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SOFTWJ\Hl•: CONFIGUl{A'fION M/\N/\GEMl~NT PLAN 

' • J. I " \ • • ~ • . • • • 

ABSTRACT 

This document (E - 23.45) is a description of the MIT/IL Software Configura ­

tion 1\fanagement Plan being employed on the development of Apollo mission flight 

programs. Its purpose is to describe the necessary procedures with which effective 
- . . 

software configuration management and testing can be realized . 
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IN'l'HODUCTION 

l. l l 'U lll 'OSJ~ 

This document is a description of the MIT /IL Software Configuration Man­

agement Plan. Its purpose is to provide the necessary controls with which effective 

software· configuration management can be realized. Effectively applied, these 

procedure s will contribute significantly to the task of generating quality Apollo mis­

sion flight programs. 

1. 2 SCOPE .. 
The established methods presented herein are designed to effect the 

release and revision of technical data necessary for the fulfillment of the design 

re sponsibili ties gerrnane to the Apollo mission flight program effort . As such, con­

figurati ori control as employed by MIT /IL is devised to be complete to the point of 

manufacture of the Apollo mission fli ght programs. 

1. 3 GENERAL 

The flight programs consist' of two sections, a "hard wired" memory and 

an "erasable" load. Developing the programs consists of me.lding requirements, 

desi gn in g, programming , testing and qualifying a multitude of equations and ·pro­

cedures for mission computer operations. In order to control the input to the 

a,ssembly, e ~ch mission flight program is ass i gned an identifying name.· The 

"assembly" in this context is the flight program as compiled on the general pur-
. . 

pose. digital computer. ,\ ' · · 

I 

Assembly names assigned to date are : · 

SOLARIUM 

SUNBURST 

SUNDISK 

_, 

The flight program for unmanned Command 

Module earth orbita l missions. 

The flight prog r a m for unmanned Lunar i\ludule 

,earth orbital missions. 

The flight program for manned Command l\lodule 

earth orbi tal missions. 

1-1 
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SUNDANCE 

COLOSSUS 

LUMINARY 

The flight program for manned Lunar Module 

earth orbital missions. 

The flight program for the Command Module 

-containing full manned lunar mission capability. 
,.-,f l- t i, i -. .. ,.J \ 1.,., . · -~- .• 

The flight program for the Lunar Module con­

taining full manned lunar mission capability. 

A management system for control of flight mission programs rests on the 

effectiveness of organization responsibilities, decision processes and document 

procedures. A flow chart illustrating the evolution of proposed new conc.epts and 

changes pertinent to flight program development from inception to flight status is 

shown in Figure 1-1. 
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SECTION.! 

ORGANIZATIONAL STRUCTURE 

2. 1 MISSION PROGRAMMING SUPPORT STRUCTURE 

The Project Manager is the heart of the organization for any particular 

mission flight program, The effectiveness of other procedures are also largely 

dependent on the Project Manager's energy and ability. To insure overall authority 
I • I 

and review competency, a formal weekly meeting with the Program Director and/or 

the Technical Director Mission Development is scheduled . 

. The design, development and control organizational structure supporting 

flight mission programming is shown in Figure 2-1. 
I 

The Program Director and the Technical Director Mission Development have 

, the responsibiliti'es fc,r: 

( 1) the timely delivery of the assembly, SIM Flight, erasable loads, and 

associated specifications and/or descriptive material, 

( 2) the quality of the MIT /IL product, 

(3) establishing and maintaining reporting procedures, 

. (4) providing an authoritative customer contact point, and, 

(5) gaining visibility into the software effort for the customer as well as for 

MIT /IL management. 

In order to implement the foregoing items, the Project Manager has the 

authority to: 

( 1) . expedite the timely delivery of the assigned computer program assembly 

by: 

a. '·making decisions on program imp,rovements, 

b. directing that additional per:::.onnel or resources be applied to 

t i project, 

_; c. n11tl101·i:t.ing ovoctiin,, or i~xtr:101·clin:1ry MIT /IL staff effort ;rn 

2-1 . . 
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(2) 

digital, testing or cod ing , etc., as required . 

assu1·e the quality of the MIT /IL product by: 

a. establishing control d_ocum ents, 

b. establishing boards (or committees) of design and review, 

c. c s t:1blishing control and change procedures , 

d. suggesting operating procedures to enhance dissemination of 

information and proj ect -wide understanding, and, 

e. ·establishing coordina ted test procedures . 

. (3) establish and maintain reporting procedures; that is, 

a . negotiate reporting for mats with the customer, 

b. require certain inte rnal formats for scheduling and charting of 

the several group activities by the groups, 

c. require s upport of administrative personnel in preparing develop -

111e11l p l:i 11 :r :, n ncl, 

d, ,!11 1d1 · 111· 11pp11l11l ,, 1•1111l1·1111111 ,i1· J11l.n1·dlvl1d11111il 1111111Li1q1 11 1111 1·n ,piJ1•nd, 

( ·I). p1•11vldn 1111 1111il1111•l111Llv,1 , •11 11111111111• 1·1111l.111 :I 1111·11111~11: 

11, p1·0, :, 111il 1q\ nll MI'l'/l [, nnd NA S /\ 1nitl11lod 111·0 ~•.1·a111 e l1a1q: u11 (i11elud· 

l1q i, c ::01•), 

l1, 111•,1vl dl1q ( 111 11 ~: ln p11l11l ,,r 111: l111dulo 1p1011&1.J1111 :1 1111d c: li1111go 11 111 ,1c :<,pn 

of offol'I., 

c. dele 1·rn ini11g prnpc1· points of contact for ex cha nge of i11fu1·11 1atlon 

and direct ives between MIT /IL and NASA ;,.nd between MIT /IL and 

the associated contractors, and, 

d. seeking NASA commitment concerning critical data, negotiating 

·delivery dates of NASA furnished data. und equipment, and informing 

NASA of need dates. 

(5) effecting visibility by: 

a. requiring organization c ha rts from all the working groups, 

b. requiring written progres s reports on a scheduled or occasional 

basis, _and, 

c. requiring flow chart procedures of a detail sufficient for control 

and visibility. 

The Project Manager reports to the Tec hnical Director Mission Development 

and, in discharging his responsibi lities, he maintains a broad and thorough technical 

knowled ge of the program. He exercises care that directions are given within the 

c riteria of what is to be done while avoiding detailed involvement. 

2- 3 



2. 2 REQUIREM8NTS 

Many NASA / MSC documents. meetings, letters of direction, and other forms 

of communication provide the base for mission flight programs in the early stages of 

development. Special NASA documents as listed below provide the basis for developing 

the specification for a particular mission program: 

( I) f'.1111q11iln1• S11l'l.w 111·0 1lllrpil1•1q11"1il :1 l>rtC '. IIIIH!lll, 

( :!) M l r11 d1111 lt P•l'ill'fllll<'lll.11 I )11t '. lllllr.l1l 

(:l) llcf_erencc Trajectory 

(4) Mission Data Book 

(5) Performance and Interface Specifications (P & I Spec.) 

(6) Interface Control Documents (ICD's). 

Thes e requirements are distributed to the responsible engineering groups as 

basic information to be used in developing a specification, with control of applicability 

and chc1nges bein g vested in the Systems Engineering Division. 

The Systems Engineering Division, the Space Guidance Analysis Division, the 

Mission Program Development Division, and the Display and Human Factors Division 

at this point have the responsibility for µ::.in ning and developing a Guidance System 

Operations Plan (GSOP) which, when approved by ASA / MSC, is tne detaile_d specifica­

tion for a flir:ht p1·01.:1·am. Development and c ontrol o f this specification (GSOP) i s the 

fi1•:;t critical pll :1s ,i i11 pla1111in1( lllo 1·olea1.;c or a fli1~ht JH'o1~1·arn . 

. . 
I 

/. 
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SECTION 3 

· GUIDANCE SYSTEMS OPERATIONS PLAN 

3. l SPECIFICATION CONTROL 

3. 1. l General 

The Apollo fli ght computer pro gram specifications are the Guidance Systems 

Operations Plans (GSOPs}. The GSO P is designed to cover in practical detail all the 

elements of data necessary for developing th e G & C Syste m flight program. The 

internal control of this specification unde r the aegis of MSC is covered under the Change 

Control section as a most important ele m ent of the management system. Figure 3-1 

shows the relationship of the GSOP and e lements of program design phases. 

The complete GSOP consists of the following sections: 

Section l 

Section 2 

Section 3 

Section 4 

Section 5 

Section 6 

Prelaunch 

Data Links 

Digital Autopilots 

Operationa l Modes 

Guida nce E quations 

Control Data 

These sections are assigned a s follows: 

Section I 

:-:1idio11 :1 
Section 4 

Section 5 
Section 6 

SyA1.c rn T N, t DiviFiion 

f:y :111111 1 1•:11/ :l 11,•111•i1q'. l)lvl 1il1111 

/\11lop i l11l · I k v1 dop111c11l (; t·oup 

Sy81.c m En ginc erihg Divi s ion 

Guidance Ana lysis Division 

Support Program Development· Division 

T hese assignments are for the generation of the sections with the· overall 

responsibility for coordination and compatibility remaining with the Director of the . 

System Engineering Division. 

NASA/FSB is responsible for the content of all GSOPs. The NASA Pro gram 

Engin~er has the 'authority to approve documentation improvements without N_ASA /SCB 

appr<;>?al. 

3-1 
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'I'll<' r,,ll11 wl11j,! Pl'lll)fldlll'<'(I dl'1 11 · 1· il,n 111<' c111il.1·1d 11f p1·111,w1.-,d Pllli 1111!11111 ·11,od 

1'111111f'.11/I 111 1111• i'llglll. 111·111-'.l'lllll 1q,nl'!fl, ·1 d i 111_1, l.l111 ( ;: ,< ll ', 'l'l1t11111 pl'11< ·c•di11'1'11 111 ·11vldn 

fl. 1110:it Ht fu1.· M l'l'/11, lo l,o 1•n:1po11:ilv, , Lo M~,C 1'<Hp11i11t:1 wlll1 full 1·ocu1.:11JlJ1111111' ll,o Jin· 

p:1d under ;iny conditions; it permits MIT/IL to pro pose c~1:rnges, and prc,v id<:s for 

propc 1· implementation when duly authori;:e d . Coordination by the Project Manage rs 

and the management group in handling thes e c hanges provides, additionally, a means 

of ii §§§ ~§ i!~ ~ tlH~ imp§.G t Oft Btht'l f Pfl:l ~filfiHl afld pg§OUfc~§·: lri@rl:! ij::~ shc!WB ll-ie flaw 

relationship of the specification changes between MS C and MIT /IL. 'Figure 3 - 3 illus­

trates the PCR and PCN internal flow process. 

After approval of the GSOP by the NASA/MSC , changes are requested by means 

of a Progra m Change Request ( PCR) form which must accurately. de s cribe the change 

required. Editorial comments from NASA , however, can be submitted to MIT /IL in an 

inform a l manner a nd not as part of a PCR. The originator of the P C R containing "NASA 

Comments" should attempt to restrict the PCR to individual programs or routines in . . 
Section 4 or subdivisions of the other section·s of the GSOP in order to ·reduce the size 

of the individual PCR and allow greater flexibility in negotiation and coordination of 

c han ges. 

After a MIT /IL proposed change ha s been defined by the ori ginator on a P CR 

form, it is submitted to th_e Project Mina ger for a brief review tl_1at decides whether 

the change warrants a Program C ha-~ ge Notice (PCN) or a Program C hange Request 

(PC R ) status. The PCR is a request by the originator for-incorporation of a proposed 

~hange. A PCN can be a notification of clerical corrections, or a notification that a 

change is to be incorporated without which further program development could not pro-. . 

ceed. M:IT /IL Project Managers s hall inform th e ·NASA/FSB Program Engineers oi __ _,__ __ ---- ·--- ----·-- --- -- -- -~ ·-------- ----·- ·-· .. 
PCNs b e ing impleme1_1t e ~, but the de tailed explanation of the change and method of imple-___. .. __ .,. . , .. ~-
mentation shall be done at the MDRB mee tin gs. For additional information about Pro­

gram C hange Notices , see Section 3. l. 6. 

The only d i fference in the PCN form from the PCR form is that it is stamped 

"PCN" at the top to indicate that the st~rt of implementation may occur prior to re­

ceiving written dir•ection from the NASA Apollo Spacecraft Software Co nfiguration 

Control Board (SCB). The PCR or PCN is given a NASA control number and recorded 

in the PCR/PCN Log. At this point, the Proj e ct Manager can reroute the proposed 

change to _the originator for cancella t ion, correction, or revision. 

I 
,, -P- cifi c ;ition ch:-inge pro po s:1. l s , whether MIT/IL or MSC ori gin:1.tcd, :ire sub·-

11\il1r1,I d H 1 •( 'l: :l llil', )111-'.ll tll,, n pp1·n1w1 n t,1 , ·l, nnn,11:, lo 111 ft fli g ht n,lflw ,,r,~ hr :1 1wl\ r,f 

1,•; ;1, ( 1\1 ::c '. l•'ll1:l1I ::11p1•111 ·L l) lvl 1d1111) "'""' '" II In ('V11l11 ,~tPd r111• l11 c· l1111,· ,d 1•111i°l111il. l'C' l( n 

ll l>l 1•c•l·c•ivl111: ap1u ·ov;d ;11·0 1·d111·11 ti d Lu lli o u1· i1: l11 ;1lu1·, l 1Cl( 1:1 1·o ce iv!111: ).' (.>I> :1pprqv ,d 
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TO MIT FOR 
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Approved 

Dal a fax lo MIT 
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2. FSA shall acid vi s ibility Impact lo th• maste r PCR 'a 

Oisopp r ove rl PCR 

NoWy MIT 
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STF. P 3 
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,will be given a preliminary recommendation to the secretary of the Apollo Spacecraft 

Software Control Board and held for the next meeting of the SCB. 

In some cases, depending upon the merit of the proposed changes, the secre ­

tary may datafax the PCR and forward a copy to the appropriate Project Manager at 

MIT /IL to obt::i.in a "visibility impact." This visibility impact is a subjective judgement 

made . by the Program Manager taking into account the problems the change may intro­

duce a nd also how the change might impact the subject program delivery, which can be 

dependent on the approval route that is taken. This visibility impact is presen ted by 

the MIT /IL representative at the next SCB meeting and is· used to help the SCB decide 

on the disposition of the PCR. It is u ride r s.tood that the effort involved in determining 

the visibility impact is slight and should cause no delivery schedule impact i n itself. 

For this tson some uncert::i.inty associated with the visibility impact is possible. 
I 

M1T/IL ori1:innlod Hpt!dficnlirn1 cll :1111 :c propo1rnh1 will lH: Huh111illl:d ai; PCHL:J 

to the secretary of the SCB along with vi::;ibility imp::i.cts for the changes. 

The PCRs available for the SCB will rec·eive one of the five possible actions 

by the board: 

( 1) If a PCR has not received a vi s ibility i_mpact, one may be re quested 

from the secreta.ry b.efore further action is taken . . 

(2) The board may re quest a more detailed evaluation from MIT if the 

visibili ty impact on a PCR is uncertain and further detail on the schedule effect is 

desired. T his action in itself can be t he cause for a program de l ivery .schedule slip. 

The estimate of such a slip should be given in the earlier visi bility ·impact . This 

NASA caused slip will automatically cha nge the delivery target date by the associated 

num ber of ·days. T he slip in question is cau s ed by the necessary involvement of the 

w9rking team in determining an accurate cha nge impact for the PCR. The PCR with 

a detailed evaluation i s r eturned to MSC prior to the next SCB meeting, if possible. 

If the detailed cv::t luation impa ct is subsequently accepted, the bo::lrd will then 

e11tlor~;c: th,: i>CH with an ~1irnpk11H:11t" clit· c c:tivc . The PCl1 schedule im pact appca 1• :; 

UH on cxto 11 :1ion of t11, ? l:tl'f{t!t date: on til e ci, :vc lo pmcnt plnn, 

(3) ·The SCB mn.y direct MIT to m a ke n. detailed eva luation a11d implementa­

tio n concurreritly . I.~ this case, the detai led evaluation will not be avn.iln.blc until an 

extcmiive effort to implement the change has resulted . Shou ld the P CR then indicate 

more im pact than the bo::i.rd wishes to accept, the PCR will be endorsed with ::i. "stop" 

. action t o terminate furthe r acti.vity on the change , However , schedule slippage up to 

the "stop" action may have accrued, 

('1) '1'110 IJ1>:in l 1111,y alim l111·11 <111w1, 11 p c11po 111 11' 111 11 1 lll n l'C ll. 1:ot1-1 1J1Hlur 11 1•d 

"Jl t;, q11H· ,w 1:c1." 
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3. 1. 2. 1 . PCl1 Intcn1al Procedure 

: Wh en the pr.oposecJ change is given PCR status , it is typecJ on the standard 

PCR/PCN form, as::;ignecJ a NASA control number ancJ logged into the MIT /I L internal 

PCR/ PCN Log. The P CH. now is returned to the Project Manager for vi sibility impact 

and the app ropriate Divi sion Director' s concurrences . PCRs originating at SCB are 

abo lo ggl)d into llH~ MIT/IL Intern:il PCl{/PCN Log :ind subjected to the same control 

procedure :; :is those emanating from M IT (sec Figure 3 - 3) . 

Upon being ass i gned a visibility impact by the Project Manager, the PCR is 

disseminated internally and sent to the responsible NASA Program Engineer unde r an 

"AG" cover letter . SCB action results in one of three directives that affect PCR dis­

position: 

( 1) implement and provide a detai led evaluation , 

(2) provide a detailed evaluation, or 

(3) disapproved . 

With one of these directives affixed to the PCR, it is returned to MIT and logged into 

a PCR Status Report and di st ri buted internally. 

3. 1. ·2. 1. 1 Implement and Provide Detailed Evaluation 

If the directive is to "Implement and Provide Detailed Evaluation , " the Pro­

gram Manager convenes a Technical Design Committee to respond to the PCR. 

The Technical Design Committee is an ad hoc committee to the extent that it 

is -compri~_ed of those mission development division directors or representatives 

deemed necessary hy the Project Manager to accomplish the effort . Such design chang e 

· 0.ffort m:iy r0.cp1irc• til:il MS C help with the dct::li ls, This optimizes tile MSC change intent 

wi th tli,1 i11 1p ;11 •t "i' 11ri'" 1'I n n tl 111 word l,11d1(•~t 0 1• p1·1q '.r:1m :iclH' rl11 l n , Tl11 , p1'rH l11<'t nf 1J 1r, 

' J'11, 1l11ii, 111l 11 .. ,.i, ,_11 1 '1111111tlt l111 1 Il l i'" lljlltll/111 111 II I'( 1 1( l,1 11111 111 ·11II 111' ,·l111111 (" Jl il Hll/l 111 11111 

, ,:;, )I-', '1'11, 11111 1, 1, 111111111111' ,v , ;::, )J' Ji ll/', " " 111'11 1111111 i11 ,:11 •1 l,11l11tl 11, 11111111l,111 •,, 111' 11111 l\·1111 1>1111 1 . 
IJ•• r-tlw 1 i( PVi"w 11,,:11•,I ( I\-I IJl{l1) 11111 1 w ,,,.11 111 11tl v11111 ·1• _,i1· 111" l'v llll(II 1111 1 1'1! 111(, 

Tile l\1llltl\ l':lll lake OIW or two CU\l l' SCS ,ir ;u:tio11; it c; 111 ;1pp1·ov1i 11 11• l'CH ;111 d 

associated change p;:iges, or it can re turn them to the Technica l Design Committee for 

correct ion o r revision . If approved, the PCR containing the detailed evqluation is dis ­

tributed internally and sent to NASA/MSC under an "AG" lette r. Individual prepublica­

tion change pages a re collected by the Systems Engineerin g Group ( 2:{S) and fo rw a rd ed 

to the Project ,\1anager who authori zes the GSOP update package, It is then ready for 

publica tion. 

However, upon receiving the deta iled evaluation from ;\1lT /IL, th e SCH ca n 

exe r c i se its prerogative to stop implementation. It is then t he responsibility oi tile 

Proj ect Manager to t ake appropriate action. 
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3. l. 2. l. 2 P1·nvide :1 net:1ilccl Evaluation 

If the di r edive is simply to "Provide a Detailed Evaluation," a Technic:.:al 

Design Commitke is convened as above. T he pr elimina ry change design is established 

and the detailed evaluation assessed. The Project Manager then convene s the MDHB 

which either approves the PCR or sends it back to the Technical Oesi g11 Committee fo r 

1·n:11ifll':1:,111,•11I. 1pp1·ovnd, t.111! PClt d, :t. n il, •il · ,·v:1l11:ili<,11 i: : di 11 l1·il>11L,:il i11t,:1•n .1 ll y :111d 

n~11t. l11 Nf\:;f\ /r-.1 : ;1 / 1111tl,•1· 1111 ''Ac:" 1·11vp1• IPll••1·. N i\: ;/\ w_ill c,i!l11 •1· 1111-1 111! 11 "1 ◄ t,,p 11 ili1·"• ·­

live 01· np111·11v" 11,,, l'Cll. 

!3, 1, 2, 2 l'CN l11l1 •1·11;1 J l 11·nced111·c) 

When a p1·oposcd MIT /IL change is giv<!n PCN status by the Project Manager, 

it is typed on the standard PCR/ PCN form, assigned ·a NASA control number and logged 

into the PCR/ PCN Log. The Project Mana ge r may convene a Tecl:mical Design Committee 

to establish the preliminary change de s ign and to asse ss the schedule impa ct of the PCN . 

The propo sed change must be cleared,thro·u gh NASA/FSB . Whether or not the proposed 

change involves a schedule impact, the Project Manager and the necessary div i sion 

directors initial the PCN form to authorize the sta rt of coding changes. The group con­

cerned ( 23A, 23B, 23C or 23S) prepares the preliminary GSOP change pages and the ---
P r oject Manager circulates the proposed c hanges to the MDRB members for revi ew . 

Change pages shall be made available for review by the MDRB members one week ;,1 

advance of the M DRB meeting. 

The MDJ1H can require that the GSOP change pages be revi se d by .the T ec!1il ical 

Des ign Committee or it can approve them . It is then s ent to the sen with a detailed 

evaluation. 

Software Control Board approval of the PCN takes plac e nftcr th e ;\JJ)l{H 

-.~npproval and is not mandatory prior to tl11i release of i l1 c ,:lmni:io prt go~ for full .di1-1tribu ­

·tioh as a revision to the GSOP. SCB action can result in a disapproval tlius returnin g 

the PCN to the MD Rn for other action to correct the cldiciency, or it can be nppro,·cd. 

Individua l chnnge pngcs arc collected and forwnrdcd to the Proje ct 1\1:rnagcr. lie 

authorize s tilt! C SO P update package and il bcc0mcs re:idy for publication. The p.ub ­

lished pacl,:lf'. C ()I' JJrof~l'nm Chaili.:e Specificatio ns (PCSs) to1~cthc 1· with 1 he current 

GSO I' l,1:c<,1111': : tl11: 11, iw :,p1:t:ificalio11 1'01· p1·01\ 1' ;1111 tl,:vt:lopm1:nl . J:,t tilt: ti1n1: of p11l,ll­

cation, the full packa1~e of JJCSs is surnmadzed in a C:·,01 ' change summary and distri ­

buted to t he holders of the GSOP. See Section 3. 1. 7 for GSOP change procedures. 

3. 1. 3 NASA/MSC Software Confif:,oUra tion Control Board 

The NASA/MSC Software Configurntio n Control Doard (SCB) is rcsponsil.Jle fo1· 

the specific"'tion control of the command mo du le computer ilight programs and the lunar 
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module con,puter flight programs (GNCS and PGNCS). Specifically, the responsibilities. 

of the board arc as follows: 
' . 

( 1) The SCB is responsible for all changes to the MSC software requirements, 

the approved program· specifications, a_nd the computer programs assemblies placed 

under configuration control at the First Article Configuration Inspection (FACI) . 

(2) The SCB has the authority to approve waivers of software requirements 

which a:re not successfully implemented as indicated by the unsuccessful completion of 

the software contractor's verification testing . . •· 

_SCB membership is comprised of the organization chief or his duly authorized 

representatives from· each of the following areas: 

Flight Operations Directorate, Chairman 

ASPO CSM Engineering 

_ ASPO LM Engineering 

Guidance and Control Division 

. Flight Crew Supp?rt Division 

Mission Planning and Analysis Division 

Flight Control Division 

.Flight Support Division 

Flight Crew Operations Division 

Bellcomm 

ASPO Guidance and Propulsion 

The SCB is chaired by the Director of Flight Operations who has the responsi­

bility of making all official board decisions and may at his discretion request NASA 

contractor representatives to participate in SCB activiti_es . The Flight Software Branch 

of FSD provides secretarial services and has the responsibility to coordinate and imple­

ment the decisions of the SCB. 

-Each member is charged with the ' responsibili_ty of representing the interests 

of !;is organization and to.act as its approving agent. 

3 . 1. 4 ~~ission Design Review Board (iVIDRR) 

~•1:; l'/II, cr,11°l1•1)1:I tli,1 ill1'0l'j)tll'illi1,n nl' 11\1:1!-don program rnq11i1'P.1)1f:n!H into "t.l1i, 

11ll :,,,i ,111 jil'••,•.1·, 1111: 1 1·!11·1111 1:li tl,, 1 ,,,·111111 11 111' ;1 1V1l:.ril 1111 l>n,ilg11 lf11vl11w l\11111·d (IVll>l(II), Tliil:l 

J;1 :t t",11 ·1111111 ,'I ,·,1111alll11tii,I l ,o1,11·,I , ·11111il :fll1111 .,( 111,~ tl.ll'•11 · l111'ti 111' 11111,i' ll1ii 11 11llw111•11 f-:l '111q,r, . 

:uid li;t.Y LIH) f11m: lio11 or appt·ovi11g, i11lcl'l1ally, a1l 11d:a;iu11 relaleu ducu111c11taliu11. 

NASA/FSB Program Engineers will be members and attendees of the MIT /IL MDRB , 

and shall perform the same function. 

· As chairman of the MDRB, the Project Manager ~fa mission program is 

charged with the responsibility of coordination and participation to insure proper , 

processing of control documentation. 
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The specific function of the MDRI3 is to /rrovide a mechanism for internal 

coordina.tion and change control of mission relatci:d a.ctivities. The change forms 
. • I I 

described in Section :i. I. 7 a.re u1::ied in ma.king interim revisions to GSOPs and in 

documentin g departures from the published GSOI~ until such time as MSC approved 

changes are incorporated · in official revisions. 
I 

I. 
The membc1·ship of the MDRI3 is c7mprised of the following Division Directors 

or their designated rcprcsenta.tives: 
. . "" 

3. 1. 5 

( l) A Project Manager (Chairman) 

(2) Systems Engineering Division 

(3) Support Program Development Division 

\4) Spa.ce Guidance Analysis Division 

(5) ::v'Iission Program Development Division 

(6) Display and Human Factors Division 

Pro gram Change Requests ·• 

3. 1. 5. 1 Genera l 

Each proposed change must be written on the approved PCR form and approved 

by the board member representing the originator's organization prior to submittal to the 

SCB secretary . The originator must indica.te clearly on the PCR the intention, objec­

tives, and justification for the change. Failure to provide this information could result 

i11 n d,i!ny i11 1,lii;iini11µ; ~;r:n nl'l.lc,n, Ml'l'/l 1, i'.:ill11, 1• :; Lh ,, app1•nv,·,,l JY'.Jl:1 r,ncl c,n it p;wl<rq,:f1 

l,:rnlfi ,·li:111,U! fl ll1P l:uid 11111:r1 : :_yr;tr1111 ()pr•1·aLl1111 1-1 1'11111 (t:::u1 1 ) 111 lll'.l'.Ut'da11cn wltl1 l'l'.I{ 

dlrccllllll, 

3.1. 5. :-1 !'C it Origi11;ilion 

A PCH. may be ori ginated by the software contractor (MIT /IL), by any organi­

zation at i\1SC, or by the Office of Manned Space Flight (OMSF). The MSC organizations 

will normally gene rate PCRs only for changes in areas for which they have prime 

responsibility. 

A PCR is originated by completing a PCR form (Figure 3-4) and submitting 

it to the SCB secretary. Care must be taken in completing this form to assure that 

sufficient data is given. Failure to provide sufficient data may be cause for disapproval 

of the PCR resulting in lost time and effort if the PCR must be resubmitted. 

Full justification for the change is particularly important. The statement of 

rea son(s) for the change ( PCR form, Block 1. 5), i n addition to being clear and concise, 

should cxpla.in how the successful completion of mission objectives is erih::.1nccd by im -

p] e;n,.1it.i 11 1( t.l1r: pr1,1ir1 1~ Pd r:li:1111 \r', T!H) d1 !:•:<"1'ipli1111 of l111: clla111:1: (l\lock I. (i) al:-o silpu ]d 

1,n •·111111,l .. tn, Ti111 1•l1111 ·11, · tr1, · i,di, ·1, 1i1· 111n ,.-.. r1w111 ·11, 111 1 1'111•,, 111n 1'1'111111µ11,I , · 1111111: •' llfl w11ll 

fltl 1.ft ,11 ·, ,,l,,1111,1 11,11'1111d ly 111 , d,,;11· 1·11 .. -.J 1it1 iJ , · n1,q,1t 1'lh 1i11 l1;1111•l I 1111 1'111' I ii,• ,·i1 1111g11 , 
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3.1,5,3 Program Change Request Form 

The PCR form illustrated in Figure 3-4 serves as a cover sheet for the 

PCR document and remains with it through final SCB action. The original PCR is held 

throughout this action and is ultimately filed by the Flight Software Branch. Copies are 

made as required for distribution to board members and the software contractor. The 

deci s ions of the sen, as indicated on the PCR form and authorized by the signature of 

the Chairman, become directives to the software contractor. 

The Data Amplification She et (Figure 3-5) may be used to provide additional 

information when the space available on the PCR form is inadequate. 

3, 1, 5 . 4 Visibility Impact Evaluation 

When MIT /IL originates a PCR, a visibility impact evaluation of the proposed 

chan ge by the Project Manager is included on the PCR form (Block 3. 0). This is a 

statement of the probable impact of the change on software schedules and computer 

permanent memory storage capacity and of other significant effects . 'rt is a cursory 

evaluation based on experience and is not expected to be com·plete or entirely accurate. 

The impact of completing a thorough evaluation should also be stated . 
... -· ···-~- . 

When the PCR is originated by OMSF o_r MSC, a visibility impact evaluation 

may be r equested of the MIT /IL Proj ect Manage r by the FSB or the SCB utilizing 

Block 2. 0 of the PCR form. The visibility impact is presented by the MIT /IL repre­

sentative attending the SCB, Block 3. 0 then being completed by the FSB secretary. 

3. 1. 5. 5 Detailed Program Chan ge Evaluation 

The detailed program change evaluation: (PCR form, Block 5. 0), is made by 

MiT/IL , f ' ~n directed hy the SCB (PCR form , Block 4. 0). This is a detailed descrip-
.. 

tio11 ,.i· 11\,• _· li11ng o 11nd ,, tho1·0111.'. ll nvnl11 n l inn of it..L: d f, !r.t nnd iinplir.nlion,-; nn p01'for-

11111111 ·P, 111• l1,•cl11l<' 1l , 111!•111111',Y 11 1,,1·:11•.o, 1·11:111 1, L1°:il 1il1q:, p1 •111: 1•111 11 l1iln1·1'111•, 1 :1 , t, 11d pl 11 11 /l , 

and ,·,:v1cw:, . IL i:; 1•cq11l1~• :cl t'u 1· :di l: li:u11'.•::1 l11a l ;1n: l.o IH: i111plc1n,:11kd ;11111 111 11y a l 1io 110 

reque sted by Lile SCB without authori z ing implem entation of the change (PC!{ fonn, 

Block 4. 1) . MIT/IL submits the evaluation to the SCB secretary by AG letter, with 

reference to the PCR by number and ti tle . 

3. 1. 5. 6 Mandatory Change 

The implementation of any change to an approved software specification. or 

. controlled program requires SCB approval. However, MIT /IL may begin work on a · . 
software change prior to receipt o f SCB direction when , in the opinion of MIT /IL and 

the FSB, the cha n ge fulfills the following conditions : 

( l) The change is obviou s ly app r opriate and minor in nature (no schedt;le 

_impact), or 
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Fig. 3-5 D;1ta Amplification Form. 

3- I 3 



-·, . ... 
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(' ll H (' I\ l I; l I ' 

'rllis i1, an ex1·0.pt.innal proced11re to b0. us0.d only whc:n r;Jc;i, rl y ii pprorri ,1 t.r: 

and onl,v by ;1grec1ncnL w ilh Lile l•'li1~ht Soflwan.: H1·anc l1, 'J'he ch.:laill!cl ch;,.nge evaluation 

is alst) und1~rt ;1ken pl'iot' Lo sen directio11 and :; imullaneo1wly with work ()fl tile ch,1ngc:, 

J1i:;t1·11 c liun :-; i'c,1• p1·cp;, 1'ing pro,:1·a111 cll::i.111:e requl!Ht l'or1n:, 1<1'<: 1a·r: Ht:nLccl in 

Lhis section. Block nun,hers pcl'lain to the PCR form, Figure 3 - 1 , The procedures 

l1ow is illuslra t cd by Figure 3 -3. 

Block l . 0 - Completed by Originator 

Block 1, 1 Entry 

Block 1. 2 Entry 

Block I. 3 Entry 
"'' ' ', ''' . \, 

·, l l''.' 

The name of the individual originating the r equest . 

The date on which the PCR is completed and sub­

tr;iitted for organization app rova l. 

The name and office s ymboi o i' the cogn izant approv­

ing organization (MSC Divis~on, MIT /IL Division, or 

o;vISF ) must be one of the following: 

Flight Operatio,, s Directorate 

ASPO CSJVI En ~ineering 

ASPO L NI En ginee ring 

Guidance a nd Control Division 

Mission Plan r.ing and Analysis Division: 

Flight Crew Suppo rt Division 

Flight Contro. Division 

Flight Suppon Div i s ion 

Flight Crew O jJe r a tions 

OMSF (J3ellcomm ) 

MIT /IL 

Name of the SCB member o r .:1:: ,: . nate from abov~ 

organi zation app rovin g th e r eqL.c~ l. 

Date oi r eque s t approval by the ori ,, rnating orgar.i ,·.:i -

tion. 

,Identify the CV!C or LG C com;:n;te;· program Sj)ecif~ -

cation affected by t his ch.:1n g e . :; <.:;; ;11·ate PCR. s sl·,a: l 

be prepared for each progr;:.m l:l·,angc reque s t. A 

prog ram ch ;:,r, 1~ ,: nav; i, 1; 11. .. ,: ·.p: ,·: ~f:·ectivi ty sha ll ·11:1 ve 



.. 

j 

Block 1. 4 Entry 

Block 1. 5 Entry 

Block 1. 6 Entry 

NOTE 1 

NOTE 2 

NOTE 3 
, I, ,-~ I • . ' 

the same basic PCH number. Each program affected · 

by said chan_ge shall be ai:;signed a decimal of the 

basic number. 

A descriptive title for the change. 

Provide sufficient definition to justify the proposed 

change . Include, if appli cable , how successful accom-

. plii:;hment of m is sion objectives was enhanced by the 

/ change and/or consequences of not making the chan ge , 

The description of the change shall clearly indicate 

the intent of the change; i.e., how it is to affect 

program functions, performance, or interfaces. 

Logic dia grams and similar information may be 

included, if desired , to illustrate a sugge s ted m e thod 

of implementation . The software contracto r will not 

be constrained, however, to this particular method. 

If the PCR is originated by MIT /IL, Blocks 

. l, 0 and 3. 0 are completed a t the same time 

and Block 2. 0 is crossed out . 

If work toward implementation of the change 

hn s hi:0. n st.. rlccl hy MIT/IL with FSn concu r-

1•11 111 ·11 1,111 wlil1111l1 ; :r: 11 ill1•111·1i1,11, 11 1i l ;.t111, 1rint 

111 111111 Pi'i
0

111 •I Ill Plii•'l'Pii i 11 1111 11'11 :1, ,j l11i(Pll1ri 1· 

w1ll1 1.111 1 1• xpn1:l.ntl l'C~i t'0111jolnll 1111 d11lc, 1111d ll1P 

ddai led p1·u1.:l'(un clla111:e ev;1h1atl o 11 c rn,qildlon 

dale (Block 5. 0). Block 4 . 0 i::; cro::;sed out uy 

MIT /IL. 

The originating organization forwards the PCR 

to the Flight Support Division, MSC, Attention: 

Secretary, SCB. 

Block 2. 0 - To be compi ~ti:i~r by the FS13 or SCB 

(1) FSB Approval 
I• • , 1 1 • I I 

Block 2 . 1 Entry 

Block 2. 2 Entry 

Block 2. 3 E ntry 

f\\ ,·.' ,' 

.\ , . 

. ,, . 

AP PHOVE D square is checked. 

As appropriate. 

Si gnature of Chief , FSB and date (direction to 

MIT/IL on visibility impact estimate). 
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(2) FSD Disapprova l 

Block 2. 1 Entry L e ft empty by the FSB and filled in l ate r by the 

SCB. 

Bloc k 2. 2 Entry FSB recom mends disapproval of the PCR a nd 

states r eason(s ). 

Block 2. :3 Entry · SC B Chairman's signature authorizes the decision 

indic ated in Block 2 . 1 (a pproval by the Chairman 

directs MIT /IL for the visibility impa ct estimate) . 

NOTE 4 If Block 2. l indicates disapprov a l by t he SC B , 

th e originator i s so advised by the SCB secre­

. tary ,, and the PCR is filed by the Flight Soft­

ware Branch . 

Block 3. 0 - To be completed by MIT /IL when MIT /IL originates the PCR or 

by the FSB in oth e r cases . In all cases, the entries are based 
♦ • 

upon information provided by MIT /IL . 

Block 3 . -1 Entry 

Block 3 . 2 Entry 

' Schedule impacts are quoted in calendar days . 

Indicate the effect on schedule of diverting effort to 

t he detailed change evaluatim before decision to 

... . : implement requested changes . 

Block 3 . 3 Entry· Indicate the impact on the fixed memory ·and erasable 

memory capacity of the computer . 

Block 3 . 4 Entry Other pertinent information (see Note 2) . 
I 

Block 3 . 5 Entry Signature of the appropriate MIT /IL Pro ject Manage r 

NOTE.5 

I 

of FSB representati ve and date . 

After completion of. Block 3. 0, the PCR is 

put on the agenda for board action and copies 

are distributed 10 hoard members fo r revie w . 

nl1 l<'I< -r. I - To lit' co 11,pl11lncl by thn sen or itH iiccretnry. _, 

Block 4. 3 Entry T o be s igned by the Chairm an of th e SCB . Directs 

the indi cated activities by MIT /IL. 
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NOTE G 

NOTE 7 

· • . ... 

In the event of disapproval, the PCR i.q filed 

by the FSB and the originator is notified by the 

SCB secretary. 

If "Implement and/or provide detailed change 

evaluation'' is approved, MIT /IL is directed 

through the FSB to take the indicated action . 

Block 5. 0 - To be completed by the SCB secretary upon receipt of the 

MIT /IL evaluation. 

_i 

NOTE 8 

, 11 1 

Block 5, 1 Entry 

Block 5. 2 Entry 

NOTE~ 

When a detailed change evaluation is requested 

(PCR form, Block 4. 1) MIT /IL is to complete 

the evaluation within three working days after 

receipt of instructions from the FSB and is to 

return their evaluation to the secretary of 

SCB via AG letter with reference to the PCR 

number and title . The secretary of the SCB 

will complete Block 5. 0, If it is evident to 

MlT/JJ. that more time will b0. rcCJuircd, the 

111H ·1•n1 :,1·y 11!' 11,11:;c1111111,11lcl 111, 1wLl fl11cl 1111d a 

cu111pldlo11 dnlo wlll 110 ll/(l'<!1id upu11. 

The MIT /IL Project Manager (Chairman of the MDHB) 

signs Block 5. 1 indicating approval of the change pages 

by tbe MDRB. The NASA/FSB Program Engineer 

initials Block 5. 1 to indicate concurrence. In the 

absence of a NASA/FSB Program En _gineer, consent 

may be given to the MIT /IL Project Manager via 

telecon, TWX, or as appropriate. 

As appro priate. 

The results of the MIT /IL evaluation are for­

warded via AG letter referencing the PCR 

number an_d title to the Flight Software Branch, 

MSC, Attention: Secretary, SC B . 

Block 6. 0 - rro be complete d by the SCB. 

Block 6. 1 Entry Final disposition of the PCR by the SCB is indicated 

by a check in the appropriate square, 

Block 6, 2 Entry As appropriate. 
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3. 1. 6 

Block G. 3 Entry 

NOTE 10 

Signature by the Chairman of ti1e SCB directs MIT /IL 

to take the action indicated in Block 6. I. 

SCB direction will be forwarded to MIT /IL 

by th e FSB, and the secretary will file the 

completed PCR. SCB minutes, published and 

distributed by the secretary, will note all SCB 

decisions. 

Program Change Notices 

In th ~ course of program developme nt there ar ise situations where the intent 

or literal interpreta tion of the GSOP cannot be executed in program code for technical 

.or for logical reas ons. Consequently, further program development is curtailed initia­

ting a quick specification redesign and chan ge cycle. The MIT/IL design divisions and 

_the MSC Flight Software Branch study the problem and agree to a solution. Implementa -
, 

tion of the changes is then started immediately . The appropriate MDRB is convened to 

approve the draft GSOP change pages. Then the PCN is submitted to SCB for approval. 

3. 1. 7 GSOP Change Procedures 

After the MIT /IL MDRB has approved the individual change pages and SCB 

PCR approval is received, they are collected and forwarded to the Project Manager who 

authori zes the GSOP update package and it becomes ready for publication. Documenta­

tion improvements as such shall be done at the time page chan ge-s are being made as a 

result of a PCR or PCN. Changes of this nature (document improvements) are to be 

clearly' .mark ed in some met~?d other than those used for changes as a result of a 

PCR/PCN. These do cument' improvement changes shall be approved by the MDRB. and 

FSB at the same time approval is given for the changes resulting from a PCR/ PCN. 
' . 

The l1ivi t-1inn Director of q,c originator of the document improvement is rcspo_nsible for 

thq f·linn~:1•:1 ii1•i111.\ j11:;t tl,1.<'111n1111t imp1·nv1t11w 11t:: :111rl wil1 i11dicnt o tho r-:r11no ell. tho MOHll 

n1cr1tl1111,; 'J'lin P"l'll11••11I. 1', :: 1l111 ·1: 1r nf' ll11: (; :-:c ll' 11pd :1I,• p:t1•l1:11'.'' 111·1:: 

(I) The block update pacb.ge fur any particular GSOP section coni;ists of: · 

a. A copy of each chan ged page in the form a t described 

by Figure 3-6. 

b. An updated index cover shee t for each changed GSOP section 

in the format descr ibed by Figu re 3- 7. 

c. Or new issues of GSOP sections rathe r than change pages, 

whichever are m ore convenient. 
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where NBSM nnd HEFSMMAT nre defined in Section 5. 6. ~ and 

~Z is a umt vector along the Z-body axis expressed in base r,e­

forencc coordinates. The angle B is then found as follow a: 

(6. 7. 3) 

The three di splays of R-31 •are automatically updated 

until R-31 is terminated by the astronaut. The logic now re­

quired to accomplish this update is shown in Fig. 6, 7-2. 

5. 6. 7. 2 Final Attitude Display 

Routine R-63 may be used to compute and display the ,, , 

FDAI angles required to point either the LM Z-axis or LM / 

X-axis at the CSM. The choice of axis is made by the as tronaut 
t . . 

at the beginning of the routine as described in Section 4., · 

After initiation of thi_s routin~ the state vectors of 

both vehicles are extrapolated to the present time plus one 

m·inute using the Coasting Integration Routine (Section 5. 2. 2). 

Based on these new state vectors the required gimbal angles 

are computed. These angles are convei:ed to FDAI angles _using 

the transformation described in Section 5. 6, 12 and the r ·esult 

is displayed. 

: There is no automatic display update; however, R-63 

may easily be recycled manually. 

5, 6. 7, 3 Out-of-Plane Rendezvous Display 

Routine R-3 6 may be used during any phase of the 

•., rendezvous sequence to provide information about the out -of· 

plane geometry. Three quantit ies (Y, Y,and -i,) are computed 

for a given t_ime which is_ determined by the astronaut. The nrst 

two, Y. and Y, rel'resent the out-of~plane position and ve locity 

in aome 1rnnae. The third tlinplay, -i,, is the ani:le hetwecn the 

E]nevised 

□Added 

SU!'.'DANCE 

GSOP 1/ ·R • 557 

·'.•· 

j :1 \' ·:. 
r l ., 

.,i , • ' I • 
~: :~ .,. ,, 
~if • . : J I :• t I 

5. 6-27 

PCRN~ Rev. Date :l-5-68 
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GSOP H R- 5:) 7 

Section N 4 

Date Rev, 

2/20/68 

'I I l / ti ll 

Dntc: .Tuly 1, l !lflll 

REVISIOK INDEX COV F.11 SHEET 

GUIDANCE SYSTEM OPERATION PLAN 

Title: For Manned Earth Orb ital Mission l/si n1; Program 

SUNDANCE 

Title: PGNCS Operational Modes (Rev, 2) 

Remove Pages Add Pages PCR Ref. 

All of R-53 (ppgs . 399 - 416 
inclusive) 

New R - 53 (1 6 pages num- PCR 1/7 
bercd H53-l to R53-lfi) , 
la st par,c of R-52, and 

Tll lc Pa i;c f in•t p:il-(1) of n- :,4 indudcd 
111 11nlr1· lu pr1'111lt 11r11\ 
l11nnl'I 1"11, 'l'll 1<' 1 ' Aj,tP , 
Ind,,)( ::tu·u l 

11,,vln ion ~ incorporat,!:i tlic fol1ow1 ni,: NASA / MSC arr roved 
c han~cH a nd l:i publltihcd aH a compk tc ne w document, 

MIT NASA 
N,>, l'Cll 

1:,.1 

:n .2 
30 
39, l 
40, l 
44.1 
4 7. 1 
49 
50,2 
52 , 1 
56 

5 7 , l 
58.1 
60 , 1 
65 
71 
74 
85, 1 

110 , 1 + 
145 *R 

85 ,1 * R 
86, 1 * 

12 4,1 * 
405,1 * 
177 * 
148 ,2 * 
406, 1 * 
178 * 

• 
449 * 
450 * 
251 * 
126 * 
179 * 
180 * 
184, 1 * 

1•: 1111•ri:• •n1·y l,·r1r l1111 llon o f 1n1q:r111lc,n 
( 11 11 1'1!0>11 

Stat,, V,•, ·tor i;y,wlironlzn ti on 
GSOP Change 1163 
Attit ude hold during X axis over ride 
Deadband selection changes 
Attitude maneuver durin g sea rch routine 
GSO P update (sect . 4) RJO 
GSOP update (section 4) P 40 
IMU o:--; check in P !°i l 
Correction to R04 in GSOP section 4 
P30 displays and sec tion 4 of update 
nag changes 
Noun 78 scaling in V /Noun list of sect, 4 
Noun 78 scaling in R04 
GSOP update section 4 · 
GSOP update section 4 
New alarm code (1711) for P40, P41, P42 
R 77 r estriction . 
Standardize termination ·of extended verb s 
47 and 48 

* Indicates an MIT Program C hange Notic e (PCN) 

Fig. 3-7 
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MIT/IL PllOCll 1\:\l ('J!t\N(;J,: llOI ITIN<: SUP 

□ Sl'NDISt-; n ('nt ., )'~~;1 1s 

□ ,·111.11 : .::1 · :; II 

D Sllf\:l)ANC'l -'. 

n I ,1I1\HNAll\' 

LI 1,111\l(N/\l(Y II 

□ MIT App1·11-.:1•cl t>CN 0NA:-iA Approved PCH 

A. Co~ling 

Q Rq,:in coding immecii ate ly 

ACTIOK: 

Progra m Supe rvisor: 

PC:H/PCN H 

ANOMALY# 

□ NASA /\pprnvnd 
Softwar<• Anomaly 

Q Do n~t code until new GSOP m ate rial has be e n approved by the MIT 
Mission Design, RcviPw Board (MDRB) and distributed • .. 

B. GSOP Prc-p :1 r:ition 

0 
Prepare GSOP revisions for MDRB 
consideration 

---···· ---. 
/\(''J'ION: 

0 1·,,,,11111, , ,d C11111111lll11t• l\l1•111t11g 111'11 1•1•1pd1•11d, 

0 '1'1•,•1\111<' :i 1 C,i111111 It t 1•1• 1\11•1·1 11~:( 11 ) lw Id on 
A I 1 t•lldt•t •H: 

,:c. K,'i(' Tc-stin 1-: :rnd Clw ck out 

, .. , 
Q ll1•vi1·w f111• pos s ilil1• i111p,1ct 

_ lt•Ht l11~: ;111d ch1~clull11 
ACTION: 

(). ()11 11• 1· l 1 1·,11:1 ·11111M , Ai'1'1•1'1t•II 

0 Hevirw fo·r•r.ol'rC'spo11 rl 1nJ.! chang1•s in 

Special In s tru ct ions , ACTION: 

, I ' 

Project :\lanager 

Date 

Fig . 3-8 

I , 
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:I, I, II 

(2) PCS Block packages will be published at such a frequency a s to cover the 

volume of changed pages in a timely manner . 

( 3) The distribution list for each PCS package will be identical to the distri­

bution list for the parent GSOP section. In addition, a spare set of thirty 

pack:lgcs will be printed and filed at MIT /IL for use in compiling a final 

valid set of the current changes for delivery to NASA immediately before 

the flight. 

( 4) Changed µages of the "document improvement" kind may be included in 

the PCS package and given full distribution . 

( .5) The "InJcx Cover Sheet" accompanyin g the PCS package includes instruc­

tions to remove certain pages from the GSOP and to add the pages included 
' . 

in the package . Each time a new P CS package is publishe'd fo r a particula r 

GSOP section, the instructions are added to a new Index Cover Sheet with­

out deleting previously tabulated instructions so that each index page is 

complete and is a replacement of its prede cessor index page. ( See Figure 
♦ • 

3-7.) 

(6) Features to be_ incorporated on t he changed GSOP page include: 

a. A page number will be chosen to indicate thE: location of the 

ne w page. If pages are added, suffix capital letters in sequence 

will be appended to the page number. For Section 4, "Operational 

Modes," because page numbers are not i~cluded in the . initial 

IBM print-out format, no pa ge number will be indicated. Rather, 

each program or routine will be r eplaced in its entirety when 

revision is needed. 

b. A standard mar king (vertical s olid ba r for typed portion, "+" 
sign for computer copy) will be placed along the border of the 

page to indicate the areas that have bee n changed. 

c. The lower border of the page will contain comple te identification 

so tha t proper filin g of the new pages may be simply accom-
. . 

pli r.l1t~cl -. The iclcnt.ifi c:-ition wi ll include the word "Hcviscd" or 
11 /\d,l, ,d' 1, 11111 d,,1 ·11111, · 1!11ol111,l i f1, ·Hli,,1111111,1 1,11 1' ll/ l "ll-~·17", 11111 

1'' '1 '." 111111il"11', 111, 1 1'11Vi 1,l 1111 1111111'1111', 11 111111;1111.iln ,,r J11ildl1 ·1t l l,111 , 

~-1 j :~/ I I_~ ~•-1 ·_, '.I.'. ~·~ 1_1 ~ ~'.I~::~ ,:~~_0_ 1_1 ~I~_: :!_!l! 
Tlir l\1 1T/IL Program Change Houtinc~ Slip (Figure 3-8 ) is utilized by th e 

Proj ect J\l:-in:-tgcrs for the interna l routing of PCRs , PCNs or Anomalies. By the use 

of these slips the r equired a ction or disemination of informa_tion is r e l aye d to the· 

proper MIT /IL pe r s onnel for a ction. 
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SECTION 4 

PROGRAM CHANGE CONTROL 

4. 1 MISSION PROGRAM CHANGE BOARD 

The Mission Program Change Board (MPCB) is a regularly scheduled 

meeting for the purpose of reviewing each change candidate. The board is staffed 

as follows: 

Mission Program Integration Director, Chairman 

Mission Project Managers 

Program Supervisors' 

Program Development Chief Engineer 

Assembly Control Group Leader 

Supporting Staff as assigned by· above 

Other Division representation as requested 

Available to the MPCB are two listings of the trial assemblies for each of 

the mission programs containing the change candidates (see "Assembly Control", 

section 4. 2). Also available are two copies. of each of the modification sheets 
. . · 

·: supporting each change candidate appearing in the trial assemblies.· 

r~e modification change sheet for each change candidate is submitted by 

th e progi __ ,m supervisors_. A com mon format is utilized to list the identity and 

r<·11snn for llw ch:rn1:1:, the l'fft:cl on t h1• wonl hucl1:d, _ tl10. cl'f1 ·ct on tlw cra s ;dil1: 

mc11101·y, :111d n t'lllw di;11'.1'all\ of cha111 '. <' :•1 to liH) 101:ic in question. /\b;o :iv;iil;1blc . 
-to the board arc the word count lis tin gs · for the trial assemblies. 

The trial assemblies permit the board ·to examine the effect of the changes 

in the program. The board , moreover, examines the suitability arid correctness 

of the change by the systematic us e of a checklist. Typical items on the checklist 

are intended to force examination of the effects of the change on fixed and e rasable 

memory, telemetry lists, extended verbs, alarms , other mission program 

elements. 

The results of C hange Board thinking are (1) decisions on each of the change 

candidates , (2) further direction to and action required of the program supervisors 

(such as to incorporate the same chan ge into another mission program at next 

opportunity) , and (3) authorization to make the new official assemblies for each 

mi ssion program. 
l )l : 
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MPC13 action allows the program supervisor to prepare the Change Notice 

for the new ass, ( · i>ly; This Change Notice lists the known characteristics of the 

n:,Hl'rnhl.Y, 111<' ,:ll .'_;1 1(<!:-: inr.nri')nrnt<'cl, known r.n11tinnH, faully nrens , workaround R, 

l111ow11 cll :11'1·,·p:'. 11,• l•• n 11111 l'i x(•d, l11111w11 1'<'Hl1'1d1il:1, p :d1·li1•11 ll'fl i11 1'1·11111 1111111:i:1•pl<'d 

ch:1111:cs :111d t IH· 1· l'l •:d i111i 1·eq11ircd. 

4. 1. 1 Ch;i___i:: 1;~ _Board Checklist 

The followin~ items are containe·d on the checklist as an aid to the Change 

Board in n,: ,k in g juclr~mcnts on a proposed revision to the approved assembly. The 

first four item s concern ·th e assembly itself and should be thoroughly checked by 

the Program St~pcrvisors prior to the meeting. 

(1) Quality: 

a. 

b. 

c. 

d. 

Is the Modification Report adequately made out? 

Does the proposed change violate any established coding 
, · 

ground rules? 

Has the memory map been reviewed for bank conflict? 

11:ive ,: :11 ·d 11111111,cr r; , DELETE 1 1.;; constnnls, and Himilar 

VII 1•!:alil,• 11 l1r•1•11 11dr•q111d.1•ly 1•li1•1 : l1<•d? 

(:{} l•:c :-1snl,k allocation impncl 

(4 ) Sc aled subsection impact 

(5) Proper authorization for change (PCR/PCN) 

The following items concern the impact that the changes may make on users 

of. lli<! a Hr•:r: 111hly : 

a. !fas the change been advertised to all the activities 

concerned? 

b, 

c. 

d. 

e. 

Does the change require changes to test decks, e.g. , erasable 

.load changes , astronaut card changes, hybrid script s? 

Does the change require the rerunning of' any Level I, II, III, 

IV or V Tests? . 

Does the change require the definition of a new Level I, II, III, 

IV or V Test? 

Does thE: c,l:1ange require a c ha nge to t~e Verification 1~st Plan? 

.,, 1):-: ... ,, 
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(7) Schedule impact , if a ny ; then 

a. Has the Project Manager been made aware of it? 

b . If the change is in response to a PCR , has the impact been 

reassessed? 

c. Has the Development Plan been updated? 

(8) Documentation: 

a. Has the Program Description been updated? 

b. Is a new Program Description r equired? 

c . Is the Class A Flow Chart activity impacted? 

d . Are the Discrepancy and Prog ram Notes affected? 

e . Does the change affect any issued Test L evel I, II , III , IV or V 

document? 

r.· Is the GSOP affected , e.g., nag settings or sign errors requiring 

PCR/PCN action? .. 

(9) Work arounds: 

a . Can the change be replaced by an operational procedure? 

b . Can the change be made more expediently with less c oding 

elegance? 

( 10) Have remaining patches for both Hybrid and Digital been reviewed and 

justified? 

4. 1. 2 Mission Prog r am Development C alendar 
. I 

.,:;.. 

Tf1, ,' I' 001·.I j I l id j o, l () f t h1! 111 t'ill,Y (• ] c•m (•nt: i ill VO] Vt :cl i l1 n rJ i ght prn /.'. l' n ff) rc· q II j r ,.• fl 

11111 ••:it 1.t ;l111f11111• 1it ,,r 111· ,w , · ,1111·" :: 1111 ,I 1·111111111• 1111•1•1 111 1.:11 1',11° 1: 1111t1·11I 111111 dl11111•111l11 1ill1111 

of l 11 i't>1' 111:ilio11 :it l111• 1:1•oup ll':1dc1· 1111d 111 ;111-011-llie - jol,'lt:vt: l. J•'i1:11rl: •1-1 1-d10WH . 
th<.: weekly n :view pl:rn of th es e various element s , each covered by a specific pro -

cedure or charte r to pinpoint responsibility . 

4. 2 ASSEMBLY CONTROL 

The Asse mbly Control Group reporting to the Mission Program Syst e m 

Inte gration DirC' cto :· has full time responsibility for the making and the control of 

YUL asse mblies . Each •Mi ssion Program ha s a weekly updated assembly revision • . 
This is th e only official revi s ion for all users for the week . 

Each Mission Program Supervisor is responsible for submitting to Assembly 

C ontrol each week the chan ge c a rd s for all change candidates for the ne>.."t assembly. 

The Program Supervisors are respon sible for determining that thes e change candidates 

4 - 3 
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conslil11te n proper µack:.igc. It is expected tlwt all patchcl:l found necessary to run 

with the current assembly will appear in the puckages change candidates submitted 

by the P~ogram Superviso rs. 

The Assembly Control Group takes the change candidate packages received 

weekly and generates successful "trial" YUL as semblies for each of the mission 

programs , e.g., TRIALDANCE 162, TRIALCOLOS 57 , and TRIALLUM 27 . These 

are for the use of the Mission Program Change Board at their regular weekly 

meeting. 

The Program Supervisors are responsible for delivering to the Mission 

Program· Change Board the Modification Sheets for each of the change candidates 

in trial assembly. 

The Mission Program Change Board using the trial assemblies , the Modifi ­

c ation Sheets, and other material (s ee "Change Control") V:.ill select those change 

candidates for next official revision for each mission program assembly . Experience · 

shows that programmers are h,clped more if they can use the updated assembly as 

soon as possible after the initial trial assembly is assembled . 

Following the Mission Program Change Boa.rd meeting, the Assembly Control 

j" . Group will make the new YUL assemblies with the changes accepted by the board. 

Suc,:_essful assemblies should then be available to become the new official revisions. 

4. 3 FIXED MEMORY CONTROL 

Each log section of each of the assemblies is assig·ned a fixed memory budget. 

1:'his budget is a design limit to the generation of code by the programmers. A 

special listing (COUNTDANCE, COUNTCOLOSSU$, etc .) is made automatic ally by 

Ass embly Control at the time of program assembly that reveals by each log section 

the comparison of actual and budgeted word count. These listings are examined 

·by lhe Mission Program Change Board (se c "Change Control"), and problems in 

. meeting budgets a re resolved by the Board . 
. ,. 

The Assembly Control Group includes in its responsibilities the control of 

all pr;gn - "' constants. The intent of control is to guarantee that each· parameter 

rP.prP.sP.nli g n constant will havr. only one vnlue throughout the progrnm and th a t this 

vul1111 I~; 1l1111 ll rJ ll'II 111· 11t'rlei1.J 1·n11tr1,1l i111~ dn,·111n ,·11l i!lio11, 

The E1·Gsabk Control G1·oup n .: porling to the Mission Prog1·am System 

Integration Director has full time responsibility in the control of the erasable 

memory. Responsibilities include the assignment of erasabl e memory locations, 

the resolution of erasable conflicts, and the identifi_cation of existing and potential t problems in erasable memory. 

' r, • l l \
0 
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The Erasable Control Committee is staffed as follows: 

Mission Prog ram System Integratio n Director, Chairman 

Prog1·am Supervisors 

Mission P1•ogram Chief Engineer 

Mission P1·0 1~ ram Engineering Le::iders 

The Era sable Control Committee meets weekly to provide the guidelines and 

budgeU; in the layout or distribution of erasable memory parameters, to idcnti fy 

and resolve p1·oblcms in the use of erasable 1:)emory, and to correct unusual diffi­

culties in erasable conDicts. 

... 

I 

.. Li, 
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SECTION 5 

SIMULATOR CHANGE CONTROL 

5. 1 FACILITIES 

The following Apollo simulation facilities will be subject to change control: 

(1) Digital, (2) Hybrid, (3) Cockpits , (4) Dalto and (5) MACSIM. These facilities 

have corresponding code letters and are listed as follows: 

Facility Code 

Digital D 
• 

Hybrid H 

Cockpits C 

Dalto T 
······· ···- ···· ·· 

MACSIM M 

The attached form (Fig . 5-1) was designed to help mechanize change control 

and is prepared in two parts. 

5. 1. 1 Change Request 

A change request need only be completed as far as 11 description" and 
11 reason 11 and should be signed by the requester. Approval fo implement the change 

~ay be sought if any appreciable scheduling impact is involved. In this case a 

Project Manager may be required to approved the request, 

5, 1. 2 Change Record 
\ 

To -r_ecord a change requires that the entire form be completed. 

implem entation is in response to a prior request, the 11description11 and 

must reference the request . 

If the 
II II reason 

The person implementing the change is required to sign the form. The 

change is then officially. approv ed by the appropriate responsible person. SC Rs 

are numbered sequentially after the facility code letter as listed above. 

This change control procedure shall be .applied to every change to simulation 

faciliti es under configu ration control , no matter how sma_ll. It is also to apply 

to changes that are made to simulation "cle_ments " as part of the development if 

any change affects the way the element operates for• the user. 
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SIMULATION CHANGE 

F ac ility : 

De sc r ipt ion : 

Re ason: 

, • 

l \I ' I It 1-i'I, 1 I I I I' I 
.. 

A I · , •11 1 it .... .i l,,v: 
---·-·- · . ·-- ----· __ ..., ___ _ ·---- ·---
I mp 11' n1t•n t:1 t i1rn D<'t:.il: 

•- •-•·--,- .. - • •U - •• - ~-----•• •• 

ll, 1w '1'1 1 1i l1 •d: 

: 

Documentation affected : 

New Lo g /Rev /DJ.te: 

Im plemented by : 

Approved : 

Re ma r ks: 

REQUEST/ RECORD 

j. 

' 
., .. ,, ... ,,., .. ,. " ft \ I 

•. 
• -,r r ·••• ' -,•J 

.. --- ·--- - -
.. .. · ·- .. 

• 

SCR # 

Prog r arri / Equ ipme nt: 

' 

-·· ' ... , .. '" - ,,. 
I )11111: 

• ~ t .-u. ,. _. ;•u ... H .. •,C, ., t .••~ • .-:-,,.,.. .,..,, r•-r ,,,;r.--,-•_• , )•r -- .. ,,. .. ___ -··· 
1•:1111111,ll ,·d d1• I iv,, l'.Y d 1tl 1• ; 

-.. .. ·-

-· --

C ompletion da te : 

Date: 

I 
t 

.. 
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Internal changes to clements und e r development that" do not affect simulation 

users need not be recorded . 

Each re s ponsible person whose ... signatu re must appear on changE:s to si mula -

tion clements under his responsibility will in effect consti tute a Change Control 

Board of one . 

,,, . 

\ l1 . 
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SECTION G 

ANOMALY rmPORTING 

G. 1 GENERAL 

11 Anomalies 11 arc deviations in expected performance , program irrc.:gularities 

or amplifications arising out of post-FACI testing and inspection. Such anomalies 

are controlled by submitting to NASA /FSB a detailed description of the anomaly, its 

cause and effect , and recommendations for effective action . 

6~ 2 ANOMALY ORIGINATION 

An anomaly may be originated by MIT/IL, NASA, or other NASA c ontractors. 

An anomaly is originated by completing an anomaly form (Fig. 6 -1) and submitting 

it to NASA / FSB~ . C are must be taken in completing this form to assure that sufficient 

data is provided or appropriate direction cannot be given . An amplification sheet 

(Fig. 6-2) is provided if additional space is needed. Sufficient data is provided by 

completing the section devoted to analysis which takes into account the cause, how 

the anomaly was recognized, its effect on the mission,- _avoidance procedure, 

r ecovery proc edure, program correction, and recommend ed disposition and re­

testing. 

6 , 3 I\NOMAr ,Y REPORTING PROC EDURE 

:1•:11,• l1 M l 'l'/11, 111·i1:i1liil 1•rl 1,111\111 1.J _y 111\1/i l Ile· wl'il l,·11 on tlio nppl'ov<·rl T\11'1'/IJ. 

:: ,,11 w111 ·,1 /\ 11111 1r1ily l("l"'l 'I 1',11 ·111 1111<1 11•111·11 v1•,I l1 _\' lliii 11 1·,;_1,,1 •1 ~11111 111:• •·1• 1•1 ' i1ll ' 111 

1111l111iill11I 111 N/\~;/\/l•'!:11. 'l'l11• 111·i1:l11 1tl111 · i:0111 pll'l1•1: ld111: lu1 I, I lltn1111!lt I, Ii, Tilt• 

MJ'I' l'ro1:1·:rn1 Supervisor coinplck s bloc ks 2. l th1·ou1 :1t 2. 10 and N/\S.1\/l·'SI\ c11m­

pl etcs blocks 3 . 1 through 3. 4. NASA/F'!JfJ also assigns an MSC report number to 

the anomaly. 

· Relevant to the closing action that is taken, either MIT /IL or NASA may 

complete blocks 4. 1 through 4 . 4. For example , if only program notes arc involved, 

NASA/FSB will fill i.n this section. On the other hand , if a change in the program 

must be made, l\·JIT/IL will complete bl oc ks 4'. 1 t_hrough 4. 4. 

Should NASA or another agency ori gi nate the anomaly , the originating agency 

completes blocks l. 1 through l. 6. Then KASA/FSB r_eviews this section and assigns 

an MSC control number. The MIT/IL Project Manager completes blocks 2. 1 

'I l l , 
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through 2. 10. The N.ASA /FSB completes blocks ~- 1 through 3. 4 and, as above, 

depending upon the action that is taken, either the NASA/FSB or the MIT Project 

Mana ger completes bloc ks 4 . 1 through 4. 4. 

Instructions in completing the anomaly fo rms a re presented below: Block 

numb ers pertain to the MIT/IL Softwa re Anomo.ly Report form, Fig. G-1. 

/, 

Block 1. 0 - Completed by the originato r ':' 

Block 1. l Ent ry - The name of the individuo.l originating the request. 
/ 

Block 1. 2 Entry - The nam e of the orgo. nization to which the originator 

is o.s socio.t ed . 

. nloc k 1. :l Entry - Da te on which the anomaly report is prepared . 

Block 1. 4 Entry - Control numbe r ::.iffixcd by origino.to r for traceability 

purposes . 
, 

Block 1. 5 Entry - The de scription of the anomaly shall show clearly 

the affect on program performance and associated 

function s . 

Block .1. 6 Entry - Provide an accurate description of the run affected . 

Block 2. 0 - Completed by Proj e ct Manager 

Block 2. 1 Entry - Provide a cleo.r indication of the cause of the 

anomaly. 

Block 2. 2 Entry - Provide an indic ation of how the anomaly can be 

recognized, i.e., by visual inspection, atypical 

p'erformance etc . 

Block 2. 3 Ent ry - Provide a description of the effect the anon:ialy 

; 

has on the mission . 

f'l'(wlrl c• , if ;q,pli,~nll l 0. , n d P.Af! ript _ion o f llw pro -

1111 ,1111 ·, , 111 i11ll11\\' 11' 11 11 1 111111111,d ,',' I ii 111 l,11 it\ll•iil11,I, 

111,1, •h ~! . r, l•: 1111 ·;1 ~ IJ ,. , 11 1 1·11 ,, , , II ,q qtlli'11l,l11 , 1111 1 1•1 '111 1 1•!1111 ·11 111 11'1 '/ :t:il tl ',\' 

\11 l 'l':• 1111 ·1• Jll 'tt/'.1'11 111 lei 11111·11 i: d Pjll ' l'11ll111: /l l iillll t , 

IHu1:I< 2, Ii l•: 11Lt·y - l1H lic: :111 ) dl'at·ly , if pnssi lile, !town p1·ogr:t 111 

correction could bl! made . 

Block 2. 7 Entry - Describe the recomme nded method most appropriate 

to effectin g the necessary correction. 

Block 2. 8 Entry Describe the r ecom mended tests to be repeated to 

reverify the program . 

t.<Not e : The p r CJgram a nd p r og r am revi sion afft-c.:tecl by the anomaly arc indicnt eci by 
the originator in ,th e blocks provid ed _foe th:.it purpose . 



., 

. \ 

Block 2 , fl E11Ll'y - Si1 :na l111·e o f Project M,1 n.1 r~er r es pon s ibl e for 

1111:ily ~:b. 

]\lock i . 10 Entry - L\ tlt.: the Proje ct M,rn:ig c r approve s ill<: anomaly 

analysi s . 

Block :LO . Completed by NASA/FSn -:, 

Block 3, 1 Entry - De s c r iption of NASA direction as a result of the 

:1 11n ;Y1 :1 l v . 1r.• u. I: ~ .... _y 

Block 3. 2 Entry - Signature of FSB repre s entative responsible ior 

direction pe r t inent to the anom aly. 

Block 3 . 3 Entry - Organizati on of NASA repre s entative. 

Block :L 4 Entry - Dat e on· which NASA dir ec t ion is given . 

nlock 4 , 0 Completed by individual re s pons ible for the clo sing ::icllon 

Block 4. 1 De ~cripl ion of a ction Laken to remedy the anomaly as 

directed in b_l ock 3. 1. 

· Block 4. 2 Signa·tur e of individual responsible for closing action . 

Block 4 . 3 Organiz a tion to which fhe closing action applies . 

.,_Block 4 . 4 Date at which the closing action is taken . 

.. l. , 

·, 
I 

/ 

* Upon rec e ipt of t he Anomaly Report , i\1SC affixes a repor t numb e r in the bloc k 
provid ed for t ha t purpo se . ·, · •" 

. :-; () , -
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SEt;TION 7 

MISSION PROGRAM REVIEWS 

7. 1 DEVELOPMENT PLANS 

Development Plans are maintained for all active mission flight programs. 

The format and period of updating depends upon the development status of the pro­

gram involved. For mission flight programs prior to FACI, updating must occur 

every two weeks. The format of these development plans must include all detailed 

milestones and a cle'ar indication of what previous milestones must be completed 

in order to accomplish subseq\Jent milestones. 

The mission Flight Program Development Plans are the basic tools used to 

control schedules, personnel assignments, and internal requirements. The 

Development Plans a:re made for each mission program under the responsibility of 

the Project Manager to a level of detail practical at any particular phase of the 

program. Upon receipt of the guidance computer software requirements, a first 

plan is detailed to develop the GSOP for MSC approval ancL to identify long lead 

time tasks. The Development Plans evolve on a bi-weekly basis so as to provide 

management insight from the level of contract requirements to a minor subroutine 

personnel assignmc..1t. Survey sheets provide a weekly review to this lowest 

assignment providing latest requirements data and obtaining status of assignment, 

support requireme.nts, and data needs. 

The management system provides for t he compilation and review of the 

plans on a weekly basis. 'From this compilation the following information is 

obtained: 

(1) Status of each individual assignment , i.e., coding, tests, etc. 

(2) Support requirements -- the need for simulntor capnbilities, facilities, etc . 

(:1) l'r1·11d111\rl 11,1ril1-p1111r,1drt - ~ 111•1·11\II llrillC'rlllllltllll 11f 111.ill. l ,Hlillll ln vl.11w o( 

ulhcl' p1·ogrnm needs. 

(4) Schedules -- assessment of impact on other schedules. 

(5) Impact of approved changes on a flight program schedule. 

7-1 
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Thrl 1·,:vicw, d1•cision, :rnd assignment of responsibilitiei of the rc.:sults of . 

' I 

this tnfonn:llion provi,k the key to effective rnrin:11~cmr:nl of the rivailahle resources. 
•(J I 

It• is tllc responsibility of lhe Project Manager 9 i:;upported hy tlw development 
' .. I 

planning :-;ection of Gi·ou·p 2:!P and the development design divisions to achieve a 

useful :1nd current development plan .for e:-i.ch mission Dight program. 

follows: 

The ,weekly M!T /IL Management Development Plan Meeting is staffed as ,. 

Deputy Director MIT/IL (_or designee), Chairman 

· Apollo G&N Program Director 

Apollo Mission Development Director 

Mission Program Project Managers 

Program Development Director 

Program Support Director 

Systems Engineering Director 

Display and Human Factors Director 
I• 

Space Guidance Analysis Director 

Each month one of these meetings will be substit~ted by a NASA/MSC c haired 

joint Program Development Review held at MIT /IL. The function of this monthly 

meeting is to review mission program development progress. 

7,2 F.Nc:r / r•:nmc; TF.C:TTNTCJ\I. DESIGN 11EVTEWS 

'1'111• I' 1·,·;,:1·:1 111 I l,•v,·l,11111,,•111 < '.liic•I' l·'. 1wi111·, · 1· ,II ,·,·,·I 11 1111' I '1·i"'1:1·n111 ·11,,v, · l<•1•111l'111 

l•: 111:l11•·1 •1·i111•. 1: 1·,.111p: 1 111:11 111·nvid1• I.lie 1•111:i111•1•1·l111: dc•::l1:11 :lilt! cocll111: 111' 1'11111:1101111 111 

i:<!ll<.•t·:1li111: c•lt:1111·111 ;: HJHJc:i l'it:d l'ot· t.111: 111i f;1-:io11 l'li1.'. ill p1·.01~1·:1111s. Tile l'111;i11\'cri111: 

design . :rncl coding of the vari0\.1s Dir~i1.al J\ulopilot progr::ims arc the responsibility 

. "'., , of the Autopilot Group reporting to the Program Support Director. . 
It is the responsibility of the above-mentioned groups to design the programs 

to meet the specifications list_f!d in the Guidance System Operation Plans and other 

contractu al specifications. These groups act to support the r equirements of the 

Mission Project Managers. 

The engineering design of the subject programs requires support by the 

Space Guid ::ince Analysis Division, the Displays and Human Factors Division, and . 
the Systems Engineering Division to res0lve questions not evident in the GSOPs and 

other specification document's. Design reviews of involved groups needed to rr.eet 

problem area ~ may be called and chaired by the Project Managers as necessary. 

To assure across -th e -bor1rd visibility and uncover difficulties, regular Desi gl') 

l<• :vl ,.w r: ;, 1•r• :wl1,.rltil1 •d 1'01· ,•;11:h nf l.11•· rrn,:1·;1111 l'llJ'.i11c1•t·i111i 1:1·011ps 011 a lii-wet•k ly 

-l111r>l n, '1'11< 1 111•11111·11111 IJ• •r1i,:11 linv l<'W ('1111 111,III••" 1'11 1' llir•,-1,, 1·"1-:111111' l'PVIPIV /1 111'P 
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- , . .... 

staffed as follow s : 

. 

Mission Progr.i.m Chief En~i nce r (or designec), Chairman 

Mission Program Project Managers 

Mission Program Enginee ring Leader 

Space Guidance Analysis Division designee 

Systems Engineering Division dcs ignee 

Displays and Human Factor s Division designee 

Program Support Division de~ignee 

Autopilot Group designe e 

The intent of these design reviews in all program areas is to assure that 

all aspects of the program are considered and to id entify problems as early as 

possible. The routine serves the needs of the Project Managers and allows pro­

gram development and design personnel to exchange information and identify diffi­

culties on a regular basis. 

,I 

( ) 

' : ,. , I 

l " 
,, 

• I '. 

i., . 
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SECTION U 

PHOGt'!I\MMlNG ')'l •:S'l' PJ\CKJ\GJ•;S 

U. 1 GENEHAL 

The purpose of the Programming Test Package is to identify and define a 

set of tests to ensure that guidance computer programs correspond satisfactorily to 

the analytical procedures defined in the GSOP and other documents for each mission. 

Tl1ere are five basic levels of testing required during the development of a mission 

program. ,· 

8. 1. 1 Level I 

Using the guidance equation material of Section 5 in the GSOP, com putational 

difficulties such as loss of accuracy are identified. Numerical examples are 
. .. ... -~ . . . ~ . 

developed to check the adequacy of the coded Apollo Guidance Computer (AGC) 

programs to _handl e s ufficient ranges of variables. These check solutions are 

generated using a general purpose algebraic compile r (MAC) and are based on 

AGC program block diagrams. 

J~ • I 

8. 1. 2 Level 'n 

Usin6 the data obtained from the Level I package, actual tests . on the coded 

programs are performed. 

sample MA<;: solutions. 

The flight computer solutions are checked against the 

The first two test levels include the analytical processes associated with 

trajectory computations,_ displays, st ee ring equations , navigation and targeting 

programs as· described in Section 5 of the GSOP. 

8, 1. 3 Level III 

At the third level of testing , complete programs and routines using sufficient 

simulated environment to verify the perforrnance of the system under flight simulated 

conditions, are checked out on the all digital simulator. 

8. 1. 4 Level IV 
I ,, I' \ , 

The testing of program sequences , and mission phases which require use of 

several of the programs test'ed at the third level, c·onstitute the fourth stage in the 

evolution of a fully verified mission program. As an example , a sequence mi ght 

in, . .le: atlit11dc and align m ent det e rmin a tion, realignment, targct_ing, burn, trim 

1111d , · ,t1111'1) 111 till' itlln 11HHl11, 



... 

i · 

·' · 

8, 1. 5 Level V 

. A final qualification testing using a controlled assembly to verify and 

docu ment formally the Level III and IV tests. 

,,,, 

,I 

' · · ,l; .. _, ; 

; 
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D. 1 ·c;ENEHAL DOCUMENTATION HEQUIHEMENTS 

. Throughout the development of mis sion programs an extensive level of 

docum entation exists to disseminate at the engineering level as much information 

about requirements and test results as possible . This documentation provides the 

basis for acceptance of the end item and a continual insight into the implementation 

of requirements [ F,irst Article Configuration Inspection (FACI) and Customer 

A~ce.ptance Readiness Review (CARR)] . The following paragraphs desc r ibe the 
• 

kinds of documentation and their use: basically this is all Type - 2 NASA docu -

mentation. 

· (1) Memorandums and reports -- A formal series identifiable to a specific 

m i ssion program designed to provide detailed analysis of equations , test plans , and 

to report test level I and II results. 

(2) E and R Notes - - Formal reports on design or analysis studies of m ajor 

significance - - u sually developmental work and applicable to more than one mission 

program . (These reports are part of an overall laboratory system with the Apollo 

r eports forming c,.tly a part of what becomes a broad technical library .. ) 

(3) Flow Charts -- A formal ind exed series per mission program of the 

coding of c~mput-er logic designed to provide a detailed description of the imple ­

mentation of the GSOP requirements. These charts are controlled by drawing 

numbers and revisions artd are upd ated to reflect a present status applicable to a 

GSOP -Section 4 revi sion. 

' (4) Verification Test Result s -- A formal document compiling the Level III, 

·• IV and V test results . The data in rough form through Level IV testing is utilized 

for a PACI. The PACI decisions and the Level V testing results are added to 

complete the document as the test history of a specific mission program with an 

appropriate assessment of any constraint on requirements. 

In developing the flight programs the total Apollo System must be considered 

with all its interfaces to the ~ &C system. These are requirements in the form of 

the P&I Specification, Interface Control Documents (ICD), and hardware constraints. 



., 

, . 

'1'11 tll, 1 lllglil p1 '11n1 '11111 d11rii1:11,11'11, 111111',0,I 111 11 •, · Jl'i,-1dl1111n 111111 ll1n 1<:11'11 1•111,1 ' 11 1111111 1,11 

111:1·,•,•,l·l,1 1•111111•;1,•111 :11 1111,•1·1'111·.- wllkli 111111,I 111 • 1·!1:••1·1 ,11 :tly 1·, 0,:111:1il ·1.1•1I, '!'Ii<' /11•11l1(11 

Crn1t.1'1\I S tn rr ,11· 1111• 1\11'1'/II, /\p11llo 1'1·11, :1 ·1,111 l>l1·1 ·, :lo1· 111 l' (' /ijll lllt:il,11• 1'111· l('.I) 111'/'.llli;,­

lilll\ 1111d ,•n11t1·ol, lly di :1:1c 11l111:tl.lo11111' tl11 i,, l111'01·111:d[c,11 , liy p;11 ·Lii!l pnllo11 i11 rl1•11i1:11 

1·cvicws, __:_:'0 lw l'l:Vic\V'fi"r ull clw111:cs tile D..::; i1in Control Staff iman·<:s co111p:1til>ilily 

will! th,: !Cl) 1·1•q11i1·1•11Hi11ts . · 

lhll'ill/ ( tl11 i t1,·v1 •lt1p 1111•1il or l11r• C: /1,C li :11·clw:11·1• 11 11cl :1<;1'1.W:11·1i 1111 p:tl' lili<' J 1:1 · i11 ·cluli:H , 

ll 111 :1J111· 1·x, : l111111 :1' ,,r l111'(11'11_11tlln11 lwlw111·11 l.li1·.lw11 ,:1·1,111111 !:; .11, 11: 1° 111 1111',Y !11 111/llll'f ! !'til l 

compatil>ili t.y . Cll:u1r~cs to l>oth llardw:ire: ancl s oftware willil.n tlic C!<.,C system ar<: the 

responsibility of the Program Director's Design Control Staff. This respons_ibility 

is carried out by this staff through review of all changes and participation in the 

design review boards. 

Additional requirements related to the flight programs are as follows: 

(1) Tape versions of the programs for simulator use and testing . 

(2) Engineering studies . 

(3) Simulated Flight programs. 

(4) MIT/IL Simulation desi gn. 

The·se and simila_r requirements arc usually received in letters of direction 

or accepted as actio_n items at meetings with MSC . They are usually scheduled and 

assigned on an individual basis with a management system follow-up to insure 

compliance or resolution. · 

9. 2 PROGRAM CHARACTERISTICS REPORTI?\'G 

Each of the Program Supervisors maintains a master log book for entering 

program characte rist;cs of the mission program under his responsibility. All 
I 

persons operating with these programs in informal or formal testing are directed 

to enter significant "characteristics'' discovered and identified by assembly number 

and log section. 

• 
"Gharacteristics" can be bad operations, discrepancies from specification, 

unadvertised restraints, and other user - oriented useful notes about the program. 

Those characteristics that have not been fixed or will not be fixed by candidate 

changes for next assembly revision must be exarr,ined by the Program Supervisor 

for his judgment of importance. Those he feels that should oe advertised so as to 

help program assembly users will be listed in the Change Notice issued with the ne>.."t 

program assembly revisio·n . At the time of Configuration Control of the program 

occurrin ;.; at FACI and release for manufacture with the Customer Acceptance 

Readiness Review (CA RR), the log of pro~ram characteristics will be used to generate 

a complete list of discrepancies from the specification and a com plete li s t of program 

notes providing operational characteristic s not otherwise advertised. 
( .. 




