time of 11 s40.13 11 performance ) , scale factor Bl4, 
units accelerometer counts. Loaded double precision, but least 
significant half subsequently used for DVI'AIL. 

SCA.XI~: See Attitude Maneuvers. 

T go Value of time-to-go computed in 11S40.811 (and 11 S40.13 11
) , scale factor 

B28, units centi-seconds. Least significant half loaded with 
required delay before cutoff ( for restart protection purposes ) , 
scale factor Bl4. 

T .t: Value of time tag associated with state vector loaded by 11 SETUP.9 11
, 

ni scale factor B28, units centi-seconds. 

T 't : Value of T 't for previous entry into 11 s40.9 11
, loaded at the 

ni P~~d of 11 s40.9 11 ,n~cale factor B28, units centi-seconds. Used with 
Tnit to determine the proper divisor (with K200cs) for difference 
of required velocities, in computation of BD!. Since accelerometer 
sampling at 2 second intervals, value used to divide velocity 
difference would be expected to be an integer (e.g. 2 if four 
seconds elapsed ) . Time difference shifted left 17 places after 
being formed, giving result modulo 211 centi-seconds (20.48 seconds ) . 

T · See Burn Control. pass4' 

Tpptml: See IMU Computations. 

TDELTA: Time interval information (corrected for possible overflow of 
TIMEl, the least significant half of the computer clock) , scale 
factor Bl4, units centi-seconds, single precision. 

TZEROED: Value of least significant half of T sampled in 11 s40.13 11 

giving the value of TIMEl associated witRptml the zeroing of PIPAPI 
(since PIPA zeroed when T tml is loaded ) . It is single precisio~, 
scale factor Bl4, units PP centi-seconds. 
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UT: Unit vector, scale factor Bl, in the direction of desired thrust 
(expressed in reference coordinates). Cell also used for temporary 
storage purposes. 

Yg: Velocity-to-be-gained vector, scale factor B7, units meters/centi
second, in reference coordinates. 

Vt' : See Burn Control (during Average-G running, retains the previous 
-g igvalue of V ) . 

-g 

V .. t: See Rendezvous Computations . 
-i.ni 

V. . : See Rendezvous Computations. -ipri.me 

V : Value of previous V. . ( i.e. the one associated with T . ) -rprev -ipri.me nitprev ' 
scale factor B7, units meters/centi-second. 

~· : See Burn Control. 
vl.g 

VELSS: Square of "net" accelerometer output, including effects of scale 
factor and bias erro~ compensation, scale factor B28, units of 
accelerometer counts. The square root is PRESDV. 

VGDISP: See Burn Control. 

VRSSmSL: Single precision counter, scale factor Bl4, units counts, used in 
"SQRTTASK" to count the number of pairs of shifts required for X in 
order to make it be in range f;: to <: 1. 

X: Dummy argument used in 11 SQRTTASK 11 for documentation convenience (cf . 
square root routine in Mathematical Functions). The VELSS cells 
themselves are used to store X in program. 

Ksrnd' xsrnd' ~srnd: See Inflight Alignment. Program notation also fx 1 
L: screfj · 

YACTOFF: See Digital Autopilot TVC Routines. 

YAWANG: Value of angle in yaw axis used in 11 s40.2,J1 1 , scale factor BO, 
units revolutions. Cf. PITANG. 
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Telemetry 

DODOWNTM Entered after receipt of program interrupt #8, telemetry 
end pulse (from telemetry system) 

If bit ?(Word Order Code) of channel 13 = 0: 

Perform 11 Cl3STALL' 1 

Set bit 7(Word Order Code) of channel 13 = 1 

Proceed to address specified by DNTMGOTO 

DNPHASEl Initial condition set in 11 STARTSUB11 for DNTMGOTO 

SUBLIST = -1 

DNECADR = -1 

DNTMGOTO = 11 DNPHASE2 11 

CTLIST = K 
. dntableDNLSTCOD 

(Tag here is 11 NEWLIST 11
) 

Perform 11 Cl3STALL' 1 

Set bit ?(Word Order Code) of channel 13 = 0 

Channel 34 = - DNLSTCOD 

Channel 35 = 773408 (i.e. - 00437 8) 

Resume 

DNPHASE2 

If DNECADR > 0: (i .e. sending data) 

Proceed to 11 FETCH2WD1' 

If SUBLIST) 0: (i .e. sending sublist) 

Proceed to 11NEXTINSL1 1 

If CTLIST ~ 0: (End of list reached, start over) 

Proceed to 4th line of 11 DNPHASE111 

ADR = ECTLIST 

If ADR > 0: 

(Tag here 11 NEXTINCL1 1
, get here e.g. next 

interrupt after doing 11 DNPHASE1 11 ) 

CTLIST = CTLIST + 1 
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If ADR < 0: 

CTLIST = - CTLIST 

DNECADR = I ADR I 
If DNECADR = 11 TIME2": 

Perform 11 Cl3STALL 11 

(end of list reached) 

(i.e. computer clock) 

Set bit ?(Word Order Code) of channel 13 = 0 

Proceed to "SETW0+-2 11 

SETW0+-2 

TS = DNECADR - 300008 

If TS ~ 0: (i.e. bits 14-12 of DNECADR less than 6) 

Proceed to "FETCH2WD" 

TS = TS - 040008 

If TS ;) 0: (i.e . bits 14-12 of DNECADR are 7) 

TS1 = Channel # (DNECADR - 340008 + 1) (Tag here 11 DODNCHAN 11
) 

TS2 = Channel # (DNECADR - 340008) 

DNECADR = -1 

, (3400~8 subtracts 
bits 1.4- 12 = 7) 

Channel 34 = TS2 

Channel 35 = TS 1 

Resume 

SUBADR = EnNECADR 30000 - 8 

If SUBADR > 0: 

SUBLIST = DNECADR 

Proceed to 11NEXTINSL 11 

(bits 14- 12 of DNECADR are 6; tag 
here is "DODNPTR") 

SUBLIST = DNECADR 

SUBADR = \SUBADRl - 1 

(SUBADR negative, meaning snapshot) 

TMINDEX = 0 

Proceed to 11 SNAPLOOP 11 

TELE- 2 
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SNAPLOOP 

EBANK = bits 11-9 of SUBADR 

TS = 14018 + (bits 8-1 of SUBADR) 

DNTMBUFFTMINDEX = ETS 
dp 

TMINDEX = TMINDEX + 2 

SUBLIST = SUBLIST + 1 

SUBADR = ESUBLIST 30000 - 8 
If SUBADR > 0: 

SUBADR = SUBADR - 1 

Proceed to "SNAPLOOP" 

SUBLIST = \SUBADR\ - 1 

DNECADR = - 1 

TS = SUBLIST 

SUBLIST = -1 

EBANK = bits 11- 9 of TS 

TS = 14018 + (bits 8- 1 of TS) 

(Channel 34, Channel 35) = ETS 
. dp 

Resume 

FETCH2WD 

EBANK = bits 11- 9 of DNECADR 

TS = (bits 8- 1 of DNECADR) 

DNECADR = DNECADR + 740018 

TS = 14008 + TS 

(Channel 34, Channel 35) = ETS 
dp 

Resume 

TELE-3 

(14018 instead of 14008 
because of decrement in 
original setting of SUBADR) 

(subtracts 1 from bits 14-12 and 
adds 2, for double precision, 
to bits 11-1: 740018 = - 040008 + 
000028) . 



NEXT IN SL 

SUBADR = ESUBLIST - 30000
8 

If SUBADR) 0: 

SUBLIST = SUBLIST + 1 

If SUBADR < 0 : 

SUBLIST = -1 

DNECADR = f SUBADR \ 

Proceed to 11 SETWo+2 11 

(end of list reached) 

DNDUMPI Entered by the setting of DNTMGOTO to "DNDUMPI" in 
11 DNEDUMP 11 for a V?J.lE 

DUMPLOC = 0 

Perform "SENDID" 

DNTMGOTO = "DNDUMPP 

Channel 34 = DUMPLOC 

Channel 35 = TIMEl 

Resume 

SEND ID 

DNTMGOTO = Return address 

Perform 11 Cl3STALV 1 

Set bit ?(Word Order Code) of channel 13 = 0 

Channel 34 = 17778 
Channel 35 = 773408 
Resume 

DNDUMPl 

DNTMGOTO = II DNDUMP' I 

EBANK = bits 11-9 of DUMPLOC 

TS = 14008 + (bits 8-1 of DUMPLOC) 

(Channel 34, Channel 35) = ETS 
dp 

Resume 

TELE-4 
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affecting shift register cells, 
00208 - 00233) 
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DNDUMP 

DUMPLOC = DUMPLOC + 2 (modulo 2
14

) 

If bits S-1 of DUMPLOC f 0: 

Proceed to second line of "DNDUMPl" 

If bit 13 of DUMPLOC = 1: (2 complete dumps) 

Proceed to 11 DNPHASEl 11 

Proceed to second line of 11 DNDUMPI1' 

VAC5STOR Entered from 11 BAILOUT 11 , 
11GOPROG 11

, and 11 POOD00 11 to save 
data in VAC area #5 for ground checking (after e.g . V74E) 

VAC5+3id = (LOC, BANKSET). p 1 
(i = 0- 6) Job regi ster set 

starting addresses 
Job priorities VAC5+2+3i = PRIORITY . (i = 0- 6) 

1 

VAC5+19+2idp = (PHSNAMEi) (i = 1- 6) 2CADR variable- type restarts 
starting addresses 

VAC5+32+i = PHASEi (i = 1- 6) Res tart- group phase values 

VAC5+39 = MPAC+3 

VAC5+40dp = NEWLOC 

VAC5+22 = NEWJOB 

VAC5+26 = NEWPRIO 

Return 

Used i n display interface routines 
for return address 

Contains starting address for job 
being established 

Control of job selection 

Priority of new job 

NOTE: See 3420.5-27 for tletails of the significance of the above 
quantities. They are intended to be an aid to determining 
11what happened 11 when other methods (such as flag words or 
program alarms) give insufficient detail . Use of these 
quantities would require access to the program listing, and 
a detailed understanding of the coding implementation . Such 
details (absolute rnq.chine addresses, and all restart points) 
can be obtained from the l isting as necessary; they are not 
included in this document . 
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Quantities in Computations 

See also list of major variables and list of routines 

ADR: Single precision dummy cell used for temporary storage of the 
address information taken from the cell whose address is in 
CTLIST (i.e. the 11 control" , or master, telemetry list ) . If it 
is read as negative, this means that the end of the master list 
(the final entry) has been reached. When t he necessary number 
of telemetry transmissions have taken place based on this last 
entry, the list is started again (CTLIST is complemented if ADR 
is found negative, for control in 11 DNPHASE2 11

) . 

CTLIST: Single precision cell initialized in 11 DNPHASEl11 with the 
starting address for the 11 control11, or master, telemetry list, 
and subsequently incremented in 11 DNPHASE2 11 as quantities are 
read from this list. When the final quantity is read, CTLIST 
is complemented (see ADR ) to cause list to be restarted again. 

DNECADR: Single precision erasable memory cell used to contain the 
address (and other) information associated with the transmission 
of a series of words based upon a single entry into the control 
or sublist table. Bits 8- 1 give the S- register portion of the 
word in E-memory (the most significant half), while bits 11- 9 give 
the EBANK. If bits 14- 12 are in the range 0-5, they control the 
transmission of 1- 6 respectively consecutive erasable memory pairs. 
While this transmission is going on, DNECADR will be positive, 
causing branching at the start of 11 DNPHASE2 11 to 11 FETCH2WD11

, where 
bits 14-12 are decremented by 1 and bits 11- 1 incremented by 2 
(for double precision operation). When final cell has been sent 
based on a given table entry, DNECADR becomes negative, allowing 
further checks in 11 DNPHASE2 11

• 

If bits 14-12 of DNECADR are 6, this means a 11 sublist 11 (i.e. a 
list of telemetry quantities that can be common to several master 
lists, hence serving as a quasi 11 sub-routine 11 list ) , with bits 
11-1 giving its starting address. Finally, if these bits are 7, 
they indicate transmission of channel information. 

DNLSTCOD : Single precision cell, scale factor Bl4, loaded by various 
mission programs (e .g. in V37 processing, transition to Pll or P62, or 
start of P27) with the desired serial number (in range 0-3 ) of 
the master downlist to be sent. It is used in 11 DNPHASEl11 to 
index K to select the proper starting address, and for list id. 

dntable · 
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DNTMBUFF: Set of 12 erasable memory cells which can be loaded in 
11 SNAPLOOP11 with values of. quantities (such as vehicle . state 
\rector) requiring sampling at a single point in the computation 
cycle. A 11 snapshot 11 is ;indicated by bits 14- 12 of DNECADR being 
6 (a sublist) and the first word in that list being negative. 
Looping continues in 11 SNAPLOOP 11 until the next negative word is 
found: this wo.rd is not used for address information to be placed 
into DNTMBUFF, but instead is used to read the memory directly and 
send the indicated word . Consequently, 7 double precision cells, 
e.g. position, velocity, and time, can be subject to the 11 snapshot 11 

process at a given telemetry interrupt. 

DNTMGOTO: Single precision cell containing address to which transfer is 
to be made when a telemetry interrupt (#8) is received. Except 
for initialization, it would be expected to remain at 11 DNPHASE211 

for normal (i.e . not erasable memory dump) dqwnlists. 

DUMPLOC: Single precision cell (assigned same er asable memory ce ll as 
TMINDEX) used to control the perf ormance of the er asable memory 
dump program. Initia lized t o zero .at the st art of 11 DNDUMPI11, and 
subsequently incremented by 2 in 11 DNDUMP11 t o permit se l ecti on of 
the· next set of erasable memory ce lls . Bits 8-1 (0008 - 377 ) 
sele ct the cell within the er asable memory bank, since each ~ank has 
256 cells. Bits 11- 9 (carri es propagate from bit 8, of course) 
select the erasable memory bank (0 - 7) . Bits 13- 12 serve as a 
counter of the number of complet e erasable dumps which have been 
performed (when bit 13 becomes 1, indicating 2 dumps, dumps cease) . 

EBANK : See Data Input/Output . 

Kd t bl : Table of single precisi on s t arting addresses for master 
n a ei telemetry downlists, used in 11 DNPHASEl 11 to load the proper 

initial conditions for CTLIST based upon the present value of 
DNLSTCOD. Program notation for first table entry is 11 DNTABLE 11

• 

Values are: 

0 
1 
2 
3 

Starting Address 

II CMCSTADL' I 
11 CMENTRDL' I 
II CMRENDDL' I 
11 CMPOWEDL' I 

Identification of List Data 

Coast and Align 
Entry and Upiate 
Rendezvous & Prethrust 
Powered 

SUBADR: Single precision dllIID1l.y ·cell used for temporary storage of 
the address information taken from the cell whose address is 
in SUBLIST (i.e. a 11 sublist 11

, see DNECADR) . If it is read as 
negative, this means that the end of the sublist has been 
reached. When the necessary number of telemetry transmissions 
based on this last entry have taken place, the master list is 
used again (SUBLIST is set negative in 11 NEXTINSL' 1

, for control 
in 11 DNPHASE2 11 ). Function is analogous to ADR's for a master list. 
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SUBLIST: Single precision cell initialized in "SETWOt-2" to DNECADR 
for a non- snapshot list (for bits 14- 12 of DNECADR = 6), giving 
then the starting address of the required sublist. While 
positive, "DNPHASE2" will transfer to "NEXTINSL" whenever 
DNECADR becomes negative: "NEXTINSL" increments SUBLIST until 
a negative readout (see SUBADR) is encountered, when SUBLIST 
is set to -1 to cause "DNPHASE2" to return to the master list. 
Function is analogous to CTLIST's for a master list. In 
"SNAPLOOP", it is used to index the readout of the snapshot 
sublist, and is left at - 1 when 11 SNAPLOOP" is done to cause 
11 DNPHASE2 11 to take next entry from master list (which should 
be a requirement to transmit DNTMBUFF cells). 

TMINDIDC: Single precision cell, scale factor Bl4, initialized to 0 
in "SETWOt-211 for use in indexing DNTMBUFF storage in "SNAPLOOP11

• 

It is assigned the same cell as DNECADR. 

VAC5 : First address in VAC area #5 (see 3420.5- 27), the last to be assigned, 
and hence used in ''VAC5STOR11 to retain trouble- shooting information. 

Information on the downlists appears on the following pages: 

Telemetry Table Interpretation TELE- 9 

Coast and Align List TELE- 11 

Entry and Update List TELE-16 

Rendezvous & Prethrust List TELE- 21 

Powered List TELE- 26 

Special Erasable Memory Dump List TELE-31 
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Telemetry Table Interpretation 

To satisfy mission requirements, four different sets of downlinked 
memory cells can be specified. The mission program achieves the 
required specification by setting a quantity between 0 and 3 into 
DNLSTCOD (usually as part of the processing of a V37 program change). 
This quantity is used to index a table of fixed memory addres.ses in 
order to find the starting address of the particular list of downlinked 
memory cells required (powered flight, coast and align, etc.). In order 
to minimize the amount of fixed memory required for storage of this 
information, and maximize the flexibility of the information that is 
telemetered, a special storage format for the required addresses is used. 

The table whose starting address is found by using DNLSTCOD is 
mown as the 11 control11 (or maste r ) downlist. There is a separate 
such list for each different downlink set of information, and except 
for the first word in each 100-word set, the transmission of the 
information in the downlink set is under the control of information 
in this control list. 

Within this control list , several different types of options 
can be employed: 

a ) A single (double precision, i .e . 2 consecutive erasable memory 
cells ) downlink transmission can be specified. This is done by storing 
the ECADR (see 3420.5- 27) of the first word in bits 11- 1 of the fixed 
memory cell. The assembler operation is 11 1DNADR 11

• 

b ) Two downlink transmissions (giving four cells in a row) can be 
specified. This is done by stori ng the ECADR for the first word in 
bits 11-1 of the fixed memory cell and putting a 1 in bit 12. The 
assembler operation in this case is 11 2DNADR 11

• 

c ) Three downlink transmissions (giving six cells in a row) can 
be specified. Here again, the ECADR of the first word is in bits 11- 1 
of the fixed memory ~ell and a 1 is put in bit 13 . The assembler 
operation in this case is 11 3DNADR 11 

• 

d) Four, five, or six (giving 8, 10, or 12 cells in a row) can 
also be specified. The ECADR of the first word is in bits 11-1 of 
the fixed memory cell and bits 14-12 contain the (number - 1 ) of the 
transmissions desired: bit 14 is a 1 and bit 12 is a 1 for six 
transmissions, for example. The assembler operations are nDNADR. 

e ) A 11 sublist 11 can be specified. This permits a sequence of cells, 
such as state vector information, that may be conunon to more than one 
list to be specified only once (a sort of quasi 11 sub- routine 11 capability). 
In this case, bits 11- 1 contain the address of the sublist (S- register 
portion, since in same bank) and bits 14- 12 contain 6 (assembler operation 
is 11 DNPTR11

). This particular assignment makes the 15-bit memory word 
of the form 3XXXX: rather than subtracting or masking out the 113 11 (as 
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indicated in this writeup ) , the coding takes advantage of the fact 
that this is the proper form for a ''clear add" instruction (hence 
merely indexes on 000008). 

f ) A single downlink transmission of a pair of channels can be 
specified. In this case, bits 6-1 would contain the channel number 
and bits 14-12 would contain 7. The assembler operation for this is 
11 DNCHAN 11 , and advantage is taken of the 11 711 by indexing to form the 
required order, rather than subtracting or masking it out as 
indicated in this writeup. 

g) The end of the control list (indicating that the list should 
be started again) is flagged by having the cell be negative (e.g. 
11 -6DNADR11 instead of 11 6DNADR"). 

If, per item e, a "sublist" in specified, then two options are 
available: 

1. A "normal" sublist, in which case information can be stored 
in a manner exactly like the control list, except that option "e" 
should not be used (sublists cannot reference other sublists). The 
end of the sublist is flagged by a negative cell (as in option "g 11

), 

indicating in this case that information should again be taken from 
the control (master) list (at the line after the DNPTR). 

2) A "snapshot" sublist, flagged by the fact that the first item 
in the sublist is negative (i.e. "-1DNADR11

). The "snapshot" feature 
allows up to seven double precision words to be sampled at the same 
telemetry interrupt point, to achieve on the downlink a consistency 
of this information (e.g. position, velocity, and time of state vector ) . 
In this case, the remaining items in the sublist must be "lDNADR" form; 
the cell data specified by the first table entry through the next-to
last are stored in a special telemetry buffer (DNTMBUFF). The last 
entry in the sublist is negative, and in this case only is the first 
cell address t .ransmitted. In all other cases, addresses in the lists 
are stored in the order in which they are transmitted. In order to 
cause transmission of the DNTMBUFF cells, the entry in the control 
list following the DNPTR cell for the snapshot should require 
transmission of DNTMBUFF cells (e.g. 11 6DNADR DNTMBUFF"). 

Except for specification of snapshot lists, which can occur only 
by DNPTR orders in the master (control) list, there is no maximum to 
the number of individual entries in either the control or sublists, 
except of course the convention that a complete telemetry cycle involves 
100 double precision words. In addition, downlink processing format 
requires that word #51 ( the computer clock) have a word order code bit 
of 0: a check for transmission of this word is made only for readouts 
from the master list (address 00248). 
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Information in Telemetered Words 

There are four different downlists that may be transmitted during 
the flight (plus the special erasable memory dump initiated by a 
V74E). These four lists are implemented in the computer memory as the 
addresses of cells in erasable memory: the contents of the cells, in 
turn, can depend upon the phasing of the telemetry interrupts with 
respect to the other computations. In addition, cells are frequently 
time shared among different mission phases. The information below 
should be augmented by more detailed material on the telemetry data for 
items not covered . 

Unless otherwise specified, the contents of the words below 
reflect both Channel 34 and Channel 35 ( i.e. a double precision 
number). In those cases for which the information in the two channels 
is not closely related, "a" signifies the Channel 34 information and 
"b' 1 the Channel 35 information . 

Coast and Align List 

This list, with starting address of "CMCSTADL", is selected for 
DNLSTCOD = 0. It is used in POO, POl, P02, P03, P06, P07, P50, P51, 
P52, P53, P54, and P55, 

Word # Quantity 

List Identification 

la 

lb 

777778 

773408 

Snapshot Group #1 

2-4 R 

5-7 v 

8 T pptm 

Snapshot Group :/1..2 

Meaning 

Identification of list (-0) . 

Special synchronization bits. 

Words 2-8 are all sampled at the same telemetry 
interrupt time, with words 3-8 stored in 
DNTMBUFF for subsequent transmission. Cells 
for these words are those originally sampled. 

Position state vector (word 2 x component). 

Velocity state vector (word 5 x component) . 

State vector time . 

Words 9-13 are all sampled at the same telemetry 
interrupt time, with words 10- 13 stored in 
DNTMBUFF for subsequent transmission. 
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Word # 

9, lOa 

lOb 

11- 13 

Quantity 

CD!I 

CDUT 

ADOT 

Erasable Group #1 

14,15a 

15b 

16,l?a 

17b 

18 

19a 

19b 

20-23a 

23b 

24-27a 

27b 

28 

29 

30a 

30b 

31-33 

34-36 

37-39 

AK 

RCSFLAGS 

THETADX 

DELCDUX sp 

T. 1g 

BEST I 

BESTJ 

MARKDOWN 

RM 

MARK2DWN 

BVECTOR0 y,sp 
HA POX 

HPERX 

PACTOFF 

YACTOFF 

v t' - g 1g 

REFSMMA.±.o 

REFSMMA1'.
3 

Meaning 

IMU CDU angles. 

See Optics Computations. 

See Digital Autopilot RCS Routines (same 
cell used for e.g. TVC DAP observed rates) . 

Words 14- 44 are sampled as the telemetry 
interrupt for them is received. 

See Digital Autopilot Interface Routines. 

See Digital Autopilot Interface Routines. 

See Digital Autopilot RCS Routines (these 
are not N22 quantities) . 

See Attitude Maneuvers. 

Ignition time (or predicted cutoff time). 

See Inflight Aligrunent . 

See Inflight Alignment. 

Cells MARKDOWN+O to MARKDOWN+6 (see Measurement 
Incorporation). 

See Measurement Incorporation. 

Cells MARK2DWN+O to MARK2DWN+6 (see Inflight 
Alignment) • 

See Measurement Incorporation . 

See Display Computations. 

See Display Computations . 

See Digital Autopilot TVC Routines. 

See Digital Autopilot TVC Routines. 

See Burn Control . 

First row of [REFSMMA.TI • 

Second row of {jtEFSMMA.TJ. 
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Word # 

40-44 

Quantity 

FLAGWRDO
FLAGWRD9 

Display Table Group 

45-50 DSPTAB+O
DSPTAB+ 11 

Computer Clock 

51 T now 

Snapshot Group #3 

52-54 R -other 

55-57 v -other 

58 Tetlm 

Snapshot Group t~ 

59,60a 

60b 

61-63 

CDU 

CDUT 

ADOT 

Erasable Group #2 

64 

65 

OPTIONl,2 

Meaning 

Program control flag words. 

Words 45- 50 are sampled as the telemetry 
interrupt for them is received. 

"Display table'' information (DSPTAB+O is 45a) . 
See Data Input/Output. 

Word 51 is sampled when the telemetry interrupt 
for it is received. 

Present value of computer clock (TIME2,TIME1) . 

Words 52- 58 are all sampled at the same 
telemetry interrupt time, with words 53-58 
stored in DNTMBUFF for subsequent transmission . 

See Orbital Integration. 

See Orbital Integration. 

See Orbital Integration. 

Words 59-63 are all sampled at the same 
telemetry interrupt time, with words 60- 63 
stored in DNTMBUFF for subsequent transmission . 

IMU CDU angles. 

See Optics Computations. 

See Digital Autopilot RCS Routines (roll, pitch, 
yaw respectively) . 

Words 64- 90 are sampled as the telemetry 
interrupt for them is received. 

See Display Interface Routines. 

See Orbital Integration. 
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Word# 

66,67a 

67b 

68 

69b 

70a 

70b,71 

72a 

72b,73 

74 

75 

76 

77a 

77b 

78 

79 

80a 

80b 

8la 

8lb 

82a 

82b 

83 ,84a 

84b 

85-87 

Quantity 

THETADX 

DELCDUX sp 

RSB~dp 

Channel 76 

Channel 77 

C31FLWRD 

FAILRffi 

CDUS 

PIP! 

OGC 

IGC 

MGC 

Fl.GWRDlO 

FI..GWRDll 

Tevt 

LAUNCHAZ 

OPTMODES 

HOLD FLAG 

LEMMA SS 

CSMMASS 

DAPDATRl 

DAPDATR2 

ERROR 

THETADX 

WBODY 

Meaning 

See Digital Autopilot RCS Routines. 

See Attitude Maneuvers. 

See General Program Control. 

Not meaningful. 

Hardware restart information. 

See Digital Autopilot RCS Routines. 

FAILREG+O to FAILREG+-2 (see General Program 
Control). 

See Optics Computations. 

See IMU Computations. 

See Coordinate Transformations. 

See Coordinate Transformations. 

See Coordinate Transformations. 

Program control flag word. 

Program control flag word. 

Event (e.g. liftoff or engine on/off) time. 

See Prelaunch Alignment. 

See Optics Computations. 

See Digital Autopilot Interface Routines. 

See Digital Autopilot Interface Routines. 

See Digital Autopilot Interface Routines. 

See Digital Autopilot Interface Routines. 

See Digital Autopilot Interface Routines. 

See Digital Autopilot RCS Routines. 

See Digital Autopilot RCS Routines. 

See Digital Autopilot RCS Routines (same cells 
used for corrnnanded rates in TVC). 
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Word # 

88a 

88b,89 

90a 

90b 

Quantity 

REDOCTR 

THETA!2, 

IMODES30 

IMODES33 

Channel Quantities 

9la 

9lb 

92a 

92b 

93a 

93b 

94a 

94b 

Channel 11 

Channel 12 

Channel 13 

Channel 14 

Channel 30 

Channel 31 

Channel 32 

Channel 33 

Erasable Group #3 

95,96a 

96b 

97a 

97b 

98a 

98b 

99a 

99b 

lOOa 

lOOb 

T eph 

R other x,sp 

SLOPE 

ADB 

DAPDATR3 

CH5FAIL 

CH6FAIL 

DKRATE 

DKDB 

WHICHDAP 

Meaning 

See General Program Control. 

Desired CDU angles (e.g . N22). 

See IMU Computations. 

See IMU Computations. 

Words 91-94 are sampled as the telemetry 
interrupt for them is received. 

Outputs. 

Outputs. 

Outputs. 

Outputs . 

Inputs. 

Inputs. 

Inputs. 

Inputs. 

Words 95-100 are sampled as the telemetry 
interrupt for them is received. 

See Boost Computations. 

See Orbital Integration. 

See Digital Autopilot RCS Routines. 

See Digital Autopilot RCS Routines. 

See Digital Autopilot Docked Jet Selection. 

See Digital Autopilot Docked Jet Selection. 

See Digital Autopilot Docked Jet Selection. 

See Digital Autopilot RCS Routines . 

See Digital Autopilot RCS Routines. 

See Digital Autopilot RCS Routines. 
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Entry and Update List 

This list, with starting address of 11 CMENTRDL11
, is selected for 

DNLSTCOD = 1. It is used in P27, P62, P63, P64, P65, P66, and P67. 

Word # Quantity 

List Identification 

la 

lb 

Snapshot Group #1 

2-4 

5-7 

g 

R 

v 

T pptm 

Snapshot Group #2 

9, lOa CD1J: 

lOb CDUT 

11- 13 ADOT 

Erasable Group #1 

14,15a AK 

15b RCS FLAGS 

Meaning 

Identification of list (- 1) . 

Special synchronization bits. 

Words 2- S are all sampled at the same telemetry 
interrupt time, with words 3- S stored in 
DNTMBUFF for subsequent transmission. 

Position state vector . 

Velocity state vector. 

State vector time. 

Words 9-13 are all sampled at the same telemetry 
interrupt time, with words 10- 13 stored in 
DNTMBUFF for subsequent transmission . 

IMU CDU angles . 

See Optics Computations. 

See Digital Autopilot RCS Routines (same 
cell used for e .g . TVC DAP observed rates ) . 
When Entry DAP is turned on, cells used 
for XPIPBUE and XOLDBUE (see General Program 
Control) . 

Words 14- 44 are sampled as the telemetry 
interrupt for them is received . 

See Digital Autopilot Interface Routines. 

See Digital Autopilot Interface Routines. 
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Word # 

16,17a 

l?b 

18a 

18b 

19a 

19b 

20 

21-30 

3la 

3lb 

32a 

32b 

33a 

33b 

34 

35 

36 

37 

38 

39a 

39b 

40-44 

Quantity 

THETAD~ 

DELCDU:X: sp 

CMDAPMOD 

PREL 

QREL 

RREL 

l.d.Dl 

UP BUFF 

COMPNUMB 

UPOLDMOD 

UPVERB 

UPCOUNT 

PAXERRl 

ROLLTM 

LATANG 

RDOT 

THETAH 

LATSPL 

LNGSPL 

ALFAdl80 

BETAdl80 

FLAGWRDO
FLAGWRD9 

Meaning 

See Digital Autopilot RCS Routines. 

See Attitude Maneuvers. In entry, word 17 
contains Q7 (see Entry Computations) and 
word 16 contains (QAXERR, RAXERR) (see Digital 
Autopilot Entry Routines). 

See Digital Autopilot Entry Routines. 

See Digital Autopilot Entry Routines. 

See Digital Autopilot Entry Routines . 

See Digital Autopilot Entry Routines . 

See Entry Computations. 

See Uplink Processing (UPBUFF+O through 
UPBUFF+l9). Same cells used during 
entry DAP for CMTMTIME, SWdNDX, and ENDBlJE 
(see Digital Autopilot Entry Routines) . 
Words 29b and 30a are also Vl (see Entry 
Computations), and 30b AO (see Entry 
Computations) . sp 

See Uplink Processing. 

See Uplink Processing . 

See Uplink Processing. 

See Uplink Processing . 

See Digital Autopilot Entry Routines. 

See Digital Autopilot Entry Routines. 

See Entry Computations. 

See Entry Computations. 

See Entry Computations. 

See Display Computations. 

See Display Computations . 

See Entry Computations. 

See Entry Computations . 

Program control flag words. 
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Word# Quantity 

Display Table Group 

45-50 DSPTAB+O
DSPTAB+ 11 

Computer Clock 

51 T now 

Snapshot Group #3 

52 

53 - 55 

57 

58 

T pptml 

DELV 

TTE 

VIO 

VPRED 

Snapshot Group #4 

59,60a 

60b 

61-63 

CDU 

CDUT 

ADOT 

Meaning 

Words 45-50 are sampled as the telemetry 
interrupt for them is received. 

''Display table" information. See Data 
Input/Output. 

Word 51 is sampled when the telemetry interrupt 
for it is received. 

Present value of computer clock (TIME2,TIME1) . 

Words 52-58 are all sampled at the same 
telemetry interrupt time, with words 53-58 
stored in DNTMBUFF for subsequent transmission. 

See IMU Computations. 

Sampled accelerometer output (if least signifi
cant halves = O, is uncompensated; otherwise 
is compensated data). 

See Display Computations. Also used for 
LdDCALC (see Entry Computations). 

See Display Computations. Also used for 
LEWD (see Entry Computations). 

See Display Computations. Also used for 
VL (see Entry Computations). 

Words 59-63 are all sampled at the same 
telemetry interrupt time, with words 60-63 
stored in DNTMBUFF for subsequent transmission. 

IMU CDU angles. 

See Optics Computations. 

See Digital Autopilot RCS Routines. See also 
words 11-13 above in this list (which are same 
cells). 
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Word# Quantity 

Erasable Group #2 

64 OPTIONl,2 

65 Tet 

66, 67a ERROR 

67b,6g THETADX 

69a CMDAPMOD 

69b PREL 

70a QREL 

70b RREL 

71-go 

g1a 

g1b 

g2a 

g2b 

g3a 

g3b 

g4a 

g4b 

g5 _g7 

gga 

UPBUFF 

LEMMA SS 

CSMMASS 

DAPDATRl 

DAPDATR2 

ROLLTM 

ROLLC sp 

OPTMODES 

HOLD FLAG 

WBODY 

REDOCTR 

Meaning 

Words 64-90 are sampled as the telemetry 
interrupt for them is received. 

See Display Interface Routines. 

See Orbital Integration. 

See Digital Autopilot RCS Routines. 

See Digital Autopilot RCS Routines. Words 
66-6g also contain (single precision) : 
VDTdlgO, mVTdlgOE,unreflected LCXd360, QAXERR, 
RAXERR, and Q7 (see Entry Computations for 
Q7 and DigitalsRutopilot Entry Routines for 
the others). 

See Digital Autopilot Entry Routines. 

See Digital Autopilot Entry Routines. 

See Digital Autopilot Entry Routines . 

See Digital Autopilot Entry Routines. 

See Uplink Processing (UPBUFF+o through 
UPBUFF+l9). See also words 21-30 above 
(same cells) . 

See Digital Autopilot Interface Routines. 

See Digital Autopilot Interface Routines. 

See Digital Autopilot Interface Routines. 

See Digital Autopilot Interface Routines. 

See Digital Autopilot Entry Routines. 

See Entry Computations. 

See Optics Computations. 

See Digital Autopilot Interface Routines . 

See Digital Autopilot RCS Routines. Same 
cells used for connn.anded rates in TVC. They 
are also loaded with ASPSpTMp (see Entry 
Computations ) . 

See General Program Control. 
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Word # Quantity 

88b ,89 THETAQ 

90a IMODES30 

90b IMODES33 

Channel Quantities 

9la Channel 11 

9lb Channel 12 

92a Channel 13 

92b Channel 14 

93a Channel 30 

93b Channel 31 

94a Channel 32 

94b Channel 33 

Erasable Group #3 

95 RSBEQdp 

96a Channel 76 

96b Channel 77 

97a C31FLWRD 

97b,98 FAILREG 

99a FLGWRDlO 

99b FLGWRDll 

lOOa GAMMAEI 

lOOb JJ 

Meaning 

Desired CDU angles (e .g. N22). Same cells for 
RDOTREF and VREF (see Entry Computations). sp 

See IMU Computations. 

See IMU Computations. 

Words 91-94 are sampled as the telemetry 
interrupt for them is received. 

Outputs. 

Outputs . 

Outputs. 

Outputs. 

Inputs. 

Inputs. 

Inputs. 

Inputs. 

Words 95-100 are sampled as the telemetry 
interrupt for them is received. 

See General Program Control. 

Not meaningful. 

Hardware restart information. 

See Digital Autopilot RCS Routines. 

FAILREG+O to FAILREG+2 (see General Program 
Control). 

Program control flag word. 

Program control flag word. 

See Display Computations. Same cell used for 
PREDANG (see Entry Computations), and GAMMAL. 

Loaded with RTGO (see Display Computations); sp 
JJ itself is in Entry Computations. 
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Rendezvous and Prethrust List 

This list, with starting address of "CMRENDDL" , is selected for 
DNLSTCOD = 2. It is used in P20, P21, P25, P29, P30, P31, P32, P33, 
P34, P35, P36, P37, P38, and P77 (and "P81" - 11 P8811

). 

Word # Quantity 

List Identification 

la 

lb 

777753 

773408 

Snapshot Group #1 

2-4 

5-7 

8 

R 

y_ 

T pptm 

Snapshot Group #2 

9,lOa CDU 

lOb CDUT 

11-13 ADOT 

Erasable Group #1 

14,15a AK 

15b RCSFLAGS 

16,17a THETAD,K 

17b DELCDUX sp 

Meaning 

Identification of list (-2 ) . 

Special synchronization bits. 

Words 2-8 are all sampled at the same telemetry 
interrupt time, with words 3-8 stored in 
DNTMBUFF for subsequent transmission. 

Position state vector. 

Velocity state vector. 

State vector time. 

Words 9-13 are all sampled at the same 
telemetry interrupt time, with words 10-13 
stored in DNTMBUFF for subsequent transmission. 

IMU CDU angles. 

See Optics Computations. 

See Digital Autopilot RCS Routines (same 
cell used for e.g. TVC DAP observed rates). 

Words 14-22 are sampled as the telemetry 
interrupt for them is received. 

See Digital Autopilot Interface Routines. 

See Digital Autopilot Interface Routines. 

See Digital Autopilot RCS Routines. 

See Attitude Maneuvers. 
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Word # Quantity 

18 T. lg 

19a SLOPE 

19b ADB 

20a DAPDATR3 

20b CH5FAIL 

2la CH6FAIL 

2lb DKRATE 

22a DKDB 

22b WHICHDAP 

Sna12shot Grou12 #..3. 

23 VHFTIME 

24-27a MARKDOWN 

27b RM 

28a VHFCNT 

28b TRKMKCNT 

Erasable Grou12 :/i..2 

29 Tt . pl 

30 SVEC+2 

31 DELVTPF 

32 Tcdh 

33 T csi 

Meaning 

Ignition time (or predicted cutoff time). 

See Digital Autopilot RCS Routines . 

See Digital Autopilot RCS Routines. 

See Digital Autopilot Docked Jet Selection. 

See Digital Autopilot Docked Jet Selection. 

See Digital Autopilot Docked Jet Selection. 

See Digital Autopilot RCS Routines. 

See Digital Autopilot RCS Routines. 

See Digital Autopilot RCS Routines . 

Words 23- 28 are all sampled at the same telemetry 
interrupt time, with words 24- 28 stored in 
DNTMBUFF for subsequent transmission. 

See Measurement Incorporation . 

Cells MARKDOWN+O to MARKDOWNJ-6 (see Measurement 
Incorporation). 

See Measurement Incorporation. 

See Measurement Incorporation. 

See Measurement Incorporation. 

Words 29-44 are sampled as the telemetry 
interrupt for them is received . 

See Rendezvous Computations . 

See Measurement Incorporation . 

See Burn Control . 

See Rendezvous Computations (NSR time) • 

See Rendezvous Computations (NCC time). 
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Word # 

34 

35-37 

38 

39 

40-44 

Quantity 

T 
pass4 

DELVLVQ_ 

RANGE 

RRATE 

FLAGWR.DO
FLAGWR.D9 

Display Table Group 

45-50 DSPTAB+O
DSPTAB+ 11 

Computer Clock 

51 T now 

Snapshot Group #4 

52-54 R -other 

55-57 v -other 

58 Tetlm 

Snapshot Group #..2 

59,60a CDU 

60b CDUT 

61-63 ADOT 

Meaning 

See Burn Control. 

See Burn Control. 

See Display Computations (same cell used for 
· W1"1POS, see Measurement Incorporation). 

See Display Computations (same cell used for 
HAPOX, Display Computations, and WWVEL, see 
Measurement Incorporation) . 

Program control flag words. 

Words 45-50 are sampled as the telemetry 
interrupt for them is received. 
11Display table 11 information. See Data 
Input/Output. 

Word 51 is sampled when the telemetry 
interrupt for it is received. 

Present value of computer clock (TIME2,TIME1). 

Words 52-58 are all sampled at the same 
telemetry interrupt time, with words 53-58 
stored in DNTMBUFF for subsequent transmission. 

See Orbital Integration. 

See Orbital Integration. 

· see Orbital Integration. 

Words 59-63 are all sampled at the same 
telemetry interrupt time, with words 60-63 
stored in DNTMBUFF for subsequent transmission. 

IMU CDU angles. 

See Optics Computations. 

See Digital Autopilot RCS Routines. 
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Word # Quantity 

Erasable Group #3 

64 

65 

66,67a 

67b 

68 

69a 

69b 

70a 

70b,71 

72a 

72b,73 

74 

75 

76 

77-79 

80a 

80b 

8la 

8lb 

82a 

82b 

83 ,84a 

84b 

85-87 

OPTIONl,2 

DELCDUX sp 

RSBBQdp 

Channel 76 

Channel 77 

CJlFLWRD 

FAIIBEG 

CDUS 

PIPA 

NClTIG 

NC2TIG 

DHDSP 

DELVEET.3_ 

OPTMODES 

HOLD FLAG 

LEMMA SS 

CSMMASS 

DAPDATRl 

DAPDATR2 

ERROR 

THETADX 

WBOIJI 

Meaning 

Words 64-90 are sampled as the telemetry 
interrupt for them is received. 

See Display Interface Routines. 

See Orbital Integration. 
I 

See Digital Autopilot RCS Routines. 

See Attitude Maneuvers. 

See General Program Control. 

Not meaningful. 

Hardware restart information. 

See Digital Autopilot RCS Routines. 

FAIIB:&r+O to FAIIBEG+2 (see General Program 
Control). 

See Optics Computations. 

See IMU Computations. 

See Burn Control. 

See Burn Control. 

See Rendezvous Computations. 

See Rendezvous Computations. 

See Optics Computations. 

See Digital Autopilot Interface Routines. 

See Digital Autopilot Interface Routines. 

See Digital Autopilot Interface Routines. 

See Digital Autopilot Interface Routines. 

See Digital Autopilot Interface Routines. 

See Digital Autopilot RCS Routines. 

See Digital Autopilot RCS Routines. 

See Digital Autopilot RCS Routines (same cells 
used for corrnnanded rates in TVC) . 
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Word # Quantity 

88a REDO CTR 

88b,89 THETAD 

90a IMODES30 

90b IMODES33 

Channel Quantities 

9la 

9lb 

92a 

92b 

93a 

93b 

94a 

94b 

. Channel 11 

Channel 12 

Channel 13 

Channel 14 

Channel 30 

Channel 31 

Channel 32 

Channel 33 

Erasable Group #4 

95 RTHETA 

96 DVDS Pl 

97 DVDSP2 

98 UT PIT 

99 UTYAW 

lOOa FLGWRDlO 

lOOb FLGWRDll 

Meaning 

See General Program Control. 

Desired CDU angles (e.g. N22). 

See IMU Computations. 

See IMU Computations. 

Words 91-94 are sampled as the telemetry 
interrupt for them is received. 

Outputs • 

Outputs. 

Outputs. 

Outputs. 

Inputs. 

Inputs. 

Inputs. 

Inputs. 

Words 95-100 are sampled as the telemetry 
interrupt for them is received. 

See Display Computations (same cell used for 
WWOPT, see Measurement Incorporation, and 
RRATE2 and HPERX, Display Computations). 

See Rendezvous Computations. 

See Rendezvous Computations. 

See Orbital and Rendezvous Navigation. 

See Orbital and Rendezvous Navigation. 

Program control flag word. 

Program control flag word. 
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Powered List 

This list, with starting address of "CMPOWEDL" , is selected for 
DNLSTCOD = 3 . It is used in Pll, P40, P41, P47, P48, and P61. 

Word# Quantity 

List Identification 

la 

lb 

777748 

773408 

Snapshot Group #1 

2-4 

5- 7 

8 

R 

v 

T pptm 

Snapshot Group #2 

9,lOa CDU 

lOb CDUT 

11- 13 ADOT 

Erasable Group #1 

14,15a AK 

15b RCSFLAGS 

16,17a THETADX 

17b DELCDUX sp 

Meaning 

Identification of list (-3 ) . 

Special synchronization bits. 

Words 2- 8 are all sampled at the same 
telemetry interrupt time, with words 3- 8 
stored in DNTMBUFF for subsequent transmission. 

Position state vector. 

Velocity state vector. 

State vector time. 

Words 9-13 are all sampled at the same 
telemetry interrupt time, with words 10-13 
stored in DNTMBUFF for subsequent transmission. 

IMU CDU angles. 

See Optics Computations. 

See Digital Autopilot RCS Routines. Same 
cells are used for OMEGA~ (see Digital 
Autopilot TVC Routines). 

Words 14-29 are sampled as the telemetry 
interrupt for them is received. 

See Digital Autopilot Interface Routines. 

See Digital Autopilot Interface Routines. 

See Digital Autopilot RCS Routines. 

See Attitude Maneuvers. 
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Word # 

18 

19a 

19b 

20a 

20b 

2la 

2lb 

22a 

22b 

23 

24 

25-27 

28a 

28b 

29a 

29b 

Quantity 

T. ig 

SLOPE 

ADB 

DAPDATR3 

CH5FAIL 

CH6FAIL 

DKRATE 

DKDB 

WHICHDAP 

T go 

T pptml 

DELV 

PACTOFF 

YACTOFF 

PCMD 

YCMD 

Snapshot Group #3 

30a CS TEER 

30b RM 

3l. MARK TIME 

Meaning 

Ignition time (or predicted cutoff time). 

See Digital Autopilot RCS Routines. 

See Digital Autopilot RCS Routines. 

See Digital Autopilot Docked Jet Selection. 

See Digital Autopilot Docked Jet Selection . 

See Digital Autopilot Docked Jet Selection. 

See Digital Autopilot RCS Routines. 

See Digital Autopilot RCS Routines. 

See Digital Autopilot R.CS Routines. 

See Steering Computations . Should not be 
confused with Tt (Burn Computations) of 
N40 etc. ogo 

See IMU Computations. 

Sampled accelerometer output (if least 
significant half zero , is uncompensated ; 
otherwise is compensated data) . 

See Digital Autopilot TVC Routines . 

See Digital Autopilot TVC Routines . 

See Digital Autopilot TVC Routines. 

See Digital Autopilot TVC Routines. 

Words 30-31 are sampled at the same telemetry 
interrupt time, with 31 stored in DNTMBUFF 
for subsequent transmission . 

See Steering Computations. 

See Measurement Incorporation (also is least 
significant half of CSTEER). 

See Measurement Incorporation . 
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Word# Quantity 

Erasable Group #2 

32 

33 

34-36 

37-39 

40-44 

FIXTIME 

DvrOTAL 

REFSMMAT.o 

REFSMMAT_
3 

FLAGWRDO
FLAGWRD9 

Display Table Group 

45-50 DSPTAB+O
DSPTAB+ 11 

Computer Clock 

51 T now 

Snapshot Group #~ 

52-54 

55-57 

58 

Snapshot 

59,60a 

60b 

R -other 

v -other 

Tetlm 

Group ti..5. 

CD!:! 

CDUT 

Meaning 

Words 32-44 are sampled as the telemetry 
interrupt for them is received. 

See Orbital an:l. Rendezvous Navigation. 

See General Program Control. 

First row of LREFSMMAT) . 

Second row ofLREFSMMAT]. 

Program control flag words. 

Words 45-50 are sampled as the telemetry 
interrupt for them is received. 

11 Display table 11 information. See Data 
Input/Output. 

Word 51 is sampled when the telemetry 
interrupt for it is received. 

Present value of computer clock (TIME2,TIME1). 

Words 52-58 are all sampled at the same 
telemetry interrupt time, with words 53-58 
stored in DNTMBUFF for subsequent transmission. 

See Orbital Integration. 

See Orbital Integration. 

See Orbital Integration. 

Words 59-63 are all sampled at the same 
telemetry interrupt time, with words 60-63 
stored in DNTMBUFF for subsequent transmission. 

IMU CDU angles. 

See Optics Computations. 
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Word# Quantity 

61-63 ADOT_ 

Erasable Group #J 

65b 

66,67a 

67b 

68 

69a 

69b 

70a 

70b,71 

72a 

72b,73 

74 

75 

76 

77a 

77b 

78 

79a 

79b 

80a 

80b 

AK 

RCS FLAGS 

THETADX 

DELCDUX 
sp 

RSBBQdp 

Channel 76 

Channel 77 

C31FLWRD 

FAILREG 

CDUS 

PIPS, 

ELEV 

SVEC+2 

Tet 

FI.GWRDlO 

FI.GWRDll 

T evt 

PCMD 

YCMD 

OPTMODES 

HOLDFLAG 

Meaning 

See Digital Autopilot RCS Routines. Same 
cells are used for OMEnA~ (see Digital 
Autopilot TVC Routines). 

Words 64-90 are sampled as the telemetry 
interrupt for them is received. 

See Digital Autopilot Interface Routines. 

See Digital Autopilot Interface Routines. 

See Digital Autopilot RCS Routines. 

See Attitude Maneuvers. 

See General Program Control. 

Not meaningful. 

Hardware restart information. 

See Digital Autopilot RCS Routines. 

FAILRED+O to FAILREG+2 (see General Program 
Control) . 

See Optics Computations. 

See IMU Computations. 

See Rendezvous Computations. 

See Measurement Incorporation. 

See Orbital Integration. 

Program control flag word. 

Program control flag word . 

Event (e .g. liftoff or engine on/off) time . 

See Digital Autopilot TVC Routines. 

See Digital Autopilot TVC Routines. 

See Optics Computations. 

See Digital Autopilot Interface Routines. 
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Word # Quantity Meaning 

8la LEMMA SS See Digital Autopilot Interface Routines. 

8lb CSMMASS See Digital Autopilot Interface Routines. 

82a DAPDATRl See Digital Autopilot Interface Routines. 

82b DAPDATR2 See Digital Autopilot Interface Routines. 

83,84a ERROR See Digital Autopilot RCS Routines. 

84b THETADX See Digital Autopilot RCS Routines. 

85-87 WBODX See Digital Autopilot RCS Routines. Same 
cells used for OMEGAQ (see Digital Autopilot 
TVC Routines). 

88a REDOCTR See General Program Control. 

88b,89 THETAQ Desired CDU angles (e .g. N22). 

90a IMODES30 See IMU Computations. 

90b IMODES33 See IMU Computations. 

Channel Quantities 

Words 91- 94 are sampled as the telemetry 
interrupt for them is received. ( 

9la Channel 11 Outputs. 

9lb Channel 12 Outputs. 

92a Channel 13 Outputs. 

92b Channel 14 Outputs. 

93a Channel 30 Inputs. 

93b Channel 31 Inputs. 

94a Channel 32 Inputs. 

94b Channel 33 Inputs. 

Erasable Group #4 

Words 95-100 are sampled as the telemetry 
interrupt for them is received. 

95- 97 v t' See Burn Control. - g ig 

98-100 DELVLVQ See Burn Control. 
l 
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Special Erasable Memory Dump List 

Input of a V74E causes DNTIGOTO to be switched so as to start 
at the next telemetry interrupt the transmission of a "dump" of the 
erasable memory (all cells are sent sequentially for two times, i.e. 
two complete passes through the erasable memory) . The erasable memory 
hardware is divided into eight "banks' ' of 256 cells each, and a 
similar division is made for downlinking of information: the first two 
words are used for control data, and the next 128 contain the 256 
words in the particular bank set identified by the first two words. 
The format of the information is: 

Word # Quantity Meaning 

List Identification 

la 017778 Identification of list. 

lb 773408 Special synchronization bits . 

2a DUMPLOC See Telemetry (page TELE- ?). 

2b TIMEl Least significant half of computer clock. 

Erasable Memory Bank 

3-130 Cells in bank (addresses sent in consecutive increasing order) . 
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Testing Routines 

SELFCHK Address set as initial condition for SELFRET in 11 STARTSB2 11 

Perform 11 SMODECHK 11 (will not return unless self- check is desired) 

Proceed to 11 ERASCHK 11 

SMODECHK 

SKEEPl = Return address 

Perform 11 CHECKNJ 11 (returns immediately if no new job waiting, 
and otherwise returns after doing job(s)) 

If SMODE = +O : 

Proceed to second line of 11 SMODECHK 11 

If t SMODEI ~ g: 

SCOUNT = SCOUNT + 1 

If SMODE = - 0, proceed to address specified by SKEEPl 

If ISMODE\ = 1 , 2, 3 , 6, 7, or g: (lOg = decimal g) 

Proceed to address specified by SKEEPl 

If jSMODEj = 4, proceed to 11 ERASCHK 11 

If I SMODEI = 5, proceed to 11ROPECHK 11 

SMODE = 0 (magnitude exceeded g) 

Proceed to 11 SELFCHK 11 

PRERRORS 

If ERESTORE = O, proceed to 11 ERRORS 11 

ESKEEP? = SKEEP5dp 

ERESTORE = 0 

Proceed to 11ERRORS 11 

ERRORS 

Inhibit interrupts (released upon return from alarm routine) 

SF AIL = Return address (to routine calling 11 PRERRORS 11 or 11 ERRORS 11 ) 

TEST- 1 



ALMCADR = SFAIL 

ERCOUNT = ER.COUNT + 1 

Perform 11 ALARM2 11 ( pattern 1102
8

) 

If SMODE = -0: 

Proceed to address specified by SFAIL 

If SMODE .> 0 : 

SMODE = +O 

Proceed to 11 SELFCHK11 

ERASCHK 

SKEEP2 = 1 ( flag to check cells 00618 - 13738 ) 

EBANK = 0 

SKEEP? = 14618 

SKEEP3 = 1777 8 

( first cell in bank 0 to be checked, since cells 
0 - 608 are 11 special 11 erasable cells ) 

( last cell ) 

Proceed to 11ERASLOOP 11 

ERAS LOOP 

Inhibit interrupts 

SKEEP4 = EBANK (non-zero EBANK loads bits 11-9 ) 

SKEEP5dp = EsKEEP? dp ( address also determined by EBANK ) 

ERESTORE = SKEEP? 

ESKEEP? = SKEEP? ( loads with own S-register address ) 

ESKEEP?+ l = SKEEP? + 1 

If ESKEEP? - ESKEEP?+ l f -1, perform 11PRERRORs11 

If ERESTORE f 0: 

EsKEEP? :::: - EsKEEP? 
dp dp 

If ESKEEP?+l - ESKEEP? f -1, perform 11 PRERRORS 11 

If ERESTORE f 0: 

ESKEEt:r1 = SKEEP5d 
J. ldp p 

ERESTORE = 0 
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Release interrupts 

Perform 11 CHECKNJ 11 

EBANK = bits 11-9 of SKEEP4 

SKEEP7 = SKEEP7 + 1 

If SKEEP3 - SKEEP7 f 0: 

Proceed to 11 ERASLOOP 11 

If SKEEP2 ) 0: 

SKEEP2 = SKEEP2 - 1 (sets 0) 

SKEEP7 = 00618 (unswitched erasable form of bank 0) 

SKEEP3 = 13738 (SKEEP4 - SKEEP7 not checked, cells 1374 - 7) 

Proceed to 11 ERASLOOP 11 

SKEEP2 = 1 

EBANK = EBANK + 1, modulo 8 (7 + 1 = 0) 

If EBANK = 2: 

SKEEP7 = 14008 

SKEEP3 = 17738 (cells 1374-7 not checked) 

Proceed to 11 ERASLOOP 11 

If EBANK f 0 : 

SKEEP7 = 14008 

SKEEP3 = 1777 8 

Proceed to 11ERASLOOP 11 

EBANK = 3 

Read out ce lls from 00608 to 00108 to check on their parity (addre sses 
00078 - 00003 have no parity bits), by a CS (Clear Subtract) order 

Check cycle and shifting registers; if difficulty, perform 11 PRERRORS 11 

SCOUNT+ 1 = SCOUNT+ 1 + 1 

Perform 11 SMODECHK 11 

Proceed to 11 ROPECHK11 (if return from 11 SMODECHK 11 ) 
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ROPECHK 

SKEEP6 = -0 (indicates 11 ROPECHK 11 option) 

SKEEP4 = 0 (bank number) 

SKEEP7 = 1 ( counter for reading fixed-fixed banks) 

SKEEPl = 0 (sum) 

(address read) SKEEP3 = 0 

SKEEP5 = 1 (counts two TC self words for end of bank data) 

Proceed to 11 COMADRS 11 

SHOWSUM+-2 Entered from 11 GOSHOSUM11 for V91E 

SKEEP6 = 1 (indicates 11 SHOWSUM1 1 option) 

SMODE = +O 

SELFRET = 11 SELFCHK 11 

Proceed to second line of 11 ROPECHK 11 

COMADRS 

SKEEP2 = ESKEEP3,SKEEP4 ( address determined by 20008 + SKEEP3 
for S-register; bits 15-11 of SKEEP4 
for FBANK; bits 7-5 of SKEEP4 for FEXT) 

SKEEPl = SKEEPl + SKEEP2 

If \SKEEPJJ ~ 16384: 

SKEEPl = SKEEPl - 16383 sgn SKEEPl 

TS ( 20008 + SKEEP3 ) - SKEEP2 

Proceed to 11 ADRSCHK 11 

ADRSCHK 

(zero if cell contains TC self 
order, since TC is op code 11 011) 

If bits 10-1 of SKEEP3 = 17778 , proceed to 11SOPTION 11 (just read 
last bank cell) 

If SKEEP5 < 0, proceed to 11SOPTION 11 (just read cell following 
two TC self orders) 

If TS f O, SKEEP5 = 1 

If TS = O, SKEEP5 = SKEEP5 - 1 (goes +l, +o, -1 ) 
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If SKEEP6 = - 0: 

Perform 11 CHECKNJ 11 

If SKEEP6 ..). 0 : 

Check NEWJOB cell for job of higher priority than pr esent 
job (which has priority 308 from 11 K.EYCOM11

) , and do 
that job if it exists , proceeding when present job 
again of highest priority. 

SKEEP3 = SKEEP3 + 1 

If SKEEP7 -3- +o, proceed to 11 COMADRS 11 

Proceed to 11 FXADRS 11 

FXADRS 

SKEEP2 = ESKEEP3 
(S- register contents determined by SKEEP3 only 
for fixed - fixed memory cell) 

SKEEPl = SKEEPl + SKEEP2 

I f I SKEEPJ.l~ 16384 : 

SKEEPl = SKEEPl - 16383 sgn SKEEPl 

TS = SKEEP3 - SKEEP2 . 

Proceed to 11ADRSCHK 11 

SO PT ION 

TS = bits 15- 11 of SKEEP4, cycled left 5 places (puts FBANK 
· information in bits 5- 1) 

If bits 8- 1 of SKEEP4 l ·O: (reading super-bank cells, i . e. ~ 308 ) 

TS = bits 3- 1 of TS+ (bits 8- 2 of SKEEP4 shifted right 1 place ) 

If SKEEP6 ~ 0: 

SKEEPJ = SKEEP2 

SKEEP2 = TS 

MPAC+2 = 11SKEEP1'1 
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(If SKEEP6 > 0): 

TS = 0501vn 

Proceed to 11 GOXDSPF 11 : if terminate, proceed 

SKEEPl = 11SELFCHK 11 

Proceed to 11ENDEXT 11 

SKEEPl = ISKEEPll 

if proceed, proceed to 11 NXTBNK 11 

otherwise, proceed to second previous 
line (reload MPAC+2) 

If SKEEPl - TS - 1 =f -1, perform 11 PRERRORS 11 

Proceed to 11 NXTBNK 11 

NXTBNK 

If SKEEP4 = Kstbnk: 

If SKEEP6 .> O, proceed to second line of 11 ROPECHK 11 

Proceed to 11SELFCHK 11 

Increment bits 14-11 of SKEEP4 by 1 (FBANK scaling ) 

If SKEEP4 overflows (i. e. previous value of these bits 178): 

SKEEP4 = 208 (in bits 15-11) 

If SKEEP4 bits 15-11 = 0 (i .e. previous value 378 ): 

SKEEP4 = SKEEP4 + 600208 ( sets FBANK to 308 in bits 
15-11, and increments FEXT in bits 7-5) 

If SKEEP4 = 600008 : 

SKEEP4 = 600608 

If SKEEP7 ) 0: 

(bits 15-11 = J08 ) 

(sets FEXT bits, 7-5, to 3) 

SKEEP7 = SKEEP7 - 1, limited ~ +O 

Proceed to fourth line of "ROPECHK" 

If SKEEP7 = +O: 

TS = 1 

Proceed to "FXFX" 
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If SKEEP7 = - 1: 

TS = +O 

Proceed to 11 FXFX 11 

If SKEEP'? = - 0: 

SKEEP7 = 64 (larger than number of remaining banks) 

Proceed to fourth line of "ROPECHK 11 

SKEEP7 - TS 

If TS f 0: 

SKEEP3 

If TS = 0: 

SKEEP3 

SKEE Pl = 0 

SKEEP5 = 1 

040003 

060008 

Proceed t o 11 FXADRS 11 

(first ce ll in 11 bank 2") 

(first ce 11 in 11 bank 3 11 ) 

IMU Performance Testing 

The computations associated with the IMU performance testing 

(PO?) have been partially removed from fixed memory . For continuity 

purposes, the following information on the computations formerly 

done at the start of PO? (based on the H2 flight program) is 

provided. 

1. Program display set to 07. 

2. DRIFTT set O. sp 

3. GEOCOMPl set 0 (logic checking for this cell 0 not shown). 

4. LENGTHOT set to 89S seconds. 

5. lSECXTl and ldPIPADT set to one second interval. 

6 . WANGI set to - cos Catd; WANGO set to sin Catd " 

? . IMU coarse aligned to o0 • 

S . Computations progressed to 11GEOIMUTT'' • 
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GEOIMUTT 

Perform "IMUZERO" 

Perform "IMUSTALL": if error return, proceed to "SOMERR211 

otherwise, proceed 

NDXCTR = 0 

WANGT = 0 

~c (1, O, 0) 

Xdc 
~c 

(0, sin C th' cos C th) azm azm 

(0, - cos C th' sin C th) azm azm 

Perform "CALCGA 11 (here if MODREG f 3, since should be 7) 

Perform 11 IMUCOARS 11 

If bit 14(GLOKFAIL) of FLAGWRDJ 1: 

NDXCTR = NDXCTR + 1 

Set bit 14(GLOKFAIL) of FLAGWRD3 = 0 

Perform 11 IMUSTALL1 1
: if error return, proceed to "SOMERR211 

otherwise , proceed 

If NDXCTR > 0: 

Proceed to 11 PIPACHK 11 

Perform 11 IMUFINE11 

Per form 11 IMUSTALL1 1
: if error return, proceed to 11 SOMERR2 11 

otherwise, proceed 

Call 11 GOESTIMSd1 in PERFDLAYdp centi- seconds 

Put present job to sleep (starting address id = 11 ESTIMSd 11
) 

GOESTIMSd 

Awaken job with star ting address id = 11ESTIMSd 11 

End of task (since WANGT = O, 11 0NCEMORE11 will go to 11 TORQUE 11 ) 
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Inhibit interrupts 

GTSWTLTl = TIMEl 

PIPA = 0 

Release interrupts 

Zero erasable memory cells 5,1453 - 5,1570: includes least 
significant half of DRIFTT, KGAINAZ, KGAINVRD, KGAINNSD, 
ANGX, ANGY, ANGZ, INTY, INTZ, DRIFTO, DRIFTI, VI.A.UN , 
VLAUN , ACCWD , ACCWD , POSNV , POSNV , and ALTIM. y z y z y z 

GCO:MPSW = 0 

ALXlS = 11+4 

CMPXl = -1 

KGAINPIP = K yO soup 

KGAINERC = K 2 soupy 

GCOMP = 0 

DELV = 0 

Proceed to 11 SLEEPIEd 11 

If WANGT > 0: 

Perform 11 EARTHR1~11 

Perform 11 CHKCOMED 11 

Inhibit interrupts 

TS = GTSWTLTl - TIMEl 

If TS) 0: 

TS = TS - 163.83 seconds (should be 163.84) 

TS = TS + lSECXTl 

If TS~ 0: 

TS = 0.04 seconds 

Call 11ALLOOPd 11 in TS seconds 
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Release interrupts 

End of job 

ALLOOPd 

GTSWTLTl = TIMEl 

TS = ALTIM 

Set restart grp. 5 to cause restart at next line 

If TS = +O: 

ALTIMS = +O 

ALTIM = - 0 

If TS = - 0: 

ALTIM = +O 

If TS < 0: (should not be positive non- zero) 

ALTIM = - ( IALTIMJ - 1) (if was -1, result is -0) 

Set DELV = PIPA and PIPA = +O (no special restart provisions) -sp - -

Set restart group 5 to cause restart at next line 

Establi sh 11ALFLT 11 
d 

(priority 228) 

End of task 

T2 = DELV fa J [ sm 

DPIPAY = - TS 
y 

DPIPAZ = TS 
z 

If ALTIMS ,P 0 : 

TS = 144 - ALXlS 

ALTIM = ALFDKTS 

ALTIMS = ALFDKTs+l 

BUFTCPIP = ALFDKTS+2 

BUFTCERC = ALFDKTS+4 

(for T seconds, set to - (T - 2)) 

(e. g . set to -1) 

(11a
1

11) 

(Ila 11) 
2 
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(If ALTIMS ~ 0) : 

BUFSLPAZ = ALFDKTS+b 

BUFSLPVRD = ALFDKTS+8 

BUFSLPNSD = ALFDKTS+lO 

ALXlS = ALXlS - 12 

INTY = INTY - Kpipas c DPIPAY 

DEl.M = K VLAUN - INTY y vesc y 

INTZ = INTZ - Kpipasc DPIPAZ 

DEl.Mz = Kvesc VLAUNz - INTZ 

KGAINPIP = BUFTCPIP KGAINPIP 

KGAINERC = BUFTCERC KGAINERC 

INTY = INTY + KGAINPIP DEl.M 
y 

KGAINAZ = KGAINAZ + BUFSLPAZ 

ANGX = ANGX + 4 KGAINAZ DE™y 

VLAUNY = VLAUNY + KaskO DELMY 

ANGZ = ANGZ + KGAINERC DELM_y 

KGAINVRD = KGAINVRD + BUFSLPVRD 

DRIFTO = DRIFTO + 4 KGAINVRD DELM 
y 

ACCWDY = ACCWDY + Kask2 DEIJ.)

INTZ = INTZ + KGAINPIP DEIMz 

KGAINNSD = KGAINNSD + BUFSLPNSD 

DRIFTI = DRIFTI + 4 KGAINNSD DEl.M . z 

VLAUNz = VLAUNz + KaskO DEl.Mz 

ANGY = ANGY + KGAINERC DEl.M z 

ACCWDz = ACCWDz + Kask2 DEl.Mz 

("a II) 
3 

(" a II) 
4 

(" a II) 
5 

(i.e. "po " , south PIPA) s 

(" AM1") 

("poe" ' east PIPA) 

(" o,.M2") 

("K1") 

("K2") 

("po ") s 

("K II) 
3 

("alpha") 

("v II) 
ls 

("gannna") 

("K4") 

("d II) 
x 

(" a II) . s 

("po II) 
e 

("K5") 

("d II) 
y 

("V II) 
le 

("beta") 

("a II) 
e 

(tag "AIKLP") 

(tag "AlKLP") 

(tag 11ALKLP11
) 

(tag "AlKLP") 

T§. = [TRANSMjJ ( POSNVY, VLAUNY' ACCWDY ) 

( POSNVY, VLAUNY, ACCWDY ) = T§. 

(for indexing, a 
dummy 11K6

11 , value O, 
is generated) 

(tag "LOOSE") 

TS = [TRANSM.ij ( POSNVz, VLAUNz, ACCWDz ) 
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(POSNVz, VLAUNz, ACCWDz ) = T~ 

SNANGi =sin Kgeorgj ANGi (i = X,Y,Z) 

CSANGi =cos Kgeorgj ANGi (i = X,Y,Z ) 

Proceed to erasable memory cell 34008 (E?,1400) 

NOTE: Following coding was in earlier programs (Sundisk) 
and is supplied for continuity purposes only. 
Fixed memory information is at "ONCEMORE" and onward. 

INTY = INTY + SNANGZ 

INTZ = INTZ + SNANGY CSANGZ 

("po II) 
s 

("pO II) 
e 

WPLATO = DRIFTO - WANGO (CSANGY CSANGZ ) - WANGI (SNANGX SNANGY + 
CSANGX CSANGY SNANGZ ) 

WPLATI = WANGT WANGI + WANGO SNANGZ + DRIFTI - WANGI CSANGX CSANGZ 

WPLATT = DRIFTT - WANGO SNANGY CSANGZ + WANGI (SNANGX CSANGY -

CSANGX SNANGY SNANGZ ) 

TS = (WPLATO CSANGY + WPLATT SNANGY)/ CSANGZ 

ANGX = ANGX + Kgeorgk TS 

ANGY = ANGY+ K k (WPLATI + TS SNANGZ ) georg 

WPLATi (i = O,I,T ) 
are x,y,z components 
of W -sm 

ANGZ = ANGZ + Kgeorgk (WPLATT CSANGY - WPLATO SNANGY ) 

If overflow has taken place since start of job: 

Proceed to "SOMEERRR' 1 

NOTE: This ends coding taken from earlier programs (Sundisk); 
presumably the erasable coding now transfers to "ONCEMORE" 

ONCEMORE 

If LENGTHOT .> 0: 

LENGTHOT = LENGTHOT - 1 

Proceed to "SLEEPIEd 11 

If WANGT > 0: 

LOSVC2 = CDU 
x 

OGQ = [xs~ (- Kgeorgj) (ANGX, ANGY, ANGZ) 

TS = "OGC" 
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Perform 11 IMUPULSE 11 

Perform 11 IMUSTALL11 : if error return, proceed to 11 SOMERR2 11 

otherwise, proceed 

If WANGT > 0: 

Proceed to 11VALMIS 11 

ERVECTOR = Komegms (sin Catd' - cos Catd' 0) 

T = T mark now 

ERCOMP = 0 

Proceed to "TORQUE" 

SOMEERRR 

Perform "ALARM" (pattern 16008) 

Proceed to second line of 11 SOMERR2 11 

TORQUE 

DSPTEM2 = 0 (forces Rl of N9S = 0) 

DSPTEM2+1 = DRIFTI sp 

TS = POSITON - 1 

SOUTHDRTS = DRIFTisp 

Perform 11 SHOW11 

Proceed to 11 PIPACHK 11 

PIPACHK 

Proceed to erasable memory cell 20008 (E4,1400) 
VALMIS 

DSPTEM2+1 = DRIFTO sp 

DSPTEM2+0 = 0 (forces Rl of N98 = 0) 

Perform 11 SHOW11 

Proceed to second line of 11 SOMERR2 11 

TEST -13 



DSPTEM2+2 = POSITON 

TS 0698 vn 

Proceed to 11 GOFLASH 11
: if terminate, proceed to 2nd line of ''SOMERR2" 

if proceed, proceed 
otherwise, proceed to 11 SHOW11 

Return 
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Quantities in Computations 

See also list of major variables and list of routines 

ldPIPADT: See IMU Computations. 

lSECXTl: See Prelaunch Alignment (set to 1 second for gyro drift 
determination). 

ACCWD , ACCWD : Value of 11 horizontal acceleration of launch vehicle 11 

{due to ~way) in north- south ~nd east-west directions respectively, 
scale factor B9, units cm/ sec • 

ALFDK . : Table of erasable memory quantities used in 11 ALFLTd 11 to update 
~alues of parameters to be used for filtering in gyro drift 
computations. The table consists of five double precision constants, 
one single precision constant (the setting for ALTIM) , and a reset 
value of ALTIMS (which could be e.g. - 1 for all tables ) . Values 
must be initialized by an erasable memory load (with the first value 
at 11ALFDK 11 , octal cell 2022 ) , with settings for ALTIM, ALTIMS, 
BUFTCPIP, BUFTCERC, BUFSLPA~, BUFSLPVRD, and BUFSLPNSD stored in 
that order (first two single precision, remainder double precision) . 
Scale factor of first two assumed Bl4, and the remainder assumed 
BO, in this writeup. See below for 11 typical 11 values (obtained from 
Sundisk program, when information was in fixed memory) . 

ALMCADR : See Gene r al Program Control. 

ALTIM: Single precision value of time remaining prior to change in 
filter constants for drift .measurements, scale factor Bl4, units 
seconds . To cause a set of gains to be used for T seconds, ALTIM 
is set to - (T - 2) . 

ALTIMS: Single precision flag cell set to 0 when a gain change should be 
made (see ALTIM) , and then reset (e.g. to - 1 ) when the gain change 
has been done, scale factor Bl4. 

ALXlS: Single precision cell, scale factor Bl4, used to control selection 
of values from ALFDKi erasable memory table ( set to 144 in "ESTIMSd" ) . 

ANGX, ANGY, ANGZ: Values of determined angle changes about vertical, 
south, and east axes respectively, scale factor BO, units revolutions: 
they are 11 azimuth alignment angle " , "south axis leveling angle 11

, and 
"east axis leveling angle" respectively (alpha, beta, gamma in 
official equation documentation) . 

BUFSLPAZ, BUFSLPNSD, BUFSLPVRD: Set of buffer cells used to contain 
the values of the slopes of the gains for azimuth angle, north
south drift, and vertical drift respectively, scale factor BO, read 
from ALFDK table set. Cells are ALDK+4, ALDK+8, and ALDK+6 
respectively. 

BUFTCERC, BUFTCPIP: Set of buffer cells used to contain the values of 
the 11 time constants" for the erection angles ("east axis leveling 
angle" and PIPA out puts, scale factor BO, as read from ALFDK table 
set . Cells are ALDK+2 and ALDK . 
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Catd: See Prelaunch Alignment. 

C th: See Prelaunch Alignment. azm 

CMPXl: Single precision cell, scale factor Bl4, used to set proper 
contents of index register Xl to permit use of an index loop (Xl 
is set successively to± 1) to perform calculations in "ALFLTd": 
use of the cell is not shown in this writeup. 

CSANGi (i = X,Y,Z): Values of cosine of ANGX, ANGY, and ANGZ, scale 
factor Bl, stored in push-down list locations 16D, 18D, and 20D 
respectively. 

DELM , DELM : Value of measurement quantity in south and easterly 
Ydirecttons used in drift test, scale factor B-2, units radians. 

DPIPAY, DPIPAZ : See Prelaunch Alignment. 

DRIFTI: Value of gyro drift measurement output displayed in "TORQUE", 
scale factor (assumed) BO, units "radians", giving the "south gyro 
drift 11

, 

DRIFTO : Value of gyro drift measurement output displayed in "VALMIS", 
scale factor (assumed) BO, units "radians", giving the "vertical 
gyro drift 11 

• 

DRIFTT: Input "drift 11 to gyro drift determination routine (to separate 
"east gyro drift" from "azimuth error"), scale factor BO, units 
radians. It has only its most significant half loaded by calling 
routines, with the least significant half set O. 

EBANK: See Data Input/Output. 

ERCO:M!:: See Prelaunch Alignment . 

ERCOUNT: Single precision cell, scale factor Bl4, used to count the 
number of errors encountered in the self-check routine. The cell 
is initialized to 0 as part of a verb 36 fresh start, and may be 
read as the third component of noun 08. 

ERESTORE: Single precision cell, initialized to 0 as part of a fresh 
start, used for control purposes in functions associated with 
the erasable memory checking ( 11ERASLOOP 11 ) portion of the self
check program. It is set to the S-register portion of the lower 
of the two erasable. memory cells being checked (the same as SKEEP? ) 
before these cells are altered. If a restart is encountered, 
the 11GOPROG 11 routine checks that bits 15-11 of the word are 
zero (i .e. it is less than 20008, as required for erasable memory 
cells ), and that it is equal to SKEEP? (assuming, of course, the 
word in non-zero). Both conditions must be satisfied before SKEEP4 
(for EBANK ) and SKEEP? address information are used to restore 
the cells; if one is not, then a fresh start is performed. Since 
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the ERESTORE cell (address 13608) is subject to erasable memory 
cell checks , when it does not necessarily contain the same data 
as SKEEP7, a fresh start may be forced even though SKEEP4 and 
~~P7 (ne i ther of these cells are used for change purposes in 
the e r asable memory check routine, since upper limit is 13738) 
is sufficient to permit restoration of erasable memory contents. 

ER.VECTOR: See Prelaunch Alignment . 

FBANK: Hardware register cell (address 00048) used to contain the fixed 
memory bank number (if in range 308 - 378, FEXT is also used ) . See 
3420 . 5- 27 for details (only bits 15- 11 are used). 

FEXT: Computer hardware channel (channel 07, also referred to as 
SUPERBNK) used to select the appropriate fixed-memory bank for 
FBANK settings of 308 or more. Only bits 7- 5 are used, with a 
setting of 3 selecting banks 3i; a setting of 4 selecting 
banks 4i (bank 43 is the last one in the computer) . See 
3420 .5-27 for details . 

GCOM;E : See IMU Computations . 

GCOMPSW : See IMU Computations . 

GEOCOMPl : See Prelaunch Alignment. Set to +D to indicate gyro drift 
measurement, but this logic not shown in this writeup. Instead, 
the zero- value case is in this writeup and the non- zero case in 
Prelaunch Alignment. 

GTSWTLTl: See Prelaunch Alignment. 

INTY, INTZ : Value of filtered accelerometer output (corrected for vehicle 
sway etc.) used in gyro drift test, scale factor B-2, units radians. 
Could also be considered to be "south11 and 11 east 11 velocity increments 
expressed in units of g's (see K . ) . pipasc 

K kO : Constant, program notation 11ALSK 11
, scale factor Bl2, value 

as 0.17329931 . Value corresponds to 0.72402338 x 980.402 x 2-12, 
where first term is 11 wind- induced sway velocity gain11 (official 
equation documentation notation 11K;{), second converts DELM to 
units of cm/ sec (i.e. units of VLAl'.JN, cf. K . ) , and third 
term is scale factor. pipasc 

K k2: Constant, program notation 11 ALSK +211
, scale factor Bl2, value 

as - 0.00835370 . Value corresponds to 0.03490074 x (-1) x 980.402 
x 2- 12, where first term is 11wind- induced sway accelerometer gain11 

(official equation documentation notation 11K8
11

) , second is an 
equation factor, third converts to units of cm/ sec2 (cf. K . ), . pipasc and fourth term is scale factor. 
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K .: Constant, program notation "GEORGEJ", scale factor B-2, value 
georgJ 0.63661977. Value corresponds to (l/2"lT) x 22, to convert 

between radians and revolutions (the interpretive language trig 
functions require angle measurements in revolutions). 

K k: Constant formerly incorporated in fixed memory for use in IMU 
georg calibration computations. Value was 0.59737013

1 
scale factor 

B-13. This corresponded to about 7.292115SE- 5 x 2 3, where first 
term is earth rate in rad/sec (period of about S6164.0912 seconds). 

K : See Prelaunch Alignment. omegms 
K . : Constant, program notation "PIPASC", scale factor B-7,

7
value 

pipasco.76376S33. Value corresponds to 5.S5 x (l/9S0.402) x 2 , 
where first term is nominal accelerometer scale factor (cm/sec per 
count), second is normalization factor (acceleration due to gravity), 
and third is scale factor. For convenience in description, a fourth 
factor of "l/second 11 has been assumed reflected in this constant, 
giving for units of result (in INTY etc.) 11 radians 11

• 

K y0= Constant, program notation 11 SOUPLY 11
, scale factor BO, used in 

soup 11ESTIMSd 11 to initialize KGAINPIP. Value is 0. 93505S70. 

K 
2

: Constant, program notation 11 SOUPLY +2 11
, scale factor B2, 

soupy used in 11 ESTIMSd 11 to initialize KGAINERC. Value is 
0.26266423, corresponding to a 11 true value 11 of about 1.05065692. 

K tbnk: Single precision constant, program notation 11 LSTBNKCH 11
, octal 

s value 66100 , corresponding to an FBANK value (bits 15-11) of 
33Ft and an F~T value (bits 7-5) of 4, i.e. a final 11 bank11 readout 
of-Oank 43g, the final computer hardware fixed memory bank. 

K : Constant, program notation 11 VELSC 11
, scale factor B-9, va9ue 

vesc -0.52223476. Value corresponds to (-1) x (l/9S0.402) x 2 , where 
first term is an equation factor, second converts for acceleration 
due to gravity (cf . K . ), and third is scale factor. pipasc 

KGAINAZ, KGAINERC, KGAINNSD, KGAINPIP, KGAINVRD: Values of gains up:iated 
each cycle in gyro drift determination computations. KGAINERC and 
KGAINPIP are initialized to non-zero values in 11ESTIMSd 11 and 
multiplied by 11 time constants 11 for 11 erection angles 11 afi.d 11 PIPA 
outputs 11 respectively, with scale factors due to initialization 
of B2 (KGAINERC) and BO. The others (KGAINAZ , KGAINNSD, and 
KGAINVRD) are initialized to 0 values in 11 ESTIMS 11

, and are 
incremented each cycle to achieve varying gains ~or 11 azimuth 
angle 11

, 
11north-south drift 11

, and 11 vertical drift 11 respectively: 
all are considered to have scale factor BO (see ALFDK). Program 
notation for the quantities is AlK.+4, AlK.+2, ALK+S, ALK+O, and 
AlK.+6 respectively. 

LENGTHOT: Single precision cell, scale factor Bl4, used to contain time 
duration information. Initialization must be done as part of erasable 
memory pre - load (in Prelaunch Alignment is initialized by coding). 

LOSVC2: Single precision cell, program notation 11 LOSVEC +l11, scale factor 
B-1, units revolutions, loaded with CDU in 11 0NCEMORE 11

• x 
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NDXCTR: Single precision cell, scale factor Bl4, initialized to 0 in 
"GEOIMUTT" and incremented to 1 for a "g:imbal lock" return from 
"CALCGA '' (angle of 60° or more ) . 

NEWJOB: See General Program Control. 

OGQ: See Coordinate Transformations (used also as communication cell) . 

PERFDLAY: See Prelaunch Alignment (for gyro drift test, must be set 
manually to some value ) . 

PIPA : See IMU Computations . 

POSITON: Single precision cell, scale factor Bl4, used for indexing and 
display purposes (used in previous programs to select desired stable 
member orientation from fixed memory information) . Must be loaded 
manually ( inputs in "SHOW" do not change it). 

POSNV , POSNV : Values of "horizontal displacement of launch vehicle " 
y z 
in south and east directions respectively, assumed scale factor 
B9, units cm (" assumed" since scaling of [TRANSMjj elements not 
known, but treated as Bl) . 

SCOUNT, SCOUNT+l: Pair of single precision counters, scale factor Bl4, 
used to count the number of executions of portions of the self
check program. SCOUNT is incremented each time "SMODECHK" is 
entered with SMODE f +O and with magnitude below 9; SCOUNT+l is 
incremented each time "ERASLOOP" is completed (at the end of the 
test) . Both quantities are modulo 214, and would have to be 
initialized manually since they are not preset as part of a 
fresh start (V36E), if a "true count" were desired . A value of 
SCOUNT = 3 (if set 0 before SMODE made e.g. 1) means that the 
self- test erasable and fixed memory checks have been completed. 
Addresses are 13668 and 13678 respectively. 

SELFRET: See General Program Control. 

SFAIL: Single precision cell used in "E:RRORS" routine to retain return 
address information (and hence data on the cause of the self-check 
difficulty). Contains the same information as AlMCADR if no 
subsequent alarms (from sources other than self- check) are 
generated; it is not preset 0 by program unless error reset input. 

SKEEPl: Self-check register #1, used to ret ain return address information 
from "SMODECHK" and the value of the bank sum while being formed . 
If the "SHOWSUM" option (V91E) is used, it contains the value of 
the sum as displayed in Rl ( can be either+ or -, and if+ should 
be equal to the bank number; if minus should be the complement of 
the bank number). If self-check memory verification is done, is 
replaced by the magnitude of the sum before checking against the 
bank number. 
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SKEEP2: Self-check register #2, used in erasable memory check routine 
as a flag (if non- zero) to cause unswitched erasable to be checked 
(cells 006lg - 1372g, plus 1373A partially) after completion of 
checks for each erasable bank (these cells are in banks 0- 2, which 
should be read for any value of EBANK) . Cell is used in fixed 
memory check routine to contain the contents of the fixed memory 
cell just read; in the "SHOWSUM" option, it contains the fixed 
memory bank number ( 00 - 43 ) displayed in R2, which should be the 
same as the magnitude of SK~Pl (value of SKEEPl is displayed in Rl ) . 

SKEEP3: Self- check register #3, used in erasable memory check routine 
to contain the value of the last address to be checked (i.e. one 
more than the final value of SKEEP7 actually used ) . The routine 
checks cells in pairs in ascending order ( starting with the cell 
initialized in SKEEP7 ) , and SKEEP3 specifies the final cell 
forming the upper half of a pair (SKEEP7 +l) . Cell is used in 
fixed memory check to contain for fixed- fixed memory the S
register information (4000g - 7777g) , and for fixed- switchable 
memory the S- register information decreased by 2000g• For the 
"SHOWSUM11 option, cell is loaded with the final value of SKEEP2, 
which gives the final word read from memory (the "bugger word" , 
designed to make the sum of all words in the memory, including 
itself, equal in magnitude to the bank number) for the bank, and 
is displayed in R3 . 

SKEEP4: Self- check register #4, used in erasable memory check routine 
to contain the erasable memory bank of the cells being checked 
( employed in "G0PROG 11 to reset EBANK, cf. ERESTORE). In fixed 
memory check routine, bit s 15- 11 are used to contain the 
appropriate setting for FBANK and bits 7- 5 the appropriate value 
for FEXT . 

SKEEP5: Self- check register #5, used with SKEEP6 in erasable memory 
check routine to retain the previous value of the cell being 
checked ( to permit restoration of the cell in 11 GOPROG 11 or at the 
end of the test segment checking the cell) . Used in fixed memory 
check routine to monitor for the presence of two TC self ( 11 transfer 
control to the present step") orders, indicating that the following 
cell should be the final one entering the sum (bank sum also halted 
after last cell in bank has been read ) . If step not a TC self, 
SKEEP5 set to +l; if it is, cell is decreased by 1, and after 
reaching - 1 the routine is halted for that bank after the next 
( "bugger '1 , see SKEEPJ ) word is incorporated into the sum. Since 
the operation code for the TC order is O, a 11 TC self" instruction 
(which, of course, would cause a hardware restart if encountered 
in the course of a program execution) appears as OAAAA.8, where 
AAAA is the S- register address of the cell in question, in range 
20003 - 7777 8. 
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SKEEP6: Self-check register #6, used with SKEEP5 in erasable memory 
check routine to retain the previous value of the upper half of 
the pair of cells being checked (cf. SKEEP5). In the fixed memory 
check routine, is set to -0 to indicate that the 11 ROPECHK 11 option is used 
( automatic check for proper memory sum, part of self-check sequence, 
with no display unless difficulty); and is set to +l to indicate 
that the 11 SHOWSUM 11 option is used (enabled by verb 91 from 
11 GOSHOSUM 11

, giving a DSKY display of each bank's sum, number, and 
"bugger word", with no automatic check for proper memory sum). 

SKEEP?: Self check register #7, used in erasable memory check routine 
to contain the S-register portion of the erasable memory address 
of the lower half of the pair of cells being checked (see 
discussion with ERESTORE above). In fixed memory check, is used 
as an identification of when the two fixed-fixed banks (bank 2 and 
bank 3, S-register addresses starting at 40008 and 60003 
respective]y) are to be read. 

SMODE: Single precision cell, scale factor Bl4, used to control the 
performance of the computer self-check routines, and examined 
whenever no active jobs are to be done (and , of course, no tasks). 
It is set to +O as part of a fresh start, and can be loaded using 
N27. A +O value causes the self-check routine to be bypassed; 
values of magnitude 9 or more cause SMODE to be reset to O; 
a value of 4 causes the erasable memory check to be done; a value 
of 5 causes the fixed memory check to be done; and other values 
(-0, 1,2,J,6,7, or 8) cause the complete self-check to be done. 
If SMODE is positive, an error will cause it to be reset O, while 
if it is negative the self-check will be started again (except for 
a value of -0, which causes the self-check computations to be 
started at the point after the failure, as determined by SFAIL). 

SNANGi (i = X,Y,Z): Value of sine of ANGX, ANGY, and ANGZ, scale factor 
B-2, stored in push-down list locations lOD, 12D, and 14D respectively. 

SOUTHDR. : Indexed cell used in "TORQUE" to retain the value of DRIFTisp 
1 for subseque~t use by erasable memory program. 

Tmark: See Prelaunch Alignment. 
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[TRANSMll : Transformation matrix used as a '' sway transition matrix" , 
coniained in erasable memory (must be initialized to values as 
part of an erasable memory load before running test ) . Assumed 
scaling in this writeup for all elements is Bl (after being used 
to perform multiplication, a left shift of 1 is done ) . Values 
from a previous program (Sundisk, which used fixed memory cells ) 
were: 

G
o.47408845 
0.06360691 
0.06806784 

0.23125894 
-0.16806746 
-0.75079894 

These values are the "stored" ones, 
to find the "true 11 values: 

~
0.94817690 0.46251788 
0.12721382 -0.33613492 
0.13613568 -1.50159788 

0 .14561689J 
0.15582939 

-0.24878704 

and must be multiplied by two 

0. 29123378J 
0.31165878 

-0.49757408 

VLAUN , .VLAUNz: Value of "horizontal velocity of launch vehicle " (due 
lo sway) in north- (:louth and east-west directions respectively, 
scale factor B9, units cm/ sec . 

WANGI: Value of (- cos Catd ) , scale factor BO. 

WANGO : Value of (s i n Catd)' scale factor BO . 

WANGT : Quantit~ set to 0 if no tor quing i s per formed and to 1 (scale 
factor BO) if torquing is to be performed via "EARTHR~~" at the 
start of "SLEEPIEd" · Program notation also "TORQNDX, TORQNDX+l" . 
If i t is non- zer o, WANGI term is included in computati on of WPLATI . 

WPLA.TI, WPLATO, WPLATT: Quantities computed in "ALFLTd" ' scale factor 
BO, normalized by earth rotation rate (hence are converted to 
angles, for the one- second gyro drift evaluation cycle, by 
multiplication by K . ) • The 11111 is south, the "0" is 
vertical ("azimuth 11 ~;0~fi~ the "T" is east . 
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Values of ALFDK information from an earlier program (Sundisk) 

Index Time ALT IM BUFTCPIP BUFTCERC BUFSLPAZ BUFSLPVRD BUFSLPNSD 

0 1-30 -28 .91230833 .81193187 -.00035882 -.00000029 .00013262 

12 31-90 -58 .99122133 .98940595 -.00079010 -.00000265 .00043154 

24 91-100 -8 .99971021 .99852047 .00042697 -.00000213 .00011864 

36 101-200 -98 .99550063 .98992124 .00043452 -.00000401 -.00021980 

48 201-450 -248 . 99673264 . 99365467 .00003767 -.00002317 -.00003305 

60 451-790 -338 .99924362 .99888274 .00000064 -.00004012 -.00000195 
I 

72 791- 1200 
-408 .99963845 . 99913162 .00000090 .00002927 -.00000026 

84 1201- 1700 
-498 .99934865 .99868793 .00000055 .00001183 -.00000005 

96 1701-2100 
-398 .99947099 .99894799 .00000018 .00000300 -.00000001 

108 2101-2700 
-598 . 99957801 . 99916095 .00000007 .00000096 0 

120 2701-3400 
-698 .99966814 .99933952 .00000002 .00000028 0 

132 3401-4000 
-598 .99972716 .99945654 .00000001 .00000010 0 

The "index' 1 column gives the value of the ALFDK index required to 
obtain the ALTIM setting (see 11ALFLTd 11

). The columns are headed with the 
cells into which the ALFDK. information is loaded (ALTIMS, a single 
precision cell, could be 15aded with the same value, e.g. -1, for all 
entries to the table). 
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V?OUPDAT (verb 70) 

UPVERBSV = 0 

Uplink Processing 

Proceed to second line of "V73UPDAT" 

Y71UPDAT (verb 71) 

UPVERBSV = l 

Proceed to second line of 11v73UPDAT 11 

Y72UPDAT (verb 72) 

UPVERBSV = 2 

Proceed to second line of "V73UPDAT" 

Y73UPDAT (verb 73) 

UPVERBSV = 3 

Perform 11 TESTXACT 11 

If fMODREGf f O: 

If bit 9(UTFLAG) of FLAGWRD8 = 1 : 

If MODREG = 20: 

Proceed to "UPDATEOK 11 

If MODRED- f 2: 

Set bit ?(Operator error) of channel 11 = 1 

Set bit 3(Uplink activity) of channel 11 = 0 

Proceed to 11ENDEXT 11 

Proceed to "UPDATEOK" 

UPDATEOK 

UPOLDMOD = MODRED

UPVERB = UPVERBSV 

UPCOUNT = 1 

DNLSTCOD = 1 (Tag here 11UPPART2") 
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TS = 27 and perform 11NEWMODEK" 

If UPVERB = 0 or 3: 

COMPNUMB 2 

Proceed to 11 0HWELL2 11 

Proceed to 11 0HWELL1 11 

OHWELLl 

MPAC+2 = 11UPBUFF 11 

TS = 210lvn 

Proceed to 11 GOXDSPF 11 : if terminate, proceed to second line of 11 UPOU'l111 

if proceed, proceed to second line of 11 0HWELLl11 
otherwise, proceed 

If MPAC+O = 32, proceed to second line of 11 0HWELLl11 (recycle verb ) 

If UPBUFF - 2 ~ 0, proceed to second line of 11 0HWELLl11 

If UPBUFF - 21 ~ 0, proceed to second line of 11 0HWELLl1' 

COMPNUMB = UPBUFF+O 

UPCOUNT = UPCOUNT +l 

Proceed to 11 0HWELL2 11 

OHWELL2 

MPAC+2 = "UPBUFF 11 + UPCOUNT - 1 

TS = 2101 
vn 

Proceed to 11 GOXDSPF 11 : if terminate, proceed to second line of 11UPOUT 11 

if proceed, proceed to second line of 11 0HWELL211 

otherwise, proceed 

If MPAC+O = 32, proceed to second line of 11 0HWELL2 11 (recycle verb) 

If COMPNUMB - UPCOUNT ) 0: 

UPCOUNT = UPCOUNT + 1 

Proceed to 11 0HWEL1211 

Proceed to 11 UPVERIFY 11 
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UPVERIFY 

MPAC+2 = 11 UPTEMP 11 

TS = 2102 
vn 

Proceed to 11 GOXDSPF 11 : if terminate, proceed to second line of 11 UPOUT 11 

if proceed, proceed to 11 UPSTORE 11 

otherwise, proceed 

If MPAC+o = 32, proceed to second line of 11 UPVERIFY11 (recycle verb) 

If UPTEMP"' O, proceed to 11 UPVERIFY 11 

If COMPNUMB + 1 - UPTEMP ~ 0, proceed to 11 UPVERIFY 11 

MPAC+2 = 11 UPBUFF II + UPTEMP - 1 

Proceed to second line of 11 0HWELL2 11 

UPS TORE 

Complement bit J(VERIFLAG) of FLAGWRD7 

If UPVERB ~ 3: 

UPBUFF+8dp = UPBUFF+Odp 

Perform 11 Tll1EDIDL 11 : if error return, proceed 
otherwise, skip next line 

Set bit ?(Operator error) of channel 11 = 1 

Proceed to second line of 11 UPOUT 11 

Establish 11 UPJOB 1: (priority 308 ) 

End of job 

UPJOB 

Perform 11 INTSTALL 11 

Set bit lJ(INTGRAB) of FLGWRDlO = 1 

If UPVERB = 0: 

UPBUFF+8dp UPBUFF+Odp 
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(If UPVERB = 0): 

Perform 11 TIMEDIDL1': if error return, proceed 
otherwise, skip next 2 lines 

Set bit 7 (Operator error ) of channel 11 = 1 

Proceed to 11 UPOUT 11 

UPBUFF+lOdp - UPBUFF+Odp 

UPBUFF+ 12dp - UPBUFF+Odp 

Set TS = UPBUFF+lOdp and UPBUFF+lOdp = 0 

Tetcm = Tetcm + TS 

Set TS = UPBUFF+l2dp and UPBUFF+l2dp = 0 

Tetlm = Tetlm + TS 

Set TS = UPBUFF+Odp and UPBUFF+Odp = 0 

Teph = Teph + TS 

Proceed to 11 UPOUT 11 

If UPVERB = 1: 

EBANK = bits 11-9 of UPBUFF+l 

UPTEMP = bits 8-1 of UPBUFF+l 

TS = UPTEMP + COMPNUMB - 3 

If JTSI) 0: 

If bit 9 of TS = 1: (e .g~4008 , indicating next EBANK) 

Set bit 7 (Operator error ) of channel 11 = 1 

Proceed to 11 UPOUT 11 

TS = COMPNUMB - 3 

TS1 = 14008 + UPTEMP 

Perform the following for i = TS to i = 0: (interrupts 
inhibited ) 

ETS,+i = UPBUFF2+i 
..L 

i == i - 1 

Proceed to 11 UPOUT" 
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If UPVERB = 2: (as it will) 

If bit 1 of COMPNUMB. = 0: (i.e. not an odd number) 

Set bit 7 (Operator error ) of channel 11 = 1 

TIMEDIDL 

Proceed to 11 UPOUT 11 

TS = COMPNUMB - 2 

Perform the follow:ing for i = TS to i = 1: (interrupts 
inhibited) 

EBANK =bits 11-9 of UPBUFFi 

TSl = 1400s + bits 8-1 of UPBUFFi 

ETSl = UPBUFFl+i 

i = i - 2 

Proceed to 11 UPOUT 11 

Set UPBUFF+l8d = T and T = 0 p now now 

Set TS = UPBUFF+8dp and UPBUFF+8dp = 0 

TS = TS + UPBUFF+ 18d p 

If fTSj ~ 228: 

Set TS = UPBUFF+l8dp and UPBUFF+l8dp = 0 

T = T + TS now now 

Return to calling address +l (indicating an error ) 

Force sign agr eement of TS 

Tnow = Tnow + TS 

Return to calling address +2 (non-error return) 

Proceed to 11 INTWAKEU 11 (which exits to next line ) 

TS = UPOLDMOD and perform 11NEWMODEX 11 

TS = MODRID - 1 

If ITsl = 1: (i.e. UPOLDMOD was 0 or 2) 

DNLSTCOD = 0 
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If TS ) 1: (i.e. UPOLDMOD was 20) 

DNLSTCOD = 2 

Set bit J(Uplink activity) of channel 11 = O 

Proceed to "ENDEXT" 

INTWAKEU 

If UPSVFLAG -f 0 : 

RCV = R - - re ct 

vcv = v t - -rec 

TDELTAV = 0 

TNUY = O 

T = 0 c 

XKEP = 0 

If UPSVFLAG > 0: 

Perf or m "MOVEACSM" 

If bit l(AVEMIDSW) of FLAGWRD9 = 0 : 

R = RCV + TDELTAV 

V = VCV + TNUV 

Tpptm Tet 

If UPSVFLAG < 0: 

Perform "MOVEALEM" 

R -other 

v -other 

RCV + TDELTAV 

VCV + TNUV 

Set bit l(RENDWFLG) of FLAGWRDS = 0 

(Time tag Tetlm) 

(Tag here "INTWAKEX") 

Channel 77 = 0 (resets restart monitor flip - flops) 

UPSVFLAG = 0 

QPRET = Re tur n address (to line after next) 

Perform "INTWAKE" (starting at 3rd from last line, awaken jobs) 

Proceed to second line of "UPOUT" 
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Quantities in Computations 

See also list of major variables and list of routines 

COMPNllMB: Single precision cell, :'!Cale fact1or Bl4, containi ng the. t.ot..<lJ 
number of uplink data quantities to be sent. It is set to 2 for 
verbs 70 and 73; for verb 71 it is set to the first data quantity 
(and hence must be equal to the number of data words +l (for address 
of first word) +l (for its own setting)); for verb 72, it is likewise 
set to the first data quantity (since each data word is preceded 
by its address, it therefore must be 2 x data words +l) . For verbs 
71 and 72, values of COMPNUMB below 3 (the minimum for one data 
word) or above 20 are rejected: this gives for verb 71 a maximum 
of 18 single precision data words (or 9 double precision ones, 
sufficient e.g. for a 3 x 3 matrix), and for verb 72 a maximum of 
nine single precision data words. 

DNLSTCOD: See Telemetry. 

EBANK: See Data Input/Output. 

MPAC+O: Cell loaded in display routine with the verb that is received 
(also used for other functions). 

MPAC+2: Cell used for communication purposes with display routine, to 
provide the address into which a quantity (for e.g. noun 01 or 02) 
is to be loaded (also used for other functions). 

QPRET : See Orbital Integration •. 

R th , R t: See Orbital Integration. - o er -rec 

RCY: See Orbital Integration. 

T : See Orbital Integration. 
c 

T h: See Boost Computations. 
ep 

T T T · See Orbital Integration. et' etcm' etlm· 

TDELTAY, TNUY: See Orbital Integration . 

UPBUFF: Set of 20 cells (UPBUFF+O through UPBUFF+l9) used to contain the 
uplinked information as it is received. Also used for temporary 
storage of time information, after completion of the update sequence, 
for verbs 70 and 73. Cells are loaded during the entry phase of 
flight with guidance parameters for telemetry purposes. The 
address of UPBUFF+O is 003048 • The last 18 cells of the UPBUFF 
set al~o are.used for storage of [xs_~l: consequently, if it is desired 
to uplink this preferred IMU alignme~'t'for use in P52/P54, this must be 
the last uplink that is sent before P52/P54 uses the data. 
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UPCOUNT: Single precision quantity, scale factor Bl4, containing the 
serial number of the UPBUFF cell to be loaded next. If cell 
UPBUFF+n is to be loaded, UPCOUNT = (n +l). When UPCOUNT = 
COMPNUMB, it is concluded that the basic load has been completed, 
and the option for "line-by-line" corrections is enabled, during 
which UPCOUNT does not change. 

UPOLDMOD: Single precision cell, scale factor Bl4, used to contain the 
value of MODRED- when an update verb is received, and used to 
restore its proper value (- 0, O, 2, or 20) after the end of the 
update sequence. 

UPSVFLAG: Single precision cell, scale factor Bl4, assigned a cell in 
erasable memory just before the first component of R t' and 
set by the update loading process to cause proper p;E~gssing of 
a state vector update. The cell is checked in "INTWAKEU", and 
if non-zero it is concluded that a state vector update was done 
(if positive, a CSM state vector; if negative, an OWS state vector)~ 
and after processing the cell is reset 0 (which is also the initial 
condition set in "DOFSTART") . 

UPTEMP: Single precision cell used for temporary storage purposes. In 
the "line-by-line 11 correction mode, it contains the loaded value 
of the component serial number (defined as for UPCOUNT) into 
which the correction is to be loaded, scale factor Bl4. The 
address of UPTEMP is 003308 • 

UPVERB: Single precision quantity, scale factor Bl4, containing 
information on the update verb being performed: for verbs 70-73, 
it is set to 0-3 respectively. 

UPVERBSV: Single precision cell, scale factor Bl4, used to retain 
information on the update verb received while a determination is 
made if it is allowed: if it is, then UPVERBSV is loaded into 
UPVERB. 

V th , V t: See Orbital Integration. -o er -rec 

VCY: See Orbital Integration. 

XKEP: See Orbital Integration. 
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Uses of Update Verbs 

Verb 70 

Verb 70 could be considered a "liftoff time update 11
• Its 

transmission format is: 

V 70 E XXXXX E XX:XXX E (then V 33 E) 

where the 11X11 information is an octal double precision increment to be 
added to.T hand subtracted from the computer clock and the state 
vector t~~ for CSM and OWS, scale factor B28, units centi-seconds. 
If liftoff were sensed 5 seconds late, for example, then the transmission 
should be: 

V 70 E 77777 E 77013 E (V 33 E) ( - 770138 = 7648 = 500 cs) 

in order to correct the AGC time information to reflect the proper 
11 liftoff time 11 (note that V70 keeps the sum of T b and the computer 
clock constant by changing them in opposite dire~~ions). If only the 
computer clock (T ) is to be updated, then verb 73 could be used. now 

Verb 71 

Verb 71 is used to perform a "contiguous block update 11 • Its 
transmission format is: 

V 71 E ii E AAAA E XX:XXX E XX:XXX E • . • XXXXX E (V 33 E) 

where the 11 ii 11 information is the setting for COMPNUMB, and is two 
more than the number of data words (i.e. number of XX:XXX E 1s +2). 
The AAAA information is the erasable memory address into which the 
first XXX:XX data word is to be loaded (successive words are loaded 
into successive cells), and must be sufficiently compatible with the 
value of ii so as to avoid requiring erasable memory bank switching. 
AAAA is in ECADR format, meaning that bits 11-9 give the E-bank number 
and bits 8-1 the address within the bank (which, for hardware reasons, 
is added to 14008 within the program). Since there is no lockout 
(aside from bank switching constraints) on the value of AAAA, caution 
must be observed to avoid destroying computer control cells (the 
11 IDJDSAFE11 lockout present in e.g. Sundisk has been deleted). 

Verb 72 

Verb 72 is used to perform a "scatter update 11
• Its transmission 

format is: 

V 72 E ii E A1 A1 A1 A1 E XXXXX E A2 A2 A2 A2 E XXXXX E ••• (V33E) 

where the 11 ii11 information is again the setting for COMPNUMB, and is 
equal to two times the number of data words plus 1 (and hence must be 
odd, as well as at least 3 and below 21, i.e. maximum 19 here). The 
A1s are specified for each 15-bit word individually, with no constraints 
imposed by the software on addresses which may be changed. 

UPLK-9 



Verb 73 

Verb 73 is used to perform an ''octal clock increment" (verb 55 can 
be used to perform the same function for decimal input of hours, minutes, 
and centi- seconds ), and has the following transmission format: 

V 73 E XXXXX E XXXXX E (then V 33 E) 

where the "X" information is an octal double precision increment to be 
added to the computer clock (note that the V?O uplink time is subtracted 
from the computer clock), scale factor B28, units centi-seconds. 

Sample Up:iate Sequences 

1. To load the components of [REFSMMAiij (double precision elements, 
scale factor Bl), the following sequence could be used: 

V 71 E 24 E 1717 E 

:X:XXXX E :X:XXXX E 
XXXXX E :X:XXXX E 

etc. 
:X:XXXX E :X:XXXX E 

V 33 E 

( COMPNUMB = 20; "REFSMMA T" = 3 , 1717) 

(row 1 column 1) 
(row 1 column 2) 

(row 3 column 3) 

(accept) 

2. To load the components of [x J (preferred IMU orientation, 
see Inflight Alignment), the same sea~ce as in #1 could be used, except 
that the address instead of being 1717 should be 0306("Xsmd" = "UPBUFF" +2). 

3. To load a CSM state vector update, the following sequence could 
be used: 

V 71 E 21 E 1501 E 

00001 E 
XXXXX E :X:XXXX E 
Y-component 
Z-component 

:X:XXXX E XX:X:X:X. E 
Y-component 
Z-component 

:X:XXXX E :X.XXX:X. E 

V 33 E 

( COMPNUMB = 17; "UPSVFLAG" = 3, 1501) 

v re ct x 

Tet value 
(accept) 

4. To load an OWS state vector update, the same sequence as in #3 
could be used, except that the UPSVFLAG setting, rather than being 
00001, should be 77776. 
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5. To load an External Delta- V (P30) up:iate, the following 
sequence could be used: 

V 71 E 12 E 3404 E 

XXXXX E XXXXX E 
Y-component 
Z-component 

:X:XXXX E XXXXX E 

V 33 E 

(COMPNUMB = 10; ''DELVLVQ.'' = 7,1404) 

DELVLVC 
x 

T. 1g 
(accept) 

6. To load an External Delta-V (P30) up:iate for deorbit, the 
following sequence could be used: 

V 71 E 16 E 3400 E 

:X:XXXX E XXXXX E 
:X:XXXX E XXXXX E 

(continue on 
as in item #5) 

(COMPNUMB = 14; 11 LATSPL11 = 7,1400) 

LATSPL 
LNGSPL 

7. To perform an up:iate of merely the entry parameters, the 
sequence of #6 could be used, stopping after LNGSPL (hence first 
few quantities would be V 71 E 6 E 3400 E). 

8. To load new values for erasable memory constants (such as IMU 
compensation parameters), see the list of cells in Erasable Memory 
Prelaunch Load (which is arranged in sequence of increasing addresses). 
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Verb Definitions 

VERBFAN 

If (VERBREG - K t2 ) L 0 : s en 

Proceed to address specified by K bt~-- , 
v -v.liliBREG 

TS = VERBREG - K st2cn 

Perform 11RELDSP 11 

Proceed to address specified by Kst2fn.rs · 

ALM/END 

Set bit ?(Operator error) of channel 11 = 1 

Proceed to 11 PINBRNCH 11 

TESTXACT 

If EXTVBACT > 0: 

Proceed to 11ALM/END 11 

If bits 14(PRIOIDLE) , 12(PDSPFLAG), and 7(PROWTKEY) of FLAGWRD4 f 0: 

Proceed to 11ALM/END 11 (priority display using DSKY) 

EXTVBACT = 000248 (sets bits 5 and 3 to 1) 

TS = -2 and perform 11NVSUB 11
: if busy, proceed 

otherwise, pr9ceed 
(blank Rl-R.3 

and noun) 

Check for new job waiting to be · performed, and do it if required 

Return 

VBTSTLTS (verb 35) 

If MODREG f 0: 

Proceed to 11ALM/END 11 

Inhibit interrupts (released in 11 DELAYJOB 11 performance) 

Set bit l(LMPTSTBT) of IMODES33 = 1 

Set bits ?(Operator error), 6(Flash), 5(Key Release), 4(Temperature 
Caution), J(Uplink Activity), and l(ISS Warning) of channel 
11 = 1 
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DSPI'ABtll = 006508 and flag for output at next opportunity 
(bit 9 is Program alarm, bit 8 Tracker alarm, bit 6 
Gimbal lock, and bit 4 No attitude) (Note if restart, 11GOPROG 11 

Set bit lO(Test DSKY lights) of c~annel 13 = 1 
put IMU into coarse align) 

Set DSPI'ABtO to DSPTABtlO so that all registers display 118 11 and 
Rl, R2, and R3 display plus signs, and flag for output at 
next opportunity 

NOUT = 11 

Delay K h t seconds (by putting job to sleep via "DELAYJOB 11
) s 0 s 

Proceed to 11TSTLTS3 11 

TSTLTS3 

Set bits 7, 4, 3, and 1 of channel 11 = 0 

Set bit 10 of channel 13 = 0 

TS = bit 4(Coarse align) of channel 12 

(interrupts inhibited 
during routine) 

DSPI'ABtll = TS, and flag for output at next opportunity (bit 4 is 
No attitude) 

(Note that bit 9, Program alarm, set 0 even 
if FAILRED-+-0 f 0) 

Set bit l(LMPTSTBT) of IMODES33 = 0 

Set bits 13-11 (PIP2FLBT , DNLKFAIL, UPLKFAIL) of IMODES33 = 1 

Set bit 15(TLIMBIT) of IMODES30 = 0 

Set bits 13, 12, and 10 (IMUFLBIT, ICDUFLBT, PIPAFLBT) of IMODES30 = 1 

Set bit ?(OCDUFBIT) of OPI'MODES = 1 

Establish 11 DSPMMJB 11 (priority 308) 

MONSAVEl = 400008 (sets bit 15 to 1) 

Set bit 6(Flash) of channel 11 = 0 

Perform "RELDSP 11 

If CADRSTOR f 0: 

Proceed to "PINBRNCH11 

End· of job 
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VBZERO (verb 40) 

If IMUCADR =f 0: 

Proceed to 11ALM/END 11 

Perform 11 IMUZER0 11 

Perform 11 IMUSTALL 11 : if error return, proceed 
otherwise, proceed 

Proceed to 11 PINBRNCH11 

VBCOARK (verb 41) 

If NOUNREG =f 20: (ICDU) 

(OCDU) If NOUNREG =f 91: 

Proceed to "ALM/END" 

If NOUNREG = 20: 

Perform 11 TESTXACT 11 (Tag here 11 IMUCOARK. 11 ) 

TS = 2522vn 

Proceed to 11GOXDSPF 11
: if terminate, proceed to "ENDEX.T" 

if proceed, proceed 
otherwise, proceed 

TS = 4100 
vn 

Perform 11EXDSPRET 11 

If IMUCADR =f 0: 

Set bit ?(Operator error) of channel 11 = 1 

Proceed to "ENDEXT" 

Perform 11 IMUCOARS 11 

Perform 11 IMUSTALL11 : if error return, proceed 
otherwise, proceed 

Proceed to 1'ENDEX.T 11 

If MODREG =f 0: (N91) (Tag here "OPTCOARK. 11 ) 

Proceed to 11ALM/END 11 
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Perform "TESTXACT 11 

If SWSAMPLE ~ 0: (switch not at computer position) 

Set bit ?(Operator error) of channel 11 = 1 

Perform "ALARM" (pattern 011\~) 

If OPTIND = - 0: (Not expected in view of POO restriction) 

Perform "ALARM" (pattern 01178) 

Proceed to 11ENDEXT 11 

TS = 2492 vn 

Proceed to "GOXDSPF": if terminate, proceed to 11ENDEXT 11 

if proceed, proceed 

DESOPTS = SAC 

DESJPTT = PAC 

TS = 4100vn 

Perform 11 EXDSPRET'' 

OPTIND = 1 

otherwise, proceed 

(loaded in Rl of N92) 

(loaded in R2 of N92) 

Proceed to 11 ENDEXT 11 

IMUFINEK ( verb 42) 

Perform "TESTXACT" 

TS = 2593vn 

Proceed to 11GOXDSPF 11 : if terminate, proceed to 11 ENDEXT 11 

if proceed, proceed 

TS = 4200 vn 

Perform "EXDSPRET" 

If IMUCADR f 0: 

otherwise, proceed 

Set bit ?(Operator error) of channel 11 = 1 

Proceed to "ENDEXT" 

Perform 11 IMUFINE11 
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Perform "IMUSTALL" : if error return, proceed to "ENDElCT" 
otherwise, proceed 

TS = "ffiC 11 

Perform "IMUPULSE" 

Perform "IMUSTALL' 1
: if error return, proceed 

otherwise, proceed 

Proceed to "ENDElCT" 

IMUATTCK (verb 43) 

If MODREG f 0, proceed to 11AI.M/END" 

If bits 4- 5 (IMU Coarse align, IMU Zero) of channel 12 f 002 : 

Proceed to "AIM/END" 

Perform 11 CKLFTBTS 11 : if after liftoff, proceed 
if before liftoff, skip next line 

Perform 11 TESTXACT 11 

Se t bits 6(Enable CDU IMU Error Counters ) and 4 (IMU Coarse Align ) 
of channel 12 = 0 

TS = 2522vn 

Proceed to 11 GOXDSPF 11 : if terminate, proceed to 11 TRMATTCK11 
if proceed, proceed 
otherwise, proceed 

Perform 11 NEED1Ell 11 

Perform 11NEEDIER2 11 

Call 11ATTCKl 11 in 0.02 seconds 

Proceed to 11 TRMATTCK 11 

TRMATTCK 

Perform 11 CKLFTBTS 11 : if after liftoff, proceed to 11ENDEXT11 
if before liftoff, proceed 

Proceed to "PINBRNCH" 

ATTCKl 

Ali_ = THETAQ 

Perform 11 NEEDIES 11 

End of task 
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CKLFTBTS 

If bit S(BKUPLO) of FLAGWRDS = 0 : 

If bit S(Liftoff complement) of channel 30 = 1: 

Return to calling address +2 (before liftoff) 

Return to calling address +l (after liftoff) 

DKDISP (verb 44) 

See Digital Autopilot Interface Routines 

DKDAPON (verb 45) 

See Dig ital Autopilot Interface Routines 

STABLISH (verb 46) 

See Digita l Autopilot Interface Routines 

LMTOCMSV (verb 47) 

Es t ablish "LMTOCM" (priority 10
8

) 

End of job 

LMTOCM 

Perform "INTSTALL" 

Inhibit interrupts 

R = R - rectcm - rectlm 

v = v - rectcm -rectlm 

T T 
et cm etlm 

DELTAV = DELTAV
1 - cm - m 

NU~m NU:{_lm 

RC~m = RC:{_ lm 

VC~m VC:{_lm 

T T ccm elm 

XKEPcm = XKEPlm 

Proceed to "TACHEXI T" 

VBDF- 6 

( 



TACHEXIT 

Release interrupts 

Perform "MOVEPCSM" 

If bit l(AVEMIDSW) of FLAGWRD9 0: 

R = RCV + TDELTAV 

V = VCV + TNUV 

T = T pptm et 

~ther RCV + TDELTAV 

V VCV + TNUV -o ther 

Perform "INTWAKE" (starting at 3rd from last line, awaken jobs) 

Pr oceed to "PINBRNCH" 

DAPDISP (ver b 48) 

See Digital Autopilot Interface Routines 

CREWMANU (verb 49) 

If MODREG f. 0 , proceed to "ALM/ END" 

Perform "TESTXACT" 

Establish "R62DISP" (priority 108) 

End of job 

GOLOADLV (verbs 50, 51, 53, 97, and 99) 

Set bit 6(Flash) of channel 11 = 0 

Proceed to "LOADLV" 

GarOR23 (verb 54) 

Perform "TESTXACT" 

If bit 7(RNDVZFLG) of FLAGWRDO = 1: 

If bit 5(TRACKFLG) of FIAGWRDl = 1 : 

Establish "R23CSM" (priority 168) 

End of job 
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Perform 11 ALARM11 (pattern 0406~) 

Proceed to 11 ENDEXT 11 

ALINTIME (verb 55) 

Perform 11 TESTXACT 11 

TS = 2524 vn 

Proceed to 11 GOXDSPF 11
: if terminate, proceed to 11 ENDEXT 11 

if proceed, proceed to 11ENDEXT 11 

otherwise, proceed 

If MPAC+O f 23: (final verb not 23) 

Proceed to 11ENDEXT" 

Inhibit interrupts 

Set TS = T and T = 0 now now 

TS = TS + DSPTEM2+ldp' with sign agreement forced (DSPTEM2+ld contents 
destro~ed) 

T = T + TS now now 

Release interrupts 

Proceed to 11 ENDEXT 11 

TRACKTRM (verb 56) Also entered from R60 or V34E to V06N49 in P20 

Set bit 2(R67FLAG) of FLAGWRDg = 0 

If bit 9(UTFLAG) of FLAGWRDg = 0: 

If bit 7(RNDVZFLG) of FLAGWRDO = 0: 

Proceed to 11 PINBRNCH11 

Set bit 7(AUTOSEQ) of Fl.GWRDlO = 0 

Set bit 14(R21MARK) of FLAGWRD2 = 0 

Set bit 7(UPDATFLG) of FLAGWRDl = 0 

If bit 5(TRACKFLG) of FLAGWRDl = 0: 

Set bit 7(RNDVZFLG) of FLAGWRDO = 0 

Set bit 9(UTFLAG) of FLAGWRDg = 0 

Proceed to 11 PINBRNCH11 
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Set bit 5(TRACKFI.G) of FLAGWRDl = 0 

Set bit 8(IMUSE) and bit ?(RNDVlFI.G) of FLAGWRDO = 0 

Set bit 9(UTFLAG) of FLAGWRD8 = 0 

Perform "INITSUBA" 

Perform "INTSTALL" 

Make restart groups 1 and 2 inactive 

Inhibit interrupts 

Proceed to "ENEMA 11 

V57CALL (verb 57) 

Perform 11TESTXACT 11 

OPI'IONX = 4 

TS = 0 

If bit 2(FULTKFI.G) of FlGWRDlO = 1: (bit used in 11AUTOW11
, zero 

means have VHF and optics) 
TS = 1 

OPI'IONX+ 1 = TS 

TS = 0412vn 

Proceed to 11GOXDSPF 11
: if terminate, proceed to "ENDEX.T 11 

if proceed, proceed to 11 ENDEXT 11 

otherwise, proceed 

If OPI'IONX+l = 0 : 

Set bit 2(FULTKFLG) of FlGWRDlO = 0 

If OPI'IONX+l f 0: 

Set bit 2(FULTKF1G) of FlGWRDlO = 1 

Proceed to third line of 11v57CALL11 

ENATMA (verb 58) 

Set bit 15(V50Nl8FL) of FLAGWRD3 = 1 

Set bit 14(STIKFLAG) of FLAGWRDl = 0 

Proceed to 11 PINBRNCH11 

VBDF-9 
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DKJTENBL (verb 59) 

CH5FAIL 0 

CH6FA1L = 0 

Proceed to "PINBRNCH" 

V60 (verb 60) 

CPfilX = CDJI 

Proceed to 11 PINBRNCH 11 

V61 (verb 61) 

Set bit 9(NEEDLFLG) of FLAGWRDO = 0 

Proceed to 11 PINBRNCH 11 

V62 (verb 62) 

Set bit 6(N22ERNDS) of FLAGWRD9 = 1 

Set bit 9(NEEDLFLG) of FLAGWRDO = 1 

Proceed to 11 PINBRNCH 11 

V63 (verb 63) 

Set bit 6(N22ERNDS) of FLAGWRD9 0 

Set bit 9(NEEDLFLG) of FLAGWRDO 1 

Proceed to 11 PINBRNCH11 

R64 (verb 64) 

Perform "TESTXACT" 

Establish "V64PERF" (priority 108) 

End of job 

CKOPTVB (verb 65) 

If MODREG f. 02: 

Proceed to "ALM/END" 

Establish "GCOMPVER" (priority 168) 

Proceed to "PINBRNCH" 
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ATTACHED (verb 66) 

Establish "ATTACHIT" (priority 10
8

) 

End of job 

ATTACH IT 

Perform "INTSTALL" 

Inhibit interrupts 

R = R -rectlm -rectcm 

V = V -rectlm -rectcm 

Tetlm = Tetcm 

DELTAylm = DELTAycm 

NUYlm = NUycm 

RCVlm =. RCV - . - cm 

vcvlm = vcv - - cm 

T = T elm ccm 

XKEP1 = XKEP m cm 

Proceed to 11 TACHEXIT 11 (NOTE that Average-G cells E. and Y. overwritten) 

V67 (verb 67) 

Perform 11TESTXACT 11 

Establish 11V67CALL11 (priority 05g) 

End of job 

V?OUPDAT (verb 70) 

See Uplink Processing 

Y71UPDAT (verb 71) 

See Uplink Processing 

V72UPDAT (verb 72) 

See Uplink Processing 
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V73UPDAT (verb 73) 

See Uplink Processing 

DNEDUMP (verb 74) 

DNTMGOTO = 11 DNDUMPI'1 

Proceed to 11PilJBRNCH 11 

LFTFLGON (verb 75 ) 

Set bit 5(BKUPLO) of FLAGWRD5 = 1 

Proceed to 11 PINBRNCH11 

V76CALL (verb 76) 

Perform 11TESTXACT 11 

TS = 0672 
vn 

Proceed to 11 GOXDSPF 11
: if terminate, proceed to 11 ENDEXT 11 

if proceed, proceed 
otherwise, proceed to previous line 

Inhibit interrupts 

Set bit 2(R27UP2) and bit l(R27UP1) of FLGWRDll = 0 

Set bit 12(R27FLAG) of FLGWRDll = 1 

Proceed to 11 ENDEXT 11 

V77CALL (verb 77) 

Set bit 12(R27FLAG) of FlGWRDll = 0 

Proceed to 11 PINBRNCH 11 

CHAZFOGC (verb 78 ) 

If MODREG f 02: 

Proceed to 11ALM/END 11 

Establish 11AZMTHCG1 11 (priority 168) 

Proceed to 11 PINBRNCH11 
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LEMVEC (verb 80) 

Set bit 8(CSMUPDAT) of FLAGWRDl = 0 

Proceed to 11 PINBRNCH11 

CSMVEC (verb 81) 

Set bit 8(CSMUPDAT) of FLAGWRDl = 1 

Proceed to 11 PINBRNCH11 

V82PERF (verb 82) 

Perform 11 TESTXACT11 

Change priority of present job to 078 

Proceed to 11V82CALL 11 

V83PERF (verb 83) 

Perform 11 TESTXACT 11 

Set bit 4(R31FLAG) of FLAGWRD9 = 1 

Establish 11R31CALL11 (priority 058) 

End of job 

V85PERF (verb 85) 

Perform 11 TESTXACT 11 

Set bit 4(R31FLAG) of FLAGWRD9 = 0 

Establish 11R31CALL 11 (priority 058) 

End of job 

V86PERF (verb 86) 

If MRKBUFl 9 0: (see notes with 11MKR.EJECT 11 ) 

MRKBUFl = -1 

Proceed to 11 PINBRNCH11 

If bit 7(R22CAFLG) of FLAGWRD9 = 1: 

Set bit 12(REJCTFLG) of FLGWRDlO = 1 

Proceed to 11 PINBRNCH11 
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SETVHFLG (verb 87) 

Set bit 9(VHFRFLAG) of FLAGWRD9 = 1 

Proceed to "PINBRNCH" 

RESETVHF (verb 88) 

Inhibit interrupts 

Set bit 8(Tracker) of DSPTAB+-11 = O, and flag for output at next 
opportunity 

Set bit 7(0CDUFBIT) of OPTMODES = 1 

Release interrupts 

Set bit 9(VHFRFLAG) of FLAGWRD9 = 0 

Proceed to "PINBRNCH" 

V89PERF (verb 89) 

If MODREG f 0, proceed to "AIM/END'' 

Perform "TESTXACT 11 

Establish "V89GALL" (priority 108) 

End of job 

V90PERF (verb 90) 

Perform "TESTXACT11 

Establish "RJ6 11 (priority 07 8) 

End of job 

GOSHOSUM (verb 91) 

If MODREG f O, proceed to "AIM/END" 

Perform "TESTXACT" 

Proceed to "SHOWSUMt2" 

WMATRXNG (verb 93) 

Set bit l(RENDWFLG) of FLAGWRD5 = 0 

Proceed to "PINBRNCH" 
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VERB96 (verb 96) 

Set bit 5(QUITFLAG) of FLAGWRD9 = 1 

Set bit 3 (V960NFLG) of FLAGWRD8 = 1 

TS = 0 

Proceed to "V37" 
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Quantities in Computations 

See also list of major variables and list of routines 

AK_: See Digital Autopilot Interface Routines. 

CADRSTOR: See Data Input/Output. 

CHSFAIL, CH6FAIL: See Digital Autopilot Docked Jet Selection. 

CPHIK.: See Digital Autopilot RCS Routines. 

DELTAV , DELTAV
1 

: See Orbital Integration. -cm - m 

DESOPTS, DESOPTT: See Optics Computations. 

DNTMGOTO: See Telemetry . 

EXTVBACT: Single precision cell several of whose bits are used to control 
various performance features of the extended verbs. If the cell is 
non-zero, this means that the 11 extended verb display system11 is busy, 
and other users are locked out (hence the cell can be set non-zero 
deliberately to lock out other users). The individual bits are 
used as follows: 

14 Set at start of 11P6l11 and in 11NEWRNVN 11 to inhibit extended 
verbs from using coding also used by P61 computations (e.g. 
RJO time-of-flight information). 

12 Bit set 1 at end of 11 COMPDISP 11 , used in 11RJlCALL 11 (for 
R31 and R34) to delay start of first display until 
completion of loading of data cells. 

5 Bit set 1 by "TESTXACT", and used in "COMPDISP", "TICKTEST", 
and "V82GON1" to indicate, if O, that a display response has 
been received (hence the cycling for updating of display 
should be stopped). 

3 Set 1 in 11 TESTXACT 11 to indicate that display system 
extended verb portion is 11busy 11 (not in general set for 
those extended verbs that do not require use of the 
display system "mark/ extended verb 11 priority) . 

2 Set 1 in 11 TESTMARK 11 to indicate that optics marking 
system is in use. 

IMODESJO, IMODES33: See IMU Computations. 

IMUCADR: See IMU Computations. 

\ 
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Kshots: Single precision constant, program notation 11 SHOLTS" scale 
factor Bl4, units centi~seconds. Value is 500 x 2-14' 

to 5 secon:l.s. , corresponding 

K t 2 : Single precision constant, program notation "LST2CON", scale 
s en factor Bl4, value 40. VERBREX:} values of this amount or greater 

are considered "extended verbs 11
• 

K t 2f : Table of single precision addresses, program notation n1ST2FAN 11
, 

s ni giving (in the form of TC/TCF orders) starting addresses for 
processing of VERBREG values between K t 2 and 99. See table 
~~. s ~ . 

K bt : Table of single precision addresses, program notation 11VERBTAB 11 , 

v i giving (in the form of CADR addresses) the starting addresses 
for processing of VERBREX:} values less than K t 2 . See table below. s en 

MONSAVEl : See Data Input/Output. 

MPAC+O : See Display Interface Routines (loaded with verb that is received). 

MRKBUFl : See Optics Computations. 

NOUNREG : See Data Input/Output. 

NOUT : See General Program Control. 

NUYcm' NUY1m: See Orbital Integration. 

OGC : See Coordinate Transformations (scale factor could be considered 
B21 in units of gyro pulses as well as BO revolutions): is loaded 
by N93 . 

OPTIND: See Optics Computations. 

OPTIONX: : See Display Computations. 

OPTMODES : See Optics Computations . 

PAC: See Coordinate Transformations (loaded by N92). 

R th : See Orbital Integration. -o er · 

R t , R tl : See Orbital Integration. -rec cm -rec m 

Rey, RCYcm' RCylm: See Orbital Integration. 

SAC: See Coordinate Transformations (loaded by N92). 

SWSAMPLE: See Optics Computations. 

T , T lm: See Orbital Integration. ccm c 
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Tet' Tetcm' Tetlm: See Orbital Integration. 

TDELTA~, TNU~: See Orbital Integration. 

V h : See Orbital Integration. 
-at er 

V , V 1 : See Orbital Integration. -rectcm -rect m 

VCV, VCV , VCV
1 

: See Orbital Integration. 
- -cm - m 

VERBREG: See Data Input / Output. 

XKEP , XKEP
1 

: See Orbital Integration . 
cm m 
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Verb 

00 

01 

02 

03 

04 

05 

06 

07 

08-10 

11-17 

18-20 

21 

22 

23 

24 

25 

26 

27 

28-29 

36 

31 

32 

33 

Starts at 

11 DSPALARM 11 

11 DSPA 11 

11DSPB 11 

11DSPC 11 

11 DSPAB 11 

11 DSPABC 11 

11 DECDSP 11 

11 DSPDPDEC 11 

11 DSPALARM 11 

11 MONITOR 11 

11 DSPALA.RM 11 

11 ALOAD 11 

11 BLOAD 11 

11 CLOAD 11 

11 ABLOAD 11 

11 ABCLOAD 11 

"DSPALARM" 

11 DSPFMEM 11 

11 DSPAtARM 11 

11 VBRQEXEC 11 

11 VBRQWAIT 11 

11 VBRESEQ 11 

11 VBPROC 11 

Verb Table Information 

Function 

Not assigned . 

Display in octal firct component . 

Display in octal second component . 

Display in octal third component . 

Display in octal first and second components. 

Display in octal all three components. 

Decimal display. 

Double precision decimal display. 

Not assigned. 

Perform monitor function of type specified 
by least significant digit of verb (e.g. 
verb 13 does "DSPC " periodically). 

Not assigned. 

Load first component. 

Load second component . 

Load third component. 

Load first and second components. 

Load all three components. 

Not assigned. 

Displ ay contents of fixed memory . 

Not assi gned. 

Request executive system (for a job). 

Request waitlist system (for a task). 

Recycle verb (same calling-routine return as 
a data ent er ) . 

Proceed (without data) verb. 
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34 

35 

36 

37 

3g-39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

5g 

59 

Starts at 

11 VBTERM11 

"VBTSTLTS" 

"SLAPl" 

11 MMCHANG11 

"DSPALARM" 

"VBZERO" 

"VBCOARK" 

11 IMUFINEK 11 

"IMUATTCK" 

"DKDISP" 

"DKDAPON" 

"STABLISH" 

"LMTOCMSV" 

"DAPDISP" 

"CREWMANU" 

11 GOLOADLV' I 

"GOLOADLV" 

"ALM/ END" 

"GOLOADLV" 

11GOTOR23 11 

"ALINTIME" 

"TRACKTRM" 

"V57CALL" 

"ENATMA" 

"DKJTENBL" 

Function 

Terminate (activity or function) verb. 

Test lights of display system. 

Perform a (manually initiated ) fresh start . 

Change program ("major mode") . 

Not assigned. 

Zero IMU CDU ' s . 

Coarse align ( IMU CDU N20; optics CDU N91) . 

Fine align IMU (optional pulse torquing ) . 

Load FDAI attitude error needles. 

Load Docked DAP (R04). 

Activate Docked DAP. 

Activate Undocked DAP. 

Move OWS state vector into CSM state vector . 

Load Undocked DAP (R03). 

Start crew~efined maneuver (R62). 

Please perform. 

Please mark. 

Not assigned. 

Please mark alternate LOS. 

Start rendezvous backup sighting mark routine 
(R23). . 

Increment computer clock (decimal input data ) . 

Terminate tracking (P20). 

Select FULTKFLG option (number of sensors ) . 

Enable automatic attitude maneuvers in 
R61 and R67. 

Enable all jets in Docked DAP . 
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60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

Starts at 

11 V60 11 

11 V62 11 

11 V63 11 

"R64 II 

11 CKOPTVB 11 

"ATTACHED" 

11V67 11 

11ALM/END 11 

(one - step 
loop) 

11V?OUPDAT11 

"V71UPDAT" 

"V72UPDAT 11 

"V73UPDAT" 

"DNEDUMP" 

11 LFTFI.GON1 I 

"V76CALL" 

"V77CALL" 

11 CHAZFCGC 11 

''ALM/END 11 

Function 

Set CPHJ:! (Nl7) = CDU (N20) . 

Display autopilot following error (the DAP 
"Mode I") on FDAI error needles. 

Display autopilot total attitude err or with 
respect to N22 (the DAP "Mode II") on FDAI 
error needles. 

Display autopilot total attitude error with 
respect to Nl7 (the DAP "Mode III") on FDAI 
error needles. 

Start Optics Angle Transform calculation (R64). 

Optical verification of prelaunch alignment 
(P03). 

Move CSM state vector into OWS state vector. 

Start W-matrix RSS error display. 

Not assigned . 

Cause a hardware restart (one - step loop) . 

Liftoff time update (P27). 

Block address update (P27) . 

Single address update (P27). 

Increment computer clock (P27) . Input is in 
units of centi-seconds, as contrasted with 
the hours, minutes, seconds input of v55. 

Initialize downlink erasable memory dump . 

Set liftoff flag (for backup liftoff). 

Enable R27 in R22. 

Disable R27 in R22 . 

Change gyrocompass launch azimuth . 

Not assigned . 
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80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

Starts at 

"LEMVEC" 

11 CSMVEC 11 

11V82PERF11 

11V83PERF 11 

"ALM/ END" 

11 V85PERF 11 

11V86PERF 11 

11 SETVHFLG1 I 

11 RESETVHF 11 

11V89PERF 11 

11V90PERF 11 

11 GOSHOSUM11 

"WMATRXNG" 

"ALM/ END" 

11A1M/END11 

11 GOLOADLV 11 

11 A1M/END 11 

11GOLOADLV 11 

Function 

Cause OWS state vector to be updated by 
navigation measurements (in P20 ) . 

Cause CSM state vector to be updated by 
navigation measurements ( in P20) . 

Request orbital parameter display (R30). 

Request rendezvous parameter display #1 
(R31, +X axis angle ) . 

Not assigned. 

Request rendezvous parameter display #2 
(R34, optics angle ) . 

Reject rendezvous backup sighting mark. 

Set VHF range flag (for R22 ) . 

Reset VHF range flag ( for R22 ) . 

Start rendezvous final attitude routine (R63). 

Request rendezvous out- of- plane display (R36). 

Compute banksums (of each fixed memory bank ) . 

Not assigned. 

Reset W matrix flag (RENDWFLC) to enable 
initialization. 

Not assigned. 

Not assigned. 

Terminate integration and go to POO. 

Please perform engine-fail logic (R40 ) . 

Not assigned. 

Please enable engine ignition. 
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Index of Routines 

The routines listed below are those included by specific tag in this 
document . They are arranged in the 11 alphabetical11 order of the listing 
of symbols at the end of the program: 11+11

, 
11 ~~ 11 , 11

-
11

, 
11

/
11

, A- Z, and 0- 9 . 

Symbol Document Symbol Document 

+ON DATA-6 AUGEKUGL DISP- 8 
-~rsMNB-~~ COOR-4 AUTOCHK MINK -1 
- ON DATA- 5 AUTO SET MINK -2 
A-PCHK ORBI- 9 AUTOW MINK - 5 
AB CLO AD DATA-16 AUTOW2 MINK- 6 
AB LOAD DATA-17 AUT037 GENP-16 
ACBD2Z DPRC -22 AVERAGEG GENP-4 
AC COMP ORBI-13 AVETOMID ORBI-4 
ADRSCHK TEST-4 AVGEND GENP-3 
ADTIME+3 REND-4 AXISGEN COOR-2 
ADVANCE BURN-11 AZMI'HCGl PREL- 6 
AGAIN STER-2 BAILOUT GENP-25 
AHFNOROT DPRC -10 BDROLL DPRC -19 
ALARM GENP-24 BIASEDZ DPEN-12 
ALARM2 GENP-24 BINROUND DATA-22 
ALFLT PREL-4 BLANKET DINT-1 
ALFLT1ME; TEST-10 BLANKSUB DATA-32 
ALINT VBDF-8 BLOAD DATA-18 
ALLDC/OC DATA-19 BODYRATE DPEN-3 
ALLOOP PREL-4 BOTH SHOW ORVN-8 
ALLOOP~ TEST-10 BRNCHCTR CONC -4 
ALM/EN VBDF-1 BURBLE DPDS-10 
ALMCYCLE DATA-28 BURN HOW MINK- 2 
ALO AD DATA-18 BVECTORS .MEAS-4 
A LOADED ORBI- 9 CA+ECE IMUC -13 
AMBGUPDT DPRC -4 CAGESUB IMUC -8 
ANGLER. ORVN-11 CALCGA COOR-2 
APSIDES CONC-12 CALCGRAV GENP- 5 
ARC COM MATH-3 CALCGTA COOR-1 
ARCTAN COOR- 9 CALCN83 DISP-1 
ARC TRIG COOR-1 CALCN85 DISP-2 
AROUTlSF NNDF-6 CALCRVG GENP-4 
ART HIN SF NNDF- 8 CALCSMSC COOR-5 
ARTINlSF NNDF ...:10 CALCSXA COOR- 5 
ARTOUTSF NNDF-2 CALCTFF DISP-16 
ATER.JOB BOOS-3 CALCTPER DISP-16 
ATERTASK BOOS-3 CALLR6X ATTM-22 
ATRESET BOOS- 5 CAL53A INFA-10 
ATTACHED VBDF-11 CANT DO DISP- 8 
ATTACH IT VBDF-11 CANV37 GENP-19 
ATTCKl VBDF-5 CDHMVR REND- 9 
ATTERROR NNDF-10 CDUTODCM ATTM-8 
ATTRATES DPEN-4 CDUTRIG COOR-3 
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CHARALRM DATA-3 DCMI'OCDU ATTM-9 
CHARIN DATA-2 DCOMPI'ST DATA-13 
CHAZFffiC VBDF-12 DECDSP DATA-14 
CHECK NJ GENP-27 DECDSP3 NNDF-2 
CHKCOMED PREL-3 DEC END DATA-4 
CHKLINUS ATTM-3 DEGINSF NNDF-7 
CKLFTBTS VBDF-6 DIDINSF2 NNDF-7 
CKMID2 ORBI-6 DEGOUTSF NNDF-2 
CKOPTVB VBDF-10 DELAY JOB GENP-23 
CLEANDSP DINT-1 DELCOMP ATTM-8 
CLEAR DATA-7 DELRSPL DISP-7 
CLEARMRK DINT-1 DELTIME CONC - 5 
CLOAD DATA-18 DIFEQ+2 ORBI-16 
CLOCK JOB BURN-25 DISPALM BURN-4 
CLOCPLAY DINT -1 DISP45A REND-21 
CLOKTASK BURN-24 DKDAPON DPIR-3 
CLUPDATE BURN-16 DKDISP DPIR-3 
CM/DAPON DPEN -1 DKJSLECT DPDS -1 
CM/FD AIR DPEN-10 DKJTENBL VBDF-10 
CM/POSE ENRY-1 DKT6 DPDS-16 
CMDSOUT DPTV-11 DNDUMP TELE- 5 
CNTRCOPY DPTV-6 DNDUMPI TELE-4 
COARS IMUC-12 DNDUMPl TELE-4 
COARS2 IMUC-12 DNEDUMP VBDF-12 
COE REND-24 DNPHASEl TELE-1 
COMADRS TEST-4 DNPHASE2 TELE-1 
COMMNOUT CONC -10 DODOWNTM TELE-1 
COMMONLM CONC -8 DOFSTART GENP- 8 
COMPDISP DISP-11 DONOUN46 DPIR-2 
COMPMATX ATTM- 5 DONOUN89 DPIR-4 
COMPTEST DATA-13 DONTPULS IMUC -18 
COM52 OPTC-14 DOV6N78 ORVN -1 
CONS TD ENRY-12 DOW .. ORBI- 17 
COUPLE DPDS-2 DPFRACIN NNDF-10 
CPIMATH DPDS-10 DPFRACOT NNDF-7 
CREWMANU VBDF-7 DPINSF DATA-22 
CRS61.l ATTM-16 DPINSF2 NNDF-8 
CRS61.2A ATTM-17 DPINSF4 NNDF-10 
CSCTOMAN OPTC-7 DP OUT DATA-15 
CSCTOZOP OPTC-7 DPTEST NNDF-1 
CSMCONIC ORBI-2 DPlOUTSF NNDF-2 
CSMPREC ORBI-2 DP20UTSF NNDF-3 
CSMVEC VBDF-13 DP30UTSF NNDF-3 
CT ASK OR.VN-9 DSPA DATA-12 
CYCVHF MEAS-14 DSPAB DATA-12 
Cl3STALL MEAS-22 DSPABC DATA-12 
C33TEST IMUC-6 DSPALARM DATA-28 
DAPDISP DPIR-2 DSPB DATA-12 
DAPINIT DPTV-3 DSPC DATA-12 

X-2 



Symbol Document Symbol Document 

DSPCOM2 DATA-13 ERAS LOOP TEST -2 
DSPDCEND DATA-15 ERROR DATA-6 
DSPDCPUT DATA-14 ERRORS TEST-1 
DSPDCWDl DATA-25 ES TIMS PREL-2 
DSPDC2NR DATA-25 ESTIMSd TEST-9 
DSPDECVN DATA-26 EXDAP DPEN-11 
DSPDECWD DATA-25 EXDAPIN DPEN- 5 
DSPDPDEC DATA-15 EXDSPRET DINT-2 
DSPFMEM DATA-24 EXRSTRT DPTV-11 
DSPIN DATA-27 FAZAB3 MEAS- 2 
DSPINl DATA-27 FETCH2WD TELE-3 
DSPMMJB DATA-33 FINDGIMB ATTM- 5 
DSPOCTWD DATA-26 FIX CW DPIR-10 
DSPOUTSB GENP-7 FIXDB ATTM-14 
DSPSIGN DATA-24 FLASHSUB DINT-15 
DSP2DEC DATA-25 FORCE DPDS -3 
DUMMY JOB GENP-27 FREEFUNC DPRC -9 
DX COMP CONC -3 FWDFLTR DPTV-9 
DYNDISP BURN-25 FXADRS TEST- 5 
DZl DPEN-6 FXFX TEST-7 
EARROTl COOR-7 GAMCOMP ORBI - 13 
EARROT2 COOR-7 GCOMPVER PREL-7 
EAR.THMX COOR-10 GCOMP5 PREL- 9 
EARTHR~~ PREL-6 GEOIMUTT TEST -8 
ECENAB OPTC -7 GEOM CONC -13 
EH COMP REND-17 GET .LVC DISP-1 
ELCALC REND-2 GET+ IDA DISP-1 
ENABL2 DPTV-10 GETERAD COOR- 8 
EN ATMA VBDF-9 GETINREL DATA-4 
ENDEXIT ENRY-16 GETON2 DPEN-7 
END EXT DINT-1 GETRJ REND-23 
END FIX MEAS-21 GETUM MEAS-4 
EN DID LE DINT-16 GETX CONC-13 
ENDIMU IMUC-18 GLIMITER ENRY-15 
END INT ORBI-2 GLOCKMON IMUC -7 
ENDMANU ATTM-13 GOBAQUE ORBI-14 
ENDMANUV ATTM-3 GOCYCLE DPDS -11 
ENDMANUl ATTM-2 GODSP DINT-2 
ENDP76 BURN-33 GODS PR DINT-2 
ENDRET DINT-18 GODSPRET DINT-2 
ENDRET2 DINT- i.8 GODSPRs+l DINT-7 

. ENDTFF DISP-17 GOES TIMS PREL- 2 
ENDTNON IMUC-9 GOESTIMSd TEST- 8 
EN DZ OPT OPTC-6 GO FLASH DINT-2 
ENEMA GENP-12 GOFLASHR DINT-2 
ENG IN OFF BURN-28 GOFLASH2+1 DINT-7 
EN GOFF STER-9 GOLOADLV VBDF-7 
ENTANSWR OPTC -8 GO MARK FR DINT-3 
ENTER DATA-8 GOMARK2 DINT-3 
ENTPASO DATA-8 . GOMARK4 DINT-3 
ERASCHK TEST-2 
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GOOD A DPDS-4 INITVEL2 REND- g 
GOO DB DPDS-4 INITVEL7 REND-9 
GO PER Fl DINT-3 INTEGRV ORBI-9 
GOPERFlR DINT-3 INTEGRVS ORBI-3 
GOPERF2R DINT-4 IN TEX IT ORBI-10 
GOPERF4 DINT-4 INTGRATE ORBI-12 
GOPROG GENP-10 INT STALL ORBI-3 
GOPROG2 GENP-12 INTWAKE ORBI-4 
GOPROG3 GENP-12 INTWAKEU UPIK -6 
GOPROG4 GENP-12 INVRSEQN CONC -15 
GOROUND DPDS-16 ISITPOO GENP- lg 
GOS HO SUM VBDF-14 ITER REND-20 
GOTO POOH GENP- 15 ITERATOR CONC -9 
GOTOR23 VBDF-7 ITER3 REND-21 
GOXDSPF DINT-4 JAMI'ERM DATA-32 
GSELECT IMUC -16 JET CALL DPEN-10 
GT SC PSS PREL-1 JETCALLl DPEN- 9 
GT SF IN NNDF-1 JE'rCALL2 DPEN-10 
GTSFOUT NNDF-1 JETCALL3 DPEN-9 
GYCRS INFA-14 JETROLL DPTV-14 
HANDRUPT DPIR-1 JETS DPRC -13 
HANG20 GENP- 7 JETS LE CT DPRC-15 
HAVEBASE DISP-12 JLOOP DPRC -13 
HMS IN NNDF-9 JOBXCHs+l DINT-11 
HMSO UT NNDF-3 JTIME DPRC- 15 
HOPALONG ORVN-12 J23 DPRC -14 
HOP29DSP ORVN-11 K.ALCMAN3 ATTM-6 
HUNTE ST ENRY-6 KEPCONVG CONC-4 
IillNTESTl ENRY-7 KEPLERN CONC-1 
IDLEREI'l DINT-16 KEPLOOP CONC -3 
IFAILOK IMUC-10 KEPPREP ORBI-15 
IGNITION BURN- 23 KEP2 ENRY-12 
IMUATTCK VBDF- 5 KEYCOM DATA-1 
IMUBAD IMUC-19 KEYRUPTl DATA-1 
IMUCOARS IMUC -11 KLEENEX DINT-4 
IMUFINE IMUC -13 KMATRIX DPRC-3 
IMUFINED IMUC -14 LALOTORV COOR- g 
IMUFINEK VBDF-4 LAMBERT CONC- 5 
IMUMON IMUC-3 LAMB LOOP CONC-7 
IMUPULSE IMUC-15 LAMENTER CONC -11 
IMUS TALL IMUC-19 LASTBIAS IMUC-2 
IMUZERO IMUC-10 LAT- LONG COOR-7 
IMUZER02 IMUC-11 LEMCONIC ORBI-3 
INCORPl MEAS-1 LEMPREC ORBI-2 
INCORP2 MEAS-1 LEMVEC VBDF-13 
INITDSP DINT-4 LFTFIGON VBDF-12 
INITROLL ENRY- 5 LIGHTON MEAS-6 
IN IT SUB GENP-17 LIGHT SET GENP-13 
INITSUBA GENP-17 LIMITL/D ENRY-15 
IN ITV CONC -9 LMTOCM VBDF-6 
INITVEL REND-7 LMTOCMSV VBDF-6 
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LOADLV DATA-19 NC12ST REND-10 
LOCSKIRT ATTM- 9 NDUTINPI' ORVN-3 
LODNNTAB NNDF-1 NEEDLER DPIR- 9 
LOG MATH- 5 NEEDLER2 DPIR-9 
LONGPASS ORVN-11 NEEDLES DPIR- 9 
LSPOS COOR-7 NEEDLEll DPIR- 9 
L355 ENRY-16 NEGRDIST DPDS -4 
M/SOUT NNDF-4 NEGSGN DATA- 5 
MAKEPLAY DINT-7 NEG TESTS ENRY-11 
MANUSTOP ATTM- 13 NEWANGL ATTM-11 
MARKDIF OPTC-10 NEWDELHI ATTM-11 
MARK DONE OPTC-10 NEWMODEX DATA-33 
MARKIDNR DINT-5 NEWRNVN ENTP-1 
MARK PLAY DINT-12 NEWS TATE CONC-10 
MARKRUPT OPTC -9 NEXT COL ORBI-17 
MASS PROP DPIR-10 NEXT IN SL TELE-4 
MERGMATH DPDS-7 NOBYPASS DPDS-2 
MIDTOAVl ORBI- 5 NODS POUT GENP-7 
MIDTOAV2 ORBI-6 NODS PY GENP-6 
MINKDISP MINK-1 NOGO ATTM-10 
MKREJECT OPTC-11 NOPOLYM BOOS-4 
MKRELEAS OPTC -8 NORMLIZE GENP-1 
MKVBDSP OPTC- 8 NORMRET DINT-17 
MKVB5X OPTC-8 NO ROLL DPTV-14 
MKVB50 OPTC -9 NOROLLl DPI'V-15 
MKVB51 OPTC- 8 NOTIMING DPDS -14 
MMC HANG DATA-28 NOUN DATA- 5 
MONDO DATA-23 NOUNTEST DATA-19 
MONITOR DATA-22 N05PT DPDS-13 
MONREQ DATA-23 N061PT DPDS-12 
MOVEACSM ORBI-7 N062Pl' DPDS-13 
IDVEALEM ORBI-7 NUM DATA-3 
MOVEPCSM ORBI-8 NVDSP DINT-13 
MOVEPLEM ORBI-8 NVMONOPT DATA-30 
MXM3 ATTM- 9 NV SUB DATA-30 
NBDONLY IMUC-2 NVSUBEND DATA-32 
NBD2 IMUC-2 NVSUBUSY DINT-15 
NBRANCH ORBI-15 NV50DSP DINT-13 
NCCDMP7+17 BURN-6 NXTBNK TEST-6 
NCCLOOP REND~l5 N72STUFF ORVN-9 

· NClLOOP REND-14 N81DISP BURN-7 
NC2LOOP REND-14 OASTAR INFA-17 
NC12D REND-15 OAVECS INFA-16 
NC12DH BURN-3 OBLATE ORBI-14 
NC12F REND-13 OCCULT INFA-6 
NC12G REND-16 OCDUFTST OPTC-6 
NC12H BURN- 4 OHWELLl UPIK- 2 
NC12J REND-12 OHWELL2 UPIK- 2 
NC120UT REND-18 OK TOCO PY DINT-10 
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OKTOENT DINT-17 PRERRORS TEST-1 
OLPALRM BURN- 5 PRE40 .6 DPIR- 5 
ONCEMORE TEST-12 PRIODSP DINT- 5 
ONROLL DPTV-12 PRIODSPR DINT- 5 
OPDEGOUT NNDF-3 PRIOLARM GENP-25 
OPTDEGJN NNDF-9 PROCEEDE GENP- 8 
OPTMON OPTC-3 PR OCKEY DATA-30 
OPTTEST OPTC -1 PROG20 ORVN -1 
P/YwALRM DPDS- 5 PROG21 ORVN- 5 
P/YWCOMP DPDS -2 PROG52 JNFA-3 
PARAM CONC-12 PUT COM DATA-20 
PASSOUT ORVN-13 PUTDCSF2 NNDF-7 
PASS2 DPDS-6 PUTDECSF DATA-21 
PASTEVB DATA-24 PUTMARK OPTC-10 
PCOPY DPTV-8 P06 GENP-22 
PERF20 MJNK-7 Pll BOOS-1 
PERIODCH CONC-2 P200PT ORVN-2 
PFAIIDK IMUC- 9 P20TRACK ORVN- 5 
PHICALC-11 DISP- 9 P21PROG1 ORVN-5 
PHI COMP ORVN-10 P21PROG2 ORVN-6 
PHI JOB ORVN-10 P25CSM ORVN -7 
PHSMCH REND-11 P29 ORVN-11 
PICEND INFA-7 P30 BURN-1 
PI Cl JNFA-5 P31 BURN-2 
PIC3 JNFA-5 P32 BURN-5 
PIKUP20 ORVN-4 P33 BURN-6 
PINBRNCH DINT- 5 P33/P73B BURN-8 
PIPACHK TEST-13 P34 BURN-8 
PIPASR IMUC-1 P34/P74C BURN-12 
PIPFREE IMUC -14 P35 BURN-11 
PIPUSE IMUC-14 P35/P75B BURN-16 
PITCHDAP DPTV-6 P36 BURN-16 
PITCHTIM DPRC -22 P37 BURN-17 
PLANET INFA-8 P38 BURN-18 
PLAYJUMl DINT-13 P38RECYC BURN-19 
POLYCOEF CONC-16 P40Bl.NKR BURN-22 
POODOO GENP- 26 P40CSM BURN-20 
POSGN DATA- 5 P40RCS BURN-28 
POSN17C PREL-2 P40S/F BURN-20 
POST AND GENP-23 P40S/SV BURN-22 
POSTBURN BURN-28 P40SXTY BURN-20 
POST41 BURN-29 P41CSM BURN -29 
PREANGLE ORVN-10 P47BODY BURN-30 
PRECOMP DPTV-10 P47CSM BURN- 29 
PRECSET REND-1 P48CSM BURN-30 
PREDICT3 ENRY-13 P50 INFA-15 
PREFINAL ENRY-12 P51 INFA-1 
PREREAD GENP-1 P51A INFA-1 
PREREADl GENP-1 P51B INFA-2 
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P52AUTO MINK-7 RELDSP DATA-34 
P52B INFA-3 RELINUS ATTM-3 
P52C INFA- 5 REND ISP MEAS-12 
P52D INFA-4 RENDISP2 MEAS-12 
P55 INFA-17 RENDISP3 MEAS-12 
P61 ENTP-1 RENDl MEAS-4 
P62 ENTP-2 REND12 MEAS-11 
P62 . l ENTP-3 REND3 MEAS- 5 
P62.3 ENTP-4 REND30S MINK-1 
P63 ENTP-4 REND4 MEAS- 8 
P65 .1 ENRY- 9 REND5C MEAS-9 
P67 . l ENRY-16 REND? MEAS-9 
P67 .2 ENRY-16 REPLACE DPRC-26 
P77 BURN-31 REQDATX DATA-11 
P81 MINK-3 REQDATY DATA-11 
P82 MINK-3 REQDATZ DATA-11 
P83 MINK-3 REQMM DATA-28 
P84 MINK-3 RESETVHF VBDF-14 
P85 MINK-3 REST DINT- 15 
P86 MINK-4 RETARG PREL- 9 
P87 MINK-4 REVUP REND-19 
P88 MINK-4 REV37 GENP-21 
QRDTPI REND-23 RHCMINP DPRC -12 
QUICTRIG COOR-3 ROLLALRM DPDS -17 
QUIKREAD GENP-3 RO LLD AP DPTV-11 
R- TO-RP COOR-10 ROLLMATH DPDS-7 
RADSTART MEAS-5 ROLLSET DPTV-13 
RADUP ·REND-20 ROLLTIME DPRC-20 
RANGER ENRY-8 ROO GENP-19 
RANGERD MEAS- 5 ROPECHK TEST-4 
RANGERDl MEAS-7 RP~TO-R COOR-9 
RANGERD7 MEAS-7 R02BOTH IMUC-1 
RC SA TT DPRC -1 R21END OPTC -12 
RCSDAPON DPRC -1 R22 MEAS -4 
RCYCLR61 ATTM-19 R22BAD MEAS-7 
READACCS GENP-2 R22GOOD MEAS-7 
READCYCL ORVN-8 R23CSM OPTC -11 
READGYMB DPEN-1 R23CSM1 OPTC -11 
RECALTST DATA-33 R27GO MEAS-14 
RECTIFY ORBI-12 R27JOB ORVN- 8 
RECTOUT ORBI-10 R27JOBA DISP- 2 
RED AP DPRC -4 R31CALL DISP-10 
REDOPRIO DINT-12 R36 DISP-12 
REDORCS DPRC -1 R51 INFA-11 
REDOR22 MEAS-13 R51DSP INFA-11 
REDO SAT BOOS- 5 R51K INFA-13 
REDOTVC DPTV-10 R52 OPTC -12 
RED040.9 STER-7 R52C OPTC -12 
REFLASH DINT-6 R52D OPTC -13 
REGODSP DINT-6 R52E OPTC -15 
REGODSPR DINT-6 R52F OPTC -13 
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R52H OPTC-13 SIDE+ DPDS- g 
R53 OPTC -15 SIDE- DPDS-9 
R53C OPTC -16 SLAPl GENP- g 
R53CHK OPTC -15 SLEE PIE PREL-3 
R53Cl OPTC -15 SLEE PI~ TEST-9 
R53DISP OPTC -17 SMCDUR COOR- 4 
R53JOB OPTC-15 SMODECHK TEST-1 
R54 INFA-13 SNAPLOOP TELE-3 
R55 INFA-14 SNAPPY MEAS- lg 
R55RET INFA-14 SOMEERRR TEST-13 
R56 OPTC -17 SOMERR2 PREL-2 
R60CSM ATTM-2 SO PT ION TEST- 5 
R61CSM ATTM-15 SPNDXCK DPDS- 5 
R61TEST ATTM-3 SPSICOM MATH-2 
R62DISP ATTM-1 SP SO FF DPIR- 5 
R63 ATTM-19 SQRTTASK STER-10 
R63COM1 ATTM-20 SR30 .l DISP-6 
R64 VBDF-10 STABLISH DPIR-1 
R66CSM ATTM-23 STARTAUT MINK-2 
R67 ATTM-23 START.ENT ENRY-2 
R67RSTRT ATTM-24 STARTENl ENRY-3 
R67START ATTM-23 STARTFIX MEAS-21 
SAT STICK BOOS-6 STARTSB2 GENP-13 
SATSTKON BOOS- 5 START SUB GENP- 13 
SBTASK STER-g STATEINT ORBI-1 
SCALEPOP ENRY-3 STATINTl ORBI-1 
SCALPREP GENP- 23 STICKCHK DPIR-4 
SELFCHK TEST-1 STKTEST ATTM-lg 
SEND ID TELE-4 STOPRATE ATTM-13 
SEPMIN NNDF-6 STOR77 MEAS -21 
SEPSECNR NNDF-6 STRTGYRO IMUC-15 
SERVEXIT GENP-3 STRTGYR2 IMUC -15 
SERVICER GENP-4 SUFFCHEK CONC - g 
SETCOARS IMUC- 13 SUPERJOB DPDS-1 
SETGWLST PREL-4 SVCT3 GENP-26 
SETINTG MEAS -13 SWICHOVR DPTV-3 
SETI SSW IMUC - g SXTANG COOR-6 
SETJTAG DPIR-1 SXTANGl COOR-6 
SETMAXDB DPIR-4 SXTMARK OPTC -7 
SETMINDB DPIR-4 SXTNB COOR- 5 
SET RE COOR- 9 SXTSM INFA-9 
SETUP . 9 STER-4 s33/34.1 REND-1 
SETUPT6 DPDS-15 s34/35 .2 REND- 5 
SET VHF LG VBDF-14 s34/35 .3 REND-6 
SETWOt2 TELE-2 S3435 .25 REND- 5 
SFRUTMIX. DATA-19 s40 .1 STER-1 
SHOW TEST-14 S40 .1B STER-1 
SHOWSUM+-2 TEST-4 s40.13 STER-7 
SI COM MATH-1 s40 .14 DPIR-7 
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s40.15 DPIR-7 TR COMP DPDS-4 
s40.2,3 STER-2 TRG~~NBSM COOR-4 
S40.2,3B S'l'ER-3 TRKSTAR INFA-18 
s40.6 DPIR- 5 TRMATTCK VBDF-5 
s40.8 STER- 5 TSTFORDP DATA-14 
s40.81 BURN-27 TSTLTS3 VBDF-2 
s40.9 STER-6 TTG/ O BURN-29 
s41 .1 STER-8 TVCDAPON DPTV-1 
s41.2 DPIR-7 TVCEXEC DPTV-4 
S50 INFA-7 TVCINITl DPTV-1 
s52.2 INFA-7 TVCINIT4 DPTV-3 
S61.l ENTP-4 TVCZAP DPIR- 5 
S61 .1A ENTP-5 TWO PULSE IMUC -18 
S61 .1C ENTP- 5 T4RUPT GENP- 5 
S61.2 DISP-13 T5IDLOC DPIR-1 
TACHEXIT VBDF-7 T5PHASE2 DPRC-7 
TAKE2 MEAS-15 T5RUPT DPIR-1 
TARGDRVE PREL- 9 T6LOOP DPDS-15 
TARGETNG ENRY-3 T6RUPT DPIR-1 
TEMP SET DPTV-6 T6SETUP DPRC -24 

· TERMSXT OPTC-9 T6START DPRC-25 
TERM52 OPTC -15 UNZ2 IMUC - 9 
TEST LOOP ORBI-10 UPCONTRL ENRY-10 
TESTMARK OPTC-8 UPDATEOK UPLK-1 
TESTNN DATA-9 UPDATEVG STER-4 

( TESTTAU DPDS-8 UPDATNN DATA-11 
TESTXACT VBDF-1 UPDATVB DATA-11 
TFFCONIC DISP-15 UPDTCALL ATTM-12 
TFFELL DISP-17 UP JOB UPLK-3 
THISJAZZ MEAS-20 UPOUT UPLK-5 
TICKTEST DISP-5 UFRUPT DATA-1 
TIG-0 BURN-23 UP STORE UPLK-3 
TIG- 5 BURN-23 UP VERIFY UPIK-3 
TIGAVEG BURN-22 UTAREAl AT'IM-20 
TIGBLNK BURN-22 UTOPT45 ATTM-21 
TIGNOW BlJRN-29 VAC5STOR TELE-5 
TIGON BURN-30 VALMIS TEST-13 
TIMEDIDL UPLK-5 VARALARM GENP-25 
TIMERAD CONC-11 VBCOARK VBDF-3 
TIMES TEP ORBI-12 VBPROC DATA-29 
TIMETASK ORVN-9 VBRELDSP DATA-30 
TIMETHET CONC -10 VB RE SEQ DATA-29 
TIMEUPDT DPDS-16 VBRQEJCEC DATA- 29 
TIMING DPDS-14 VBRQWAIT DATA-29 
TNONTEST IMUC- 5 VB TERM DATA-30 
TOBALL ATTM-2 VBTSTLTS VBDF-1 
TORQUE TEST-13 VB ZERO VBDF-3 
TRACKTRM VBDF-8 VECPOINT ATTM-4 
TRANSPOS ATTM-7 VERB DATA-4 
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VERBFAN VBDF-1 WAKER GENP-24 
VERB96 VBDF-15 WDAGAIN DATA-26 
VGCOMP STER-4 WLOOP CONC-14 
VHFMOD MEAS-16 WMATRXNG VBDF-14 
VHFREAD MEAS-6 WOTNOW MEAS-18 
VHHDOT BOOS-2 WUNZMOR MEAS-16 
VNFLASH DINT-6 XCHSI.EEP DINT-12 
VNFLASHR DINT-6 XTRAP MEAS-19 
VNRSTART BURN-16 YAWDAP DPTV-8 
VN1645 BURN-15 YAWrIME DPRC -23 
VlN70DSP ORVN-3 YCOPY DPTV-9 
V37 GENP-15 ZERO JET DPRC -6 
V3~ GENP-22 l / CHECK IMUC-3 
V57CALL VBDF- 9 l / GYRO IMUC -3 
V60 VBDF-10 l / PIPA IMUC-1 
V61 VBDF-10 l / WLOOP CONC-15 
V62 VBDF-10 lSHOTCHK DPTV-5 
V63 VBDF-10 llDSPIN DATA-27 
V64PERF DISP- 2 2BLANK DATA-8 
V67 VBDF-11 2INTOUT NNDF-6 
V67CALL MEAS-3 217ALARM INFA-15 
V70UPDAT UPLK-1 5BLANK DATA-7 
V71UPDAT UPLK-1 72SHOWX ORVN- 8 
V72UPDAT UPl.K-1 8192AUG IMUC -17 
V73UPDAT UPLK-1 
V76CALL VBDF-12 
V77CALL VBDF-12 
V82CALL DISP-3 
V82GOFF1 DISP-4 
V82GOFLP DISP-3 
V82GON1 DISP-4 
V82PERF VBDF-13 
V83CALL DISP-10 
V83PERF VBDF-13 
V85PERF VBDF-13 
V86PERF VBDF-13 
V89CALL ATTM-1 
V89PERF VBDF-14 
V89RECL ATTM-1 
V90PERF VBDF-14 
V97E BURN- 26 
V97P BURN-26 
V97T BURN-26 
V99E BURN-27 
V99P BURN-27 
V99T BURN-27 
WAIT ONE MEAS-13 
WAKEP62 ENTP-4 

X-10 


