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P RO BLEM 

SOFTWARE 1 S EXPENS I V E  

SCHEDULES ARE DIFFICULT TO PRED K T  AND TO MEET 

COST AND SCHEDULE OVERiiUNS ARE C O A V ”  

FUTURE PROGRAMS VVILL BE IO TIMES L A R G E R  THAN PAST PROGRAMS 

HOW C A N  SOFTWARE COSTS BE KEPT U N D E R  CONTROL? 

M.I.T. CHARLES STA.RK DRAPER LABORATORY Cambridge, Massachusetts 
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TYPICAL PROGRAMMING - PROBLEM AREAS - 

COORDINATION OF SOFTWARE EFFORT 

SOFTWARE SPECIFICATIOKS 

SCHEDULES 

M A C H I N E  RESOURCES (FIXED AND ERASABLE MEMORY) 

CODING DIFFICULTIES (FIXED POINT, LACK OF COMPILER, ETC. 1 
ERASABLE hlANAGEMENT 

RESTART PROTECTION 

VERIFICATION TESTING 

COliAILIUNICATION OF C R I T I C A L  DATA 

DEFINITION OF INTERFACES 

DOCUKENTATION 

CONFIGURATION CONTROL 

M.I.T. CHARLES STARK DRAPER LABORATSRY C c m b r i d g e ,  Morrochusefts 1 
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KEY ELEMENTS OF SOFTWARE DEVELOPMENT - 

TRANSLATION OF TOP LEVEL PAISS I9N REQU I KEMENTS iNTO SOFTWARE 

REQUIREh;\EP!TS AND ORGANIZATION ' .  

SOFTWARE ANALYSIS, DESIGN,  A N D  SPECIFICATION 

CODE GENERATI  ON 

- SOFTWARE VERIFICATION 

DOCUMENTATION 

CONFIGURATION CONTROi 
\ 

M.1.f. CHARLES STARK DRAPER LABORATDRY Cambridge, Massachusetts * /  
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H A R D W A R E  AND SOFTWARE SPECIFICATION 
1- - 

SPECIFY HARDWARE AND SOFTWARE TO M I N I M I Z E  COST OF CODE 

GENERATfON AND VERIFICATION 

U T I L I Z E  RADICAL S I M ? L F I C A T I O N  OF H A R D W A R E  AND SOFTWARE 

STRUCTURE, i F  NECESSARY, TO CONTROL COSTS 

kA.1.T. CHARLES STARK DRAPER LABCIRATORY Ccrnbridge, Massachusetts 
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EXAMPLE I: GENERAL PURPOSE STRUCTURE 

ADVANTAGES 

EXPERIENCE WITH G R O U N D  B A S E D  SYSTEMS 
EXTENSIVE LOGICAL SWITCHING AND SUPERVISQRY C A P A B I L I T Y  

D I SADVANTAGES - 

V E R Y  EXFENSIVE TO GENERATE A N D  TO VERIFY CQDE . 

COMPLEX OPERATING SYSTEM IS INAPPROPRIATE TO A WELL DEFINED 

D IFFICULT TO SPECIFY . .  

COSTLiKELY TO GET OUT OF CONTROL- 

APPLICATfON 

..- 

,M.I.T. CHARLES STARK DRAPER LABORATORY e Cambridge, Massachusetts - 
" 



ADVANTAGES 

IDEAL FOR MACHINE WITH: * 

LIMITED RESOURCES (TIME, MEMORY, ETC:) 
SHORT F?ESPONSE.TIME REQUIREMENTS 
NO SUBSYSTEM COMPUTATIONAL CAPABILITY 

MODERATE COST FOR CODE GENERATION AND VERIFICATION 
FLEX I BLE PROGRAM STRUCTU RE 
M0DULA.R PROGRAM ELEMENTS 
EASILY SPECIFIABLE 

DISADVANTAGES 

INTERRUPTS REQU f RED 
MULTlPROGRAMMED SYSTEM fS EXPENSIVE TO VERIFY 
DIFFICULT TO PREVENT INTERACTION BETWEEN COMPETING JOBS 

M.I.T. CHARLES STARK DRAPER LAEORATGRY Combridge,  lAcssochusetfs * /  
- 
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- E X A M P L E  3: PSEUDO BATCH-MODE STRUCTURE (STS TASK 5) 

ADVANTAGES 

H I G H L Y  SIMPLIFIED SOFT\$!ARE STRUCTURE 
NO INTERRUPTS OR MULTlFROGRAkIM,lIG 
SI”IL1FIES PROGRAM SPECIFICATION 
PROMOTES MODULARiTY OF PROGRAitllS 
ALLOWS SPEC1FICATIC)N OF RESOURCES BY: 

CPU TiME 
SYSTEM RESPONSE 

JOBS ARE RUN AS DECOUPLED S E G W N T S  - M I N i M A L  INTERACTION 
SIMPLIFIED SUB SYSTEM SELL-OFF PROCEDURE 

-RUN RELEVANT SUBSYSTEM MODULES 
SIMULATE LOAD OF OTHER SUBS‘fSTEM JOB SEGMENTS 

. .  

D I SADVANT.4GES 

PREP2OCESSING REQUIRED AT SliBSYSTE11;; LEVEL- 
SYSTEM RESPONSE TIME IS RELATIVELY SLOW 
JOBS MUST BE SEGMENTED 

. 

M.I.T. CHARLES STARK DRAPER LABORATORY Cambridge, Massachusetts 
- 



RESPONSE TIME I 
i CENTRAL i 

AT TH I S LEVEL I 
s' I O  MS. CONPUTER 

I i 

RESPONSE T I M E  
AT TH IS LEVEL - N 1 0 0 ~  SEC. 

I 
110 BUS 

i 
l 

D E D  I CATED COUNTERS, 
LQG IC TIMERS, ETC. 

d 
SUBSYSTEM SUBSYSTEM 

M.I.T. CHARLES STARK DRAPER LABORATORY Cambridge,  Mcssochusetts * /  
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HARDWARE SPECIFICATION - 

FAST C P U  

FLOAT1 NG PO I NT 

SPECIALIZED OP-CODES FOR 
VECTOR-MATRIX MANIPULATION 

MICROPRAMMED OP-CODES ’ 

S I N G L E  INSTRUCTION RESTART 

ADEQUATE MEM9RY 
LONGER WORD LENGTH 

ADEQUATE ERASABLE 
MASS MEMORY 

TEST-COOPERATIVE FEATURES 

APOLLO PROBLEM SOLVED 

COMPUTATIONAL OVERLOAD REDUCED 

ELIKINATE FIXED POINT OPERATIONS 

ELIMINATE INTERPRETIVE OPERATI3NS 

DELAY DETAILED MACHINE SPECIFI-C:AT1(3N 

ELIr\n INATE SOFT\!’dARE RESTART PROBLEMS 

GREATER P R E C I S  ION, FEWER DOUBLE AND 
TR i PLE PREC I S I ON COM PUTATI ONS 

REDUCE ERASABLE C9NFLICTS 
REMOVE i I M f T ON G R0WTt-f OF MEMORY 

REDUCE VERIFlCATfON COST AND II\IIPROVE 
CONF t DENCE I N  FIJ GHT CODE 

M.I.T. CHARLES STARK DRAPER LABORATORY Cambridge, Mcrsochurarts 



. I  
1 .e - a a -  1 

E X A M P L E  4: POINTER D R I V E N  S O F T W A R E  S T R U C T U R E  - POSEIDON C O M P U T E R  

A D V A N T A G E S  

S T A T E  OF M A C H I N E  D E F I N E D  BY S E T  OF P 0 1 N J E R S  

NO O P E R A T I N G  S Y S T E M  

NO I N T E R R U P T S  - GREATLY S I M P L I F I E S  V E R I F I C A T I O N  

S T R U C T U R E  E M P H A S  I , Z E S  I \ i lODLILARITY 

EASILY S P E C I F I E D  FUNCTIONS 

S T R U C T U R E  L E N D S  i T S E L F  TO STATIC V E R I F I C A T i O N  

D I SADVANTAGES 
. .  

LESS FLEX I BLE THAN APOLLO 

REQU I R E S  S T R U C T U R E D  S E Q U E N C  I N G  

BEST F O R  O E T E R M I N I S T I C  SYSTEMS (LOCAL P R O C E S S O R S ,  ACE, O R  
" 

U N M A N N E D  MISS IONS) 

M.i.T. CHARLES STARK DRAPER LABORATORY Cambridge,  Massachusetts 
- 
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Pointer 1 

Level 1 

Program; 

Pointer i 

Level 7 

Program:  ' 

Pointer 3 

Etc .  
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RECOhIMENDED TOOLS AND TECHN I QUES 

COMPILER AND METACOMPILER 

AUTOPAATED F L I G H T  COMPUTER VERfFICATiiIM FACILITY 

INTERACTIVE PROGRAM DEVELOPMENT AND VERiFICATiON TECHNIQUES 

SELF-CONTAINED AUTOMATED CHECKOUT FACILITJES I M B E D D E D  I N  
F L I G H T  SOFTWARE 

COMPREHENS 1VE STATIC VERIFICATI9N TECHNfQUES 

SELF-DOCUI\ilENTATiON 

MODELLING TOOL TO EVALUATE SOFTWARE STRUCTURES 

M.I.T. CHARLES STARK DRAFER LABORATORY Cambridge, Massachusetts 0 
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COMPILER 

ESTABLISH CONTINUITY BETWEEN GUiDANCE ANALYSTS AND 
FL I GHT COMPUTER P ROG RAMME RS 

I REDUCE COST OF CODE. GENERATION 

PERFORM STATIC VERIFICATION 

ENFORCE PROGRAMh\ING CONVENTfONS 

.PROVfDE SELF-DOCUhlENTATION OF CODE 

REDUCE DEPENDANCY OF CODE ON MACHINE ARCkiITECTURE 

M.I.T. CHARLES STARK DRAPER LABORATORY Ccmbridge, Mcssachusetts // 
- 
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AUTOMATED FLIGHT COMPUTER VERIFICATION F A C I L i T Y  

EST-COOPERATIVE FLIGHT COMPUTER L I N K E D  TO GENERAL PURPOSE 
C O M P U K R  

COMMON FACILITY FOR PROCEDURAL SihWLATIONS AND DIGITAL 
S IR;\UlATIONS 

DETAILED DIAGNOSTIC CAPABILITY 

STATE OF M A C H I N E  CONTINUOUSLY RECORDED 

R E R U N  CAPABILITY 

M.I.T. CHARLES STARK DRAPER LABORCiT*ORY Cambridge, Massachusetts 
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INTERACTIVE PROGRAM DEVELOPMENT AND VERIFICATION 

INEXPENSIVE TV DISPLAY FACILITY ($5,,7110 PER TERMINAL)  

CONTROLLED ACCESS TO COMMON.DATA BASE 

INTERACTIVE TECHNiQUES FOR: 

DEVELOPMENT PLAN 

G U I D A N C E  ALGORITHM DEVELOPMENT 

FL I GHT P ROG RAMM 1 NG 

S IMULAVION INPUT AND EDITED OUTPUT 

MA I NTA I NANCE OF PROGRAhIS 

i 

0 L 

M.I.T. CHARLES STARK DRAPER LABORATORY Cambridge, Masscchusetts 
" * /  


