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FOREWORD

- TheApollo CMC/LGC Software Dovolopment Phn ,
18 one of three documents developed under MSC/ TRW‘ .

_ Task A-163, "Apollo Spacecraft Software Development '

Management Procedures Study. " The other two docu-.‘ »
ments are:

a) The "Apollo CMC/LGC Software i
Readiness Verification Plan" R

b) The "Apollo CMC/LGC Software
Management Plan"
This document presents the plan for development ‘
of CMC/LGC software,

The "Apollo CMC/ LGC Softwarc Readiness Veri-
fication Plan'' presents the Plan for verifying flight
rcadiness of the CMC/ LGC software after development
is completed.

The "Apollo CMC/LGC Software Management '
Plan' presents MSC procedures for management of the
software development and verification tctiviﬁu and
for software configuration control. .

These three documents were planned to super-. _
sede the 'Apollo Guidance Software Development and: ' |

- Verification Plan, "4 October 1967, prepared by the ‘
Guidance Software Validation Committee’ tor the Gui- A

dance Software Control Panel,

Procedures defined in this plan are compuﬁbl.
with 8§ B07-C-001, "Apollo Spacecraft Program Con .
figuration Control Mumal. " 15 December 196?. R
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FACI
FRR
FSB
FSRR

GSOP
LGC

MIT
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PCR
SCB
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Customer Acceptance Readiness Review
Critical Design Review

Command Module Computer

Firet Article Configuration Inspection
Flight Readiness Review

Flight Software Branch

Flight Software Readiness Review

Guidance Systems= Ne~watiaene M- I ‘ )
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. ' The purpose of this document is to set forth & praci
| progédiyi',doirdbpmcnt Plan. THhis plan provides adequats;
Sy e!foétivimmiimoatot the software development which Wi Lasiire:
— availability of the program for test and ﬂigi\f‘ﬁbqﬁlh' timely'; ¥
Plan also jn-ov_!dn for sound program control‘in:d?documét'twﬂldt; cm .
tent with the needs of program design, development, md.gﬁ'l‘pliﬂ%aﬁqt:
testing. The applicable management concepts and prqécdgro
menting this plan are set forth in Reference 1, . i

1.2 SCOPE

s for imple:

t
'

The spacecraft software development plan presented l}fbreiu is.
limited in scope to the Command Module Computer (CMC) and Lunar

Module Guidance Computer (LGC) software. It covers th'c"pei-iod of
,’ : activity from the establishment of software requirements through the -
Customer Acceptance Readiness Review (CARR) where the software is "
B accepted by the Manned Spacecraft Centes (MSC) and the: d‘w!olopm'ont
‘ activities are completed. The flight readiness vei'iﬁcugidhr iqtiv!ty which
follows completion of development is described in Reference 2,

£ ‘ - IR
This plan defines the documents, activities and milestones
associated with the software development, ‘The CMC/LG

C pirogram for
each Apollo mission goes through this development cycle :

v oo : Program as used in this document, therefore, refers toa ‘."”Ii.'lvﬁl_otpi_'pgkl'am ‘
v, - Atsembly. The details on the responsibiliti¢s and proce o‘l’ortho -
S . implomatation} of this plan are found in Refereace 1, R

(| itvof daa detining software requirements thsough accspi
. gram til}h‘ﬁu.t«ner Acg_.ptgnc, Rmh‘"'f:! ‘ ( Ay
CFigure tet,. s




Critical Design Review (CDR) is the formal mllestone asso utod with

. Section 2 describes these activities,
design fﬁé’i‘o‘ x?g%xr‘](f %%58?’0%menet terting of the roftware'follows the

davelopmcent of the design specification. At the completion o.f thir phare -
of development, the program ir ready for qualification tuting. The First
Article Configuration Inspection (FACI) ir_the formal mi arking
the Iend of th(leggodlrllg andd R evé?op(men )e:’tlng pfhal?rg anla %553%’5‘;1"%0 bégln

qualification terting. This phase of roftware developmentlr ‘dilcu!ud in
Section 3.

b

The qualification terting activity following the FAC: is deligned to
verify that the software has bean designed in accordance with the paper
derign as defined in the roftware derign lpeﬁficmom Satirfactory com-
pletion of the qualification testing completer the roftware development. .
The roftware ir formally accepted by MSC at the time of 1he CARR
Section 4 discusses there activitier. |
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Figure 1-1. CMC/LGC




specification by Massachusetts Inltitute of ’Dechnolégy (‘\ﬂ"l,").}h i
the principal activities occurring during the protumldcﬂnitbon phne. "
illustrated by Figure -1, 1
in this section.

2.1 SOURCE DATA A SR
The fundamental sources of spacecraft so!tware requirements ar
spacecraft systems specifications, interface control documenta. minion
requirements, early trajectory documents, and a vatiety of guida.nc}e and‘v;,
navigation study reports. The software requirements are derived from '

these sources and published separately as an MSC Softwa.re Requirementa
document, ‘ -

ot

0 2.2. MSC SOFTWARE REQUIREMENTS %

MSC divisions must, from their own source docpmant;. provide to .
the Flight Software Branch (FSB) their contributions to theutotal software b
requirements. These are integraud into the MSC Softwarc Requirements - o
document, which is provided to the contractor to guide the preparation of |

the software design specification. - o
The requirements document contains the functlonal partormmce. . SRR

and operational requirements necessary for the developmest of giidance,’

[N

navigation and conirol equations 'and the establishment of Miziﬁgl'model
and logic. It murt specify interface requirements with oth\hh opa'cocn!t .
rubryrtemr m d with the RTCC, or reference other authorm&vcmmrce. -
for these requirements, The comtractor must also be furnhhud the T
specifications Of the vehicle and vehicle subsystems which' $ntbr£a.co with,
the software and dictate its characteristics, : c
2.3 GSOP DEVELOFMENT

: ‘i‘c The Apollo CMC/LGC software development ankl quallf
A based on a dotaihd design specification prcpared by tho col

“mF
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control, l‘n M nml Mc sof un. m “j
B . athe Guldince System Opesation. l'-‘hn (GSOPY; : Tie:
e requirements for program,modes, funetions, !mrlu"
: Co ard logic to be programmed to satisfy the requiremem ’ 4 )
o . operational procedures. The GSOP specifies kindl of dwp.ay i
: o ‘units, and mumber of digits, The GSOP includes’ or relei'm ’
B ' pertinent data on constants, including their scaling and wnite no'u wltli e
- . range of validity of constan*s, In addition, similar attention to the '- Lo
accuracy of computation is required. '

. Upon receipt of the MSC Software Requiremente, the contractor P CE
begins the development and verification of the equations to be prognmmed. v ‘;l:.;

The equations are verified using engineering simulations of | the :pocecraft
computer and other spacecraft lyetema.

[ o
i s
I

The complete flight program for the CMC or LGC is built up from
individual functional routines and callable programs, ‘The eelection of
routines and callable programs for a particular flight program is based
upon the. MSC functional and operational requirements for thas p?ogram : i
and is reflected in the GSOP, Reqnlrementa for their intefreuon ‘into a:
complete flight program exihiting the required functional capabllltlee and._,
operational nodes are alro presented in the GSOP, o

4
i

2. 4 PROGRAM DESIGN C e

,--\

The development of the CMC/LGC program beginl otfic!elly e.ftel' IR
an approved design specification has been established at the CDR. SRR
However, the lnitial coding of equations and development of lubr&hﬂnee
begins during the pProgram definition Phase and is cerried onA

with GSOP development. Initial plans for program organizatitn timing
and executive control are also established, dan

2.5 Dzvznopmm TEST PLANNING

In parallel with GSOP preparation, the contrectdr l.';elmlI pllmln‘
the various: levels of software tests to be carried out during the

implementetlon phue. 'I'heu tut. are sequential in four spe

i

Level 1 tests use engineering language -imlaﬁm,h’
' formuleﬁon velldation of the equeﬁoae in the QEOP ehwm

"‘H




~ program subroutines’ (such as orbital integration) and, where

-design npecmcaﬂon for the eo!twu-e progrem ue

‘ ‘development as propoud are based on. MSC revlew’ of {

‘provided hy the oo!tvere eontuctor.

I‘m 8 hm “. t‘.t‘ On wd‘ﬂco commt‘g coa G‘ iy Lt

comparisons, with corresponding level 1 runs are made. Tﬁ“wm uc
made on the software contractor's blt-by-bit simulation laﬁl!ﬁy PR

Lavel 3 tests verify collections of subroutines at the lﬂ%
astronaut callable- ‘programs (e. g., -teering. cutoff, guidmed drrot
lignal. and average-g navigation) all working together to provide guidance’
for a powered-{light burn. All paths through each P-progrm tre checked
out. The runs are made on both bit-by-bit and hybrid limull.ﬁém.

Level 4 telu represent the top level of develorment: telﬂ”;‘ Theu
tests involve mission sequencing (e. g., prethrust, IMU alinﬁeht. ‘and
thrusting programs running in sequence). While there is no. 4w '“. “tdment
that all tests be made on the same configuration program, l.pplicaﬁility of

data to the propoeed pProgram must be established to the elﬂlifacﬂon of
MSC, ' : L

There is no formally documented pPlan for level {1 or lew; 2
However, level 3 and level 4 test phxu are preoented to MSC

2.6 DEVELOPMENT TESTING (LEVEL 1) .
Level 1 testing is conducted as an integral part of thc eéudﬁoni

development portion of GSOP development. It uses an enginedﬁ!hg limu- :
lation to provide data for nubeequent verification of coding. - :

2.7 CRITICAL DESIGN REVIEW |

The Critical Design - eview. which is discussed in dat
Reference 1, is the final element of the program deﬂnition ok

GSOP draft, basic progru.a des gn concepts, and pnnm‘
test plans are reviewed by MSC, The reln‘ltinc mpprmd

GSOP approvel and agreement mt the coutucior

concepts, level { test reoulte. and. prelimlury' des

e . £l N |
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3. PROGRAM IMPLEMENTATION
The implementation of the CMC/LGC program begins ol!!c;_anf. after -
An approved design specification has been established at the CDR. '.l’lll } .
phase of program development continues until the First Article Cﬁuﬁﬁi- L ;
tion ln‘ipoction (FACI). " The activities during this phase are described iﬂlf B
the following sections and illustrated by Figure {-1, :

3.1 GSOP MAINTENANCE

During the program implementation phase, chanjei in the colW&‘
~ design requirements ‘lm‘uy become Recessary as the mission requirements

| and spacecraft data become more clearly define |

. reflected in the GSOP, ' Since the GSOP is under configuration contro
o following the CDR, it can be ch(nfod only with the approval of the sC

accordance with the procedure described in Reference o8

3.2 PROGRAM CODING AND INTEGRATION

The developmont of the CMC/ LGC program is accomplished in
step-by-step manner beginning with the coding of the basic subroutin

g These subroutines are then integrated into functional units (thé P-pro
: ‘and R-routines). I : TR |
UL The final step in the CMC/LGC program developr#’ﬁﬁt s the ints
S gration of the various functional un{tn to perform the sequences require;
L | by the various mission phases. | RN
. f; ~ During the program implementation phu@. flow c‘ha.iu of all the

subroutines, R-routines, and P-prd‘g’x“-ams;ne generated. aha->puyn-n. :

e ) ‘These aoWichartj are dolig'ncd_to jiéBvido' an accurate do"l#ﬂ]‘iﬂon-z,o!f v

A . Program and its design and organisation, In addition, cm‘nntprogr '
T listings are made available to MSC for réview at rogularilhﬂlll.
of pnguui constants is a part of this output. ' AT

3.3 DEVELOPMENT TESTING (LEVELS 2, 3, 4)

S Dov’lmﬂlﬂﬂt' are coaductﬂllt ﬁr;o\;i.*lovol 3
" modlag and intsgration to verity compliance with the desigs




‘the FACI, MSC reviews the development activity and the davolopmont

for evaluation of 1ovnl 2 tutln(.

Level 3 testing .i- conducted to verify !unctiond ronﬁnn md
P-programs, .

Level 4 testing verifies the integration of the P-programs into " i

mission sequences. Upon successful completion of these tests, the
program is ready for qualification testing. The results of all develogmcnt
tests are providod to MSC as they become available, “ i
3.4 QUALIFICATION TEST PLANNING |

During the program implementation phase, the aoftwngc-contuctor
prepares a Qualification Test Plan for MSC approval at the F:ACI. .The test
plan provides for overall mission phase testing, including at least one - ‘
end-to-end run using current vehicle and mission planning informa.tldn;' -
The test plan document contains the descriptions, purpose, data acqnili- R
tion and application plans, and schedules for all qualificaﬁon te-t rnnl. |

e

3.5 FIRST ARTICLE CONFIGURATION INSPECTION
The program implementation phase officially ends at the FACI

testing results and, if satisfactory, official approval to bogin tho
qualmcation tut'lng is given,

o:acmxy approved by MSC.




. program assembly is controlled by FSB. The purpose is to auure that

‘the final program assembly at the end of the qunlmcation phuci

by MEC at the FACI and miaintained as describad in Saction 4. z.; X

‘tests as ducunod in.socaoh 3.4, are »portorm&ﬂulc thu e
""vuioactulc. S DR SR o

program. This and other acuvitiel occurring durlng thh porié& re
described in this section and illustrated by Figure 1-1.

4.1 GSOP MAINTENANCE , ok

During the period of program qualification, the GSOP remains ~
under configuration control by the Apono Spacecraft Software Coniigurtﬂon, .
Control Board (SCB) and is mnintdned current as described ip"Scctlon 3. 1.

If, during the Period of program implementation and qnaliﬂcation.
there have been significant GSOP revisions, the document lhonid be
revised by the contractor to include all revisions, , Th:lo Iinal GSOP is
delivered to MSC lubuquent to the CARR. ‘ o
4.2 PROGRAM MAINTENANCE , _4‘:

During the program qnaliﬁcation phue. the configunﬁon of the

‘»

due consideration is given to retest requirements to qualify program W
changes and to assure the applicability of all qualification test nobltl to ©

4.3 QUALIFICATION TESTING - "‘ﬁ..@ :

The Quam‘icntion Test Plan calls for the testing of al.l pro‘rqm- ud
operational sequences specified in the GSOP to verify that the dt\nro
has been designed:in accordance with specifications,

Qualification tuﬁnl is performed on the progrun nu

testing is dou by MIT on tho MIT hybrld and all dlg!tsl s
These uot-. which ‘Tepresent ronnomcxm of levels 3 and4 L

51




‘,’\n

'rhe bu!o for MBC evalnation and accopuncc of the
quuﬂcauon test ruulto. Test results are delivered to
as they, become avdlablo. The results ué roviowcd !or
acecptsbmty prior to the CARR.

'I’hc CARR is 'hold fouéwing thc complqtion of qu )
and the annlycis of quluﬁcation test relnlta by MSC T

, ared ut the CARR rmuot be adaquhtﬂ
there are no. unruolv.d ditforcncu betw«n tho software
cations and the progrm itself,

Acuon- and dochlonu taken at the CARR or in-ﬂn
cotnpldte the CMC/LGG -oftware dovelopmont progum.
complotlon 1-"13 fonov'b’n o

a) AnMSC lpproved final csop

b) An MSC approved and accepted computer prog
consistent with the final G P ; "
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