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“ EF207 .
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MARSHALL SPACE FLIGHT CENTER NAME. : :
: g J T.POWELL

DATE:

~ COMPUTER STUDY Y L

LABO RATORY

Dmsvmms’ | SPACELAB EXPERIMENT

OBJECT IVE OF STUDY |

e T0 DEFINE VIA ANALYS IS AND TRADE STUDIES THE MOST COST EFFECTIVE

CONFIGU RATION OF FLIGHT COMPUTATIONAL RESOURCES THAT UVILL SATISFY
SPACELAB USER REQUIRENIENTS |

APPROACH |

i fiff ® PROJECT COSTS ASSOCIATED WITH VARIOUS OPTIONS (CENTRALIZED VS.

| DISTRIBUTED) THAT CAN POTENTIALLY BE ADOPTED TO SATISFY THESE
~ | REQUIREMENTS

® PROJECT TOTAL COSTS ASSOCIATED WITH SOFT\NARE DEVELOPNIENT INCLUDII\IG: R

e EXPERIMENT COMPUTER(S) SOFTWAKE
@ SUBSYSTEM COMPUTER SOFTWARE
. ® EGSE COMPUTER SOFTWARE
e SUPPORT SOFTWARE
@ SIMULATION SOFTWARE -
@ ASSOCIATED HARDWARE

*. - MSFC . Form 1304 (Hev Octébue 1972) FILE NO.
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- [orommRToR: — T - MARSHALL SPACE FLIGHT CENTER RAmE :
g PR B ST J. T. POWELL

Comsems | SPACEBEXPERIMENT Lo T
EERIR | | COMPUTER STUDY  APRIL1E7S

STUDY. WETHOD | B |

o o DERIVE CONIPUTATION REQUIREMENTS FOR SPACELAB PAYLOAD ELEMENTS {EXPERIMENTS)

- BY DETAILED ANALYSIS OF THREE NIISSIONS EXTRAPOLATION TO 226 MISS [ONS IN

| ] NIISSION NIODEL

eSPEED
e MEMORY - MAIN AND BULK |
e STATEMENTS T BE CODED

| '_0 I:STINIATE SIZE OF EUROPEAN DELIVERED SOFTWARE AND THE EXPECTED CHANGE RATE
: | o DEFINE OPTIONS T0 BE EVALUATED
:o DEVELOP COMPREHENSIVE SET OF ASSUNIPTIONS AND GROUND RULES
® DEFINE IVIETHOD OF COSTING FOR EACH ELEMENT
| §=;CONIB_INE‘CO.STS TO DEIERNIINE YEARLY AND TOTAL COSTS

. NIAI_N'T}'AIN-SE:PARAT.I;ON OF COSTS - SPACELAB AND USER

e EXAMINE MAJOR COST ELEMENTS FOR SENSITIVITY TO ASSUMPTIONS AND GROUND RULES

] 0 MAINTAIN TRACEABILITY FOR ALL COST ELEMENTS

© o MSFC Parm 3304 {Rav dcaber 1972} . FILE NO.




STUDY APPROACH

THE OVERALL APPROACH FOR SIZING EXPERIMENT APPLICATION SOFTWARE WAS

.~ TO REVIEW ALL PAYLOAD ELEMENTS CONTAINED IN THE SPACELAB MISSION.
"MODEL (PMO01, 75-253%, DATED 11/ 75) WHICH CONSISTS OF 226 FLIGHT OF FORTY-
“FIVE (45) DIFFERENT MISSIONS. OF THIS TOTAL NUMBER OF MISSIONS THREE (3)
WERE SELECTED FOR DETAILED ANALYSIS, THE THREE (3) SELECTED WERE
- MISSIONS EIGHT (8), FOURTEEN (14}, and TWENTY ONE (21}, FOR THESE THREE
{3y THE DETAILED SOFTWARE REQUIREMENTS WERE. DERIVED AT THE PAYLOAD

: ELEN’EN’I’ FUNCTIONAL LEVEL, THE DERIVED REQUIREMENTS WERE S'I'ATED IN.

. TERMS OF MAIN MEMORY, BULK MEMORY, AND EQUIVALENT ADDS PER SECOND

' 'ZTEMPERED BY REALISTIC GROUNDRULES APPLIED TO MINIMIZE THE TOTAL . ‘
,SOFTWARE JOB WHILE MAXIMIZING PAYLOAD RETUBN - FOR DATA LISTED IN SPDA .AS .
;jTBD ENGINEERING ESTIMATES WERE USED. MISSION TIML LINES WERE APPLIED
CAND REQUIREMENTS WERE SUMMED, IF APPROPRIATE, FINALLY, THE DATA

- GENERATED WAS EXTRAPOLATED OVER THE MISSION MODEL AND YEARLY TOTALS

' GENERA'I‘ED FOR SOFTWARE DEVELOPMENT MAIN’I‘ENANCE AND DISTRIBU'I‘ION

"-3NOTE THAT ‘I'I-IE THREE (3). MISSIONS ANALYZED IN DE'I'AIL WERE MADE UP OF 20 PAYLOAD

= _-:':ELEMEN‘I‘S NEARLY HALF OF THE TOTAL (47). THE FINAL SOFTWARE REQUIREMENTS

DATA IS REFLECTED IN GENERAL DYNAMICS (CONVAIR DIVISION) REPORT "SPACELAB
S PAYLOADS ACCOMMODATION S'I‘UDY " DATED MARCH 5, 1976 REPORT NO. CASD-NAS%-
- 10, GONTRACT NASS 29462 '
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DATE,

" APRIL1976

"-s OF”rWARETREQUrR‘fEMENTé

OVERALL APPROACH

“SELEGTION OF - -
P/L'S FOR DETAILED
CANALYSIS

) CR[TEFHA

e LEVEL OF. CONFlDENCE

DETAILED PIL SOFTWARE REOTS_ .

FOR HEPRESENTATIVE P/L'S

e 3MISSIONP/L'S
‘® 20 P/L ELEMENTS.
c 19 FLIGHTS

wrra

 SPDA LEVEL A DATA &
NASA/GDC ESTIMATES

COMPUTER PROCESSING RECITS |
- FOR MISSION MODELP/L'S *

®: 45 'VHSS!ON PlL'S :
e 47 PAYLOAD ELEMENTS
@226 FLIG‘HTS C

SPD!_J_. SPACE SHUTTLF PAYLOAD

AT ﬁ. ANALYSIS
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ORGANIZATION R

S DATASYSTEMS‘
" . LABORATORY

- MARSHALL SPACE FLIGHT CENTER

SPACELAB EXPERIMENT
COMP UTER STUDY

L ) HAME:

. LT.POWELL

DATE:

'APRIL 1976

co e DATA BASE USED

s OIFTWARE REQUI REM“ENTS.‘ STUDY ¢ ROUI;\'ZIDRU?LES

. JULY 1975 SPDA LEVEL A PAYLOAD DATA | | B 1
“® FOR MISSION 8, THE LEVEL 1 CONSTRAINTS FOR FIRST SPACELAB FLIGHT AND SPACELAB *

- FIRST FLIGHT GUIDELINES LEVEL 1 (BOTH DATED NOV. 1975)
8 SPACELAB MISSION MODEL IPMOII 75-253, DATED 11!75 B

| .USE DETAILED ANALYSIS DATA IMISSI@NS 3, 14, 21) TO REPLACE LEVEL A DATA FOR APP—
| ROPRIATEPAYLOAD ELEMENTS .
i eTALL POLES IDENTIFIED WILL BE FURTHER EVALUATED BY MSFC/GDC

e @ FUNCTIONS THAT CANNOT BE EFFICIENTLY HANDLED BY THE CREW MANUALLY SHALL BE CON-
“SIDERED FOR AUTOMATION - |

OTHE CREW SHOULD BE PROVI DED A LEVEL OF PAYLOAD CONTROL AND MONITORING THAT WILL
L YIELD HIGH CONFI DENCE OF PROPER EXPERIMENT OPERATION AND EXPERIMENT DATA QUALITY

o OTHROUGH MODEST INCREASES IN ON- BOARD PROCESSING REAL-TIME TRANSMISSION
. REQUIREMENTS WILL BE MINIMIZED WHERE POSSIBLE :

| ®PAYLOAD ELEMENT REQUIREMENTS WERE SUMMED FOR EACH N\ISSION lF POINTING
REQUIREMENTS WERE. COMPATIBLE

“ MSFCFaim 3104 (Rev October 1932+

R

FILE NO..



. PAYILOADS USED FOR DETAILED ANALYSIS.

-',.___.?MISSION & WAS SELECTED AT THE SPECIFIC REQUEST OF THE SPACELAB PROGRAME:_ -'

. 'MANAGER. IT IS ATYPICAL SINCE IT IS THE FIRST SPACELAB _FLIGHT AND -

'}?'j__'_i;v--;INcLUDEs THE LARGES'I‘ NUMBER OF PAYLOAD ELEMENTS.

::5"MISSIONS 14 AND 21 WERE SELEC'I‘ED BECAUSE THEY REPRESENT A REASONABLE
+ SPREAD OF REQUIREMENTS (LOW TO HIGH) AND BECAUSE GOOD DETAIL WAS.

_AVAILABLE FROM PRIOR ANALYSES THESE MISSIONS WERE ALSO COVERED IN
_1_‘ THE GRAS STUDIES | |



' MI:SSIONS-..EXCEEDING GDMS_:CAPA,CITY:'

. THE: FIRST 3 MISSIONS SHOWN OPPOSITE SLIGHTLY EXCEED THE AVAILA.BLE |

OPERATIONS PER SECOND CAPACITY OF THE CENTRAL EXPERIMENT COMPUTER

. WHEN THE OPERATING SYSTEM AND CONTINGENCY ARE CONSIDERED, IT WAS
. CONCLUDED THAT THESE 3 MISSIONS COULD BE ACCOMMODATED BY MINOR
R_'EViSION O_F 'I’I—IE R'EQUIR_EMEN’I‘-_ OR BY,_USiNG.- THE CONTING-_ENCY RESERVED,

5 ,_-THE LAST 4 MISSIONS LISTED EXC“"ED THE CURRENT A.ND ANTICIPATED STATE OF

THE ART, IN TERMS OF OPERATIONS PER SECOND, IT WAS ASSUMED THAT THE . '

" FUNCTION COULD BE ACCOMPLISHED BY SPECIAL PURPOSE HARDWARE, YET TO '
‘BE DEFINED, AND THE SOFTWARE REQUIREMENTS WERE TREATED AS VALID,
_NO COSTS WERE INCLUDED FOR THE SPECIAL PUBPOSE HARDWARE

N IHQ-ATM/SFAGEI;AB'MIS;G;ION IS NO LON_GER BEING CONSIDERED.
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m = IRODULE + PALLET

et ¥ 4 DISTIHGUISH DIFFERENT OABITS 1] IREMON
DUHA'HDN FOR SAME KMISSICN PAYLDACI

NAME:
. : _ J. T. POWELL
DATA SYSTEMS SPACELAB. EXPERIMENT 2l
LABORATORY ' . DATE:
R COMPUTER STUDY APRIL 1976
'S PACELAB M1SS l ON PAYLOAD MODE . OF FLIGHTE
) . . CALENDAR YEAR .
i ) 73 | .60 81 22 | 33| 8¢ | &= | o5 | ®7 5¢ | %8 1 2] 5
(STioa] . 200 mission 21 - - 1 | 2
AST-108 - 200 STELLAR ASTROMOMY [ 1
AST-10C. ~Z00.STELLAR ASTRONDMY : : : B 1 1
“AST-1DDU7X® 200 STELLAR ASTRONDMY 285 DEG onnm . : i . 1 1
AST.10007Y 200 STELLAR ASTRONOMY {80 DEG ORBIT! - 1 1
ASTI0030X 200 STELLAR-ASTRONOMY (205 DEG ORSIT) 3 1
'AST-10030Y 209 STELLAR ASTROROMY (80 DEG ORBIT) . 3 1 )
_AST-10F 200 STELLAR ASTRONOMY 1 . 1
T AST-100 200 STELLAR ASTRONOMY 1 1
AST-100 - 200 STELLAR ASTRONOMY - 1 1
* AST-10KO7 . 200 STELLAR ASTRONOWMY 3 - T
(AST-10K30 200 STELLAR ASTRONCMY T 2
AST 0L 200 STELLAR ASTRONOMY i3
AST-10M° . 200STELLAR ASTRONOWY : 1
AST-118 200 SOLAR PHYSICS : ] F 2 i 8
ASTA1CO7 200 SOLAR PHYSICS i 1
AST-11630 .- 200 SOLAR PHYSICS 1 1
AST-11030 - . 200 SOLAR PHYSICS 1 1
. AST-TIEO? - 200 SOLAR PHYSICS 1 1 | 2
LAST-11E20 - 200 SOLAR PHYSICS ‘ o ; - 1 1 1 R
- LS2A07 - 100 LIFE SCIENCES SHUTTLE LAsoaAToﬂY Moo 1 g P B T : <
LS2A30 ‘100 LIFE SCIENCES SHUTTLE LABORATORY [MOD 1) . - i 1 2 2 2 2 2 2 F3 2.1 2 |8
" [MET (A 200 FIRST SPACELAB MISSION (MISSION 8) : ) ' 17 1 ] 1 1 1 1 1 7.
a2 (10 - 200 MULTI-USER BatS510M 10} B : : - 1 2 1 1 2 F] 3 2 2 172 |18
NNfD15 - 200 SPACE MANUFACTURING y . s i KD 1 1] 1 1 1 | 7
NN/D1GA'X 300 EARTH OBSERVATIONS (ESA 245 DEG OARIT} . . . ¢ . 1 ‘ 1 1 1 1| 1 |6
“NN/D 16A Y- 300 EARTH OBSERVATIONS (ESA 90 DEG ORBIT] . : - 1 1 1 1 1 1 1 1 1 {9
NMJD 1FB - ZD0 ASTRONOMY ESA ’ : Co - i 1 1 1 L
300 ULTIDISCIPLINE APPLICATIONS (MISSH 14.55 DEG). o . o 1 ' 1 : 1 1 1|5
OA-1A (18] ¥ - 300 MULTIDISCIPLINE APPLICATIONS (MISTH 1450 DEGI - ’ T : i 1 1 1 s
OAIB X © 300 GPL't (55:DEG ORBIT} . : ‘ 1 3 1 1 |4
OA-IB Y 300 GRL 1 180°DEG ORAIT) - — T 1 3 1 [ 1 Is
PHY-GA + 62 . 200 HIGH ENERGY (X-RAY/GAMMA RAY & COSMIC RAY SURVEY) 1 1 1 11 <
PHY.68. ~ 200 HiGH INCLINATION COSMIC RAY SURVEY 1 K 1
" PHY-C + 8D . 200 HIGH ENERGY IX-BAY ANGULAR STRUCT. & GAMMA RAY SUAV.) . 1 1 T 1 1 T 1 18
PHY.EE30 ‘200 GANEAA-RAY PHOTOMETRIC s‘rumes : ’ [ ) 1 1 1 1 ]6
. CPHY.?A © 300 AMPS {205 DEG QORBIT) - 1 1 T 1. 3 T | 1t T 17
L PHY.78 300 AMSS (56 DEG ORBIT) - . R I i 3 " E "
PHY.JC - 300 AMPS 190 DEG ORBITY ' ! . T 1 1 1 T 1. 1 3 [] HE] 3
©SPAA SOOSPACEPROCESSI“GLAMMHNED&AUTOMATED!S+G+C+FP+”¢S) ‘ 1 k] 1 3 [ .1 1.1 1 T o
SRR 200 SPACE PHDCESSING PIGGYRALK T (AUTO. FURHACEILFVI K [ S Z 2 2 ] 2 F] 3] 3 20
CST2A - '300 ADVANCED TECHNOLOGY LAR2 ] 1 1 1 1 1] 1 1 1 [ Y 1
5728 7+ 300 ADVANCED TECHNQLOGY LAB2 - Ty 3 T3 T 3 o e
‘ST-2C . 300 ADVANCED TECHNOLOGY LAR 3 1. 1T 1 1 3 i 1 1 1=
- ST2D -390 ADVARCED TECHHOLOGY LAA 3 T 1 1 1 [ 2 Z |7
108 - MICDULE TOTAL NO. OF FUGHTS[Z28 |
220 = PALLET - :
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1T POWELL

| ueoRsTom | COMPUTERSTUDY ?f_' AT

~ APRiIL 1876

PAYLOADS USED FOR DETAILED ANALYSIS

 MISSIONS G o mIssloN1d - MISSION21
WOINTNASA/ .~ (MULTIDISCIPLINE . (COMBINED STELLAR
" ESA) ... APPLICATIONS): ASTRONOMY)

| APE-01 LIDAR/LASER SOUNDER ~ CN-045 ELECTROMAGNETIC =~ AS01S 15MIR
S . ENVIRONMENT ~ TELESCOPE
AP-08-8 ELECTRON ACCELERO- o . ‘ -
. METER . CN-08S TWTOPEN . " AS-04-§ 1.0 M UV/OPTICAL
e | | ~ ENVELOPE - - TELESCOPE .~
AP-13-8 LOW LIGHT LEVEL TV C B | . o |
E0-20-5 IMAGING RADAR
| APEO7 PASSIVEATMOSPHERE o

~ SOUNDER  0P-03.S MICROWAVE RADIO:-
§ o METRY
SPE-01 FREE- FLOWELECTROPH-

. ORESISFACILITY .  gp3s BIOLOGICALI_FURNACE
S ~ 7 77 SUBELEMENTS AND CORE
5 S.P_E-BG/-_ ISOTHERMAL MULTI- St AR

85 HEATING FACILITY.
_EO.0TS ZERO G CLOUD PHYSICS
. sf-31-s DROP DYNAMICS FACILITY -

. STE-10 'ADVANCLD HEATBIPE
1S3 S' LIFE SCIENCE PAYLOAD |
o A-SE-U.‘I "me FIELD CAMEHA

'E__Q'E-o'j‘ METRICCAMERA |
 E09s "MKII INTERFEROMETER e
. CN-08:S OPEN TWT EXPERIMENTS
<i . VERIFICATION FLIGHT

- INSTRUMENTATION

| MSFC.Foim 1304 (RevOclotar 1972~ oo . B : . ' P - o FILE NO._
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batasystems | - SPACELAB EXPERIMENT

"' LABORATORY - ' - . [oATE

COMPUTER STUDY

J.T. POWELL

© APRIL 1978

EXAMPLE lNTEGRATED PAYLOAD CON\PUTER PROCESS ING TIMELINE

= 1} MISSION: 18 ' S ; - COMPUTER PROCESSING TIMELINES
C‘)‘ 11 PAYLGAD ELEMENT ALL SUMMAHY

=l AL WARY. JrvpicAL DAY. REPEAT FOR.DAYS3, 4,5; &6/ : :

173 '-HOURSFROMLAuNcH | 24 25“ 26 27 28 29 30 3 32 33 38 35 35 3738 39 40 41 42 43 44 45 46 47 dg

1 PAYLOAD ELEMENT OPERATIONS

CN-D1-§ EM EXPERIMENT

'EO-20S RADAR
OP-03-5 RADIOMETER"

- CN:0B-S TWT

“1: sp-11-5 B10/FURNACE?
-1 {*INCLUDES EXPERIMENTS 1u1 102,
201, 203, 207, & 209)

N 57930
51930

21

T 5132D°:
COMPUTER . |
LOADING

3003p

CEAPS(KI

2110

' 30 |382d1
. COMPUTER MAIN 85 i -
: moz 20 .

A6TR0.
MEMOF!Y o 0s" 104 .

oaTA . £ 5

B R | | |
‘DATABUS ¢ gl . : o A O ‘ :
TRAFFIE T 64 16081 | B 1 : _ _ —
g --'(;ONTAOLS-';:-g g:_-_rn' ]_r - r—l__rr-t_r—l__r'_ R | _l_ a2

1

ﬁJAmJWJ#meF. S 1o O O I
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" SPACELAB EXPERIMENT

 EFZIB

COMPUTER STUDY
OF COMPUTATIONS PER SEC.

Y

TOTAL CAPACITY

AVAILABLE.FOR EAS

g T e T % o8 QNN

— [—

- ST O/NN
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—___Bi-e5

N .

- 4l-48

- L 8r-ed -

— % 81-yg

=L (r1IHI-00.

——1 10l) ¢~
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L oe1 1-1SU

—_F «0311-1s4
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—t ™ =

WOT-18Y -

T 0({-154

— 0Ex01-1SH

T £0%01-184

- rgl-1isy

- 101-154
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CSPACELAB MISSION PAYLOADS
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- 140001-1848
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- 801-1SH .
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RAPib ACCESS MEMORY o

. THE AVAILABLE TOTAL RAPID ACCESS MEMORY. CAPACITY SHOWN OPPOSITE, IS -
- THAT OF THE BASELINE SYSTEM. THE CAPACITY AVAILABLE FOR EXPERIMENT
" APPLICATION SOFTWARE IS LESS BECAUSE OF REQUIREMENTS FOR OPERATING
. SYSTEM, COMMON CENTRAL SERVICES, AND CONTINGENCY. ADDITIONAL
.. MEMORY MODULES CAN BE ADDED WITH NO.DESIGN CHANGE TO ACCOMMODATE -
. THE INDICATED REQUIREMENTS, - ESTIMATED GOS’I‘S FOR THIS WERE INGLUDED
. IN THE OVERALL COST ANALYSIS |




51

. BULK MEMORY-

"THE: BULK ML‘MORY CAPACI'I‘Y WAS EXCEEDED BY THE SAME 7 MISSIONS WHICH

EXCEEDED THE COMPUTATIONS PER SECOND CAPACITY, NO COSTS WERE .
INCLUDED FOR MODIFICATION ON THE BASIS THAT THESE MISSIONS WOULD

- EITHER BE ELIMINATED, OR THE REQUIREMENT SOLVED BY THE SPECIAL-
_ PURPOSE HARDWARE POSTULATED EARLIER.
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ORGANIZATION:

" DATASYSTEMS -~
LABORATORY

MARSHALL SPACE FLIGHT CENTER

- SPACELAB.EXPERIMEMT -
COMPUTER STUDY

NA:MEs o )
J. T. POWELL

LAATE: ] o
APRIL 1976

A AST10a
i AST 10d
3 AsT0K
5. AST11d

. 6 . AS‘T?'Ie

7. Mu=2

 MISSION P/L

T4 Asi"rnb/e

MiSS |0N5?ZEXCEED;;NG CDMS CAPACHTY"

P/L ELEMENTS

1M UV TELESCOPE
1M IR TELESCOPE

1M UV TELESCOPE
3M AMBIENT TEMP.
IR TELESCOPE

M UV TELESCOPE
25M IR TELESCOPE

ATM SPACELAB
© SOLAR ACTIVITY *
SOLAR FINE POINTING.

X-RAY ANGULAR
STRUCTURE .
SOLAR ACTIVITY GROWTH
MK. Il INTERFEROMETER

" P/LELEMENT
- COMPS/SEC

167,600.
178,700

167,600
180,000°

167,600
180,000

 2,500,000*
2,500,000

' 2,500,000

20,000

" 2,500,000

7,600

- *BASED.0} PROCESSING (1024 X 1024} IMAGE EVERY 10 SECO:DS.

MISSION
COMPS/SEC

346,300
347,600
347,600
2,500,000

2,500,000

2,500,000

2,527,600

MSFC  Farm Y304 (Fev (¢ obar 1972
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EF219.

“COMPUTER STUDY

BULK MEMORY

-

L 59l O/NN

% 691 O/NN

;._] .

> S1 O/NN

- Ul-dS

.ﬂl..;]....ll”-_mﬂ.&m

- % 81-40

FOTAL CAPACITY

- X 81-60

L 1 491 /NN

T+ 1 yelul

A0t e-MA

ST ST

- 0Z-15

“r 88-LS

- HE-LS

T DEue-57 -

—1 /0u2-51
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omiasvstews | SPACELAB EXPERIMENT = | “T-Powewt

(LABORATORY - ol 'COMPUTER_S-STUDY}- i

-~ APRIL1976

ACCON\N\ODATION OF PAYLOAD REQUI REMENTS

| °THESE 7 HAVE STATED REQUIREMENTS THAT EXCEED STATE OF. THE ART

| SN\ADE UP 0F4 PAYLOADS

| ?f_' ®RAPID ACCESS MEMORY MUST BE EXPANDED FOR SOME PAYLOADS -

S -CAPABILITY TNHERENTIN MACHINE NO REDESIGN

© @BULK MEMORY - CENTRAL MAss STORAGE CAN ACCOMMODATE ALL MTSSIONS EXCEPT 7
 (SAMET AS ABOVE) ; |

eSPEED CENTRAL EXPERIN\ENT COMPUTER CAN ACCOMN\ODATE ALL NHSSIO\!S EXCEPTT |

MSFC 1 Earms K304 (Fev Lt 197 ° . ; . T . FILE NO,




COSTING APPROACH

o 'I‘I-IE COSTING APPROACH CONSISTED OF ESTABLISI—IING A COS'I‘ING METHOD FOR"
. _'_EACH COST FACTOR "THAT WAS IDENTIFIED AS APPLICABLE TO THE COS'I‘

o ELEMENT. WITHIN A GIVEN OPTION, THE COSTING METHOD EQUATION FOR

o ‘EACH COST FACTOR WAS THEN APPLIED, YIELDING A RESULT IN. TERMS OF:

.. ONE TiME COST, COS'I' PER FLIGHT, COST PER YEAR, USER COST, OR SPACELAB
K f.'COST AS APPLICABLE, THIS. DERIVED COST BY FACTORS WAS THEN SUMMED BY’
- YEAR, ESCALATED, AND A TOTAL COST PER OPTION ES'I‘ABLISI—IED THE TOTAL
. COST FOR EACH OP'I‘ION WAS THEN ANALYZED FOR SENSITIVITY TO 'I‘HE COSTING

- RULES SUCH AS RATE OF CI—IANGE COST PER STATEMEN’I‘ AND MISSION MODEL.

' DEL’I‘A TOTALS FOR EACH OPTION WERE DERIVED ‘I‘HUS GIVING VISIBILITY AS TO

i 'QENSITNITY EFFECTS,

ot a1 M S S B g A e ey e

i i 4 e s v B e 0 1
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--LABO RATO R‘l’

COMPUTER STUD_Y

| .-ORGAN'WION TR [ WARSHALL SPACE FLIGHT CENTER

NAME:

J.T. PDWELL o

' DATASVSTEMS SPACELAB EXPERIMENT

JoATE

. APRIL176

5 ;:;STUDY DEFINITION
S OBJECTIVE

L APPROACHj7..

METHOD ~

D ._:-COSTING

Csumwmry

- PRES-ENTATiON:OUTUNE. o

" _'::-SOFFWARE REQUIREN\ENTS DEVELOPN\ENT.“:? e

ST MSFC: Foim 3308 (R Odtaner 1902) 0
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. OPTIONS CONSIDERED

. qHE TWO BASIC OPTIONS CONSIDERED FOR THIS STUDY ARE: EMPHASIS ON USE
' OF CENTRAL ONBOARD COMPUTING RESOURCES WITH OVERFLOW TO MINI'S, AS
" REQUIRED, AND EMPHASIS ON USE OF DISTRIBUTED MINI'S WITH CENTRAL

RESOURCES PROVIDING STANDARD SERVICES, SUB-—-OPTIONS WITHIN EACH OP’I‘ION

L 'CONSIDERED SUCH ITEMS AS STANDARD MINI'S, .A.ND VARIQOUS EXPERIMENT

‘ .APPLICATION SOFTWARE DEVELOPMENT OPTIONS. IN ALL, THIRTY (30) OPTIONS

_WERE IDENTIFIED AND-A PRELIMINARY ANALYSIS MADE OF EACH. NINE (9) OF"

. THE T.HIR.TY (30),WERE. ELIMINATED FROM FURTHER.DE‘I‘AIL ANALYSIS DUE TO.

EXCESSIVE COSTS, OR DUE TQO THEIR BEING TOTALLY IMPRACTICAL TO IMPLEMENT -

A WELL AS CONTAINING EXCESSIVE COST ELEMENTS. THE REMAINING TWENTY- -
o ONE (21) WERE ANALYZED IN DETAIL AND THE RESULTS ARE INCLUDED IN VOLUME
C 2y BOOK 2 APPENDIX Bl THRU B30. ’ :

e 1L I A L S L o SISy ey 1 L
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[oreamzation: MARSHALL SPACE FLIGHT CENTER . |N&mME R
- e T e o J, T POWELL
DATA'SYSTEMS SPACELAB EXPERIMENT = | | o
. LARCRATORY. © COMPUTERSTUDY [
S x einabi e APRIL 1976 -
- COSTING APPROACH
o oerionsy |
o~ | GROUNDRULES
“cost ELEMENTS |
X ' " [requiremenTs
EXAMPLE EXPERIMENT APPLICATiON STUDY

MINI- -

cosT FACTORS

STUDY

COMPUTER"

EXAMPLE i1 SOFTWAHE ;
DEVELOPMENT

{2) COMMON.
SOFTWARE -

{3) HOST COMPUTER COSTING
TIME METHODS -

{4) SIMULATION ' oo
COMPUTER

o TIMEL  STATEMENTS/YR)

TIME FOR DEP
SOFTWARE-
(6) SIMULATION
COMPUTER"
‘TIME FOR DEP
SOFTWARE

L

S

'E.XAMPLE 1 COST/YR- (NO. OF HOL -

' SUMMATION OF
. ALLCOST
'FACTORS BY
YEAR

RESULTS :

 “MSFE - Farm 3304 e October. 1972]
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E"F'*z‘g“z”'l?ﬁﬁoﬁa.: ~ MARSHALL SPACE FLIGH"I'. csgtéa - A -_LL”
" patasvstems | - SPACELAB EXPERIMENT | L TPoWELE
i 2 o ':COMP'U_TER. STUDY- ' S S APRIL 1876

OPTIONS CONS IDERED

CENTRAL (1} ) S | SR LR D’IS‘TRIBUTED {(n
S § - 1 |

NO - : SRR STANDARD

E :NON_-STANDARD‘(_A',T STANDARD o, )
~ MINLFOR Y MINIFOR © MINI
OVERFLOW OVERFLOW T T - | . _ o
| BT : “ : B -~ HARDWARE -

R S . B - OPTIONS
o T .. .———-a«—‘ : - | 5 . Ths SOFTWAR'E_.
: : S _. . DEVELOPMENT
E - OPTIONS -

SR e

1. CENTRAL GROUP DEVELOPS EXPERIMENT APPLICATION SOFTWL\RE (E AS) AT CENTRAL SITE
2. PRINCIPAL INVESTIGATOR (Pl) EXPERIMENT APPLICATION SOFTWARE (EAS) AT CENTRAL S'TE

LA Lo‘cAL TO CENTRAL SITE
B. UT’LIZING REMOTE TERMINALS

3. PRINvIPAL INVESTIGPTOR (PII DEVELOPS EXPERIMENT IB.I-"PLICATION SOFTWARE {EAS) ON HIS
HOST THAT 1S COMPATIBLE WITH CENTRAL SITE = _ _

. A. ALL REALTIME S!MULATION AT CENTRAL SITE

B REALTIME SIMULATION FOR DEDICATED EXPERIMENT PRO "ESSOR {DEPI ENPERIMENT
APPL!CATION SOFTWARE (EAS) ON REALT]ME SIMULATION TEST SET (RTSTS) AT PR'NCIPAL

_ ‘ INVESTIGATOR (PH) FACILITY
4 PRINCIPAL IN JESTIGATOR (P1) DEVELOPS EXPERIMENT L\PPLICQTION SOFTWARE {EASI ON I-IIS '
HOST THAT IS NOT COMPATIBLE WITH CENTRAL SITE ‘ - E

" FILE NO,
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JORGANIZATION:

" EF200 . -

“MARSHALL SPACE FLIGHT CENTER

MARE; -

). T.POWELL

' & SUBSYSTEM COMPUTER
AND ACCEPTANCE

. SUBSYSTEM COMPUTER '
-SOFTWARE: MAINTENANCE

» SUBSYSTEM COMPUTER .

"MANAGEMENT, RELEASE,
AND DISTRIBUTION.

. EXPERIMENT COMPUIER =
. SOFTWARE DEVELOPMENT
AND ACCEPTANCE

o EXPERIMENT COMPUTER
SOFTWARE MAINTENANCE

1 3 EXPERIMENT COMPUTER

- 'MANAGEMENT, RELEASE,
“AND DISTRIBUTIONS

. HABDWAR_EEMODI-F:I-CATI_ONS S

SOFTWARE DEVELOPMENT

. SOFTWARE CONFIGURATION.“':

SOFTWARE CONFIGURATION -

o HARDWARE MODIFICATIONS
® GROUND CHECKOUT SOFTWARE

.DEVELOPMENT AND ACCEPTANCE.

- ® GROUND CHECKOUT SOFTWAFIE

~MAINTENANCE -
o~=_GFIOUND CHECKOUT SOFTWARE

CONFIGURATION. MANAGEMENT -

-RELEASE, AND DISTRIBUTION

¢ EGSE COMPUTER SOFTWARE

PRODUCTION SET DEVELOPMENT

 AND ACCEPTANCE _
® EGSE COMPUTER-SOFTWARE

- 'PRODUCTION SE-T-MAINTENANCE' ?

: 7« EGSE COMPUTER SOFTWARE
'PRODUCTION SET CONFIGURATION

MANAGEMENT, RELEASE, AND
 DISTRIBUTION

batasveTENS " SPACELAB EXPERIMENT |
PRARETORY. COMPUTER STUDY R semidee
SPACELAB COST ELEMENTS
Q_DMS EGSE CENTRAL SITE.

8 FACILITYA ACFOUISITION.

L] FACILITY OPERATION AND
AND MAINTENANCE

e HOST AND SIMULATION
COMPUTER SUPPORT ;

' SOFTWARE DEVELOPMENT
AND ACCEPTANCE

o HOST AND SIMULATION

COMPUTER SUPPORT o
SOFTWARE MAINTENANCE

i e i ik e e s A AT L E

MSFC: Forn 3304 {Rev Octobér 1972] -
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MA!NTENANCE

@ EXPERIMENT PREFLIGHT—
~CHECKOUT SOFTWARE '
DEVELOPMEI\IT E

@ EXPERIMENT PREFLIGHT

: CHECKOUT SOFTWARE
“MAINTENANCE B

‘e EAS DEPENDENT

~ CENTRAL SITE

. HARDWARE SUPPLEMENT
‘© EAS DEPENDENT

" CENTRAL SITE
- SOFTWARE SUPPLEMENT

& EXPERIMENT REAL-TIME

- SIMULATION SOFTWARE .
~ DEVELOPMENT =~

" & EXPERIMENT REAL-TIME

DISTRIBUTION

' @ DEP SOFTWARE DEVELOP- -
MENT AND PROCUREMENT

® DEP SOFTWARE
- MAINTENANCE AND
' D‘;STRIB_UTION

*DEP - DISTRIBUTED EXPERIMENT PROCESSOR

ORGANIEATION, MARSHALL SPACE FLIGHT CENTER NARE - -
J. T. POWELL
?»:ng ’gx%ms - SPACELAB EXPERIMENT | R
DATE: o -
o ERRREE COMPUTER STUDY _APRIL 1976 .
USER COST ELEMENTS |
PILHOST .. EXPERIMENT DEP* 'RTSTS*
 COMPUTER | S T |
' HOSTAND = ® EAS DEVELOPMENT ' EXPERIMENT PROCESSOR . '® RTSTS ACQUISITION
© SIMULATION . . o ACQUISITION _
- COMPUTER 8 EAS MAINTENANCE , X ' ® RTSTS MAINTENANCE,.
SUPPORT - ® EXPERIMENT PROCESSOR ~ OPERATION, AND
 SOFTWARE 8 EAS INTEGRATION ~ MAINTENANCE AND. DISTRIBUTION

'® RTSTS SUPPORT
AND PROCUREMENT

- ® RTSTS SUPPORT

SOFTWARE MAINTENANCE
AND DISTRIBUTION

S RTSTS - REAL-TIME SIMU LATION TEST SET

- SIMULATION SOFTWARE

- MAINTENANCE -

SOFTWARE DEVELOPMENT'_ o

"7 MSFE' Foim 3304 (ev Octolar 1972)

FILE'NO,
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ORGANIZATION:

DATA SYSTEMS

MARSHALL SPACE FLIGHT CENTER T TRARE,

J.T. POWELL

SPACELAB EXPERIMENT

LABORATORY COMPUTER STUDY -
OPTION/COST ELEMENT
CORRELATION MATRIX
/ . ngLaacQST-sLEusurs

OPTIONS.

- COMPUTING
CONFIGUNATION

4 #LOEVE

CENTHALIZID A nO%SYANDARD | 9 CENTRAL GADUP DEVELOFS FAS AT CENTRAL
QHBOAND . MNICOMPLTER PACILITY . .
. 2 r DEV[LD'SLSQSI‘I CIMTRAL FACILITY
AL -

STILL

) & AIMOTE:
A P BEVELOPS EAS AT RIS FACILITY WHICH IS
COMFATIELE WATH

A, FEALTIME SIMULATION @ 3TIL
L MUSES ANATSTS

LOPS EAS AT MIS FACILITY WHICH i3 n0T
COMPATISLE WITH STIL.

4 MDEVE

¥ STAKDAAD + CENTRAL GROUP DEVELDPS EAS AT CENTHAL
MNICOMPUTER FALELITY I5TILE : :
. 2 ) DEVELOFS EAS AT CENTAAL FACILITY
. A LOCAL

‘8. REMDT

E.
A M DEVELDPS EASAT HIE FACILITY TatiCH 13
COMPATIRLEHTMSTIL :
. A

A, SALHW.SINLILI‘I‘IDN ®5TIL
& FIUTFS AN RTITS
LOFS EAS AT HIS FACILIEY WRIGH IS 4OT

COMAATIRLE YITH §TIL

C MO 1 CENYTRAL BROUF DEVELOFS EAS AT
MINICOMPITER CENYRAL FACILITY ISTIL) -
T M OEVELOPS EAS AT CENTRAL FACILITY
© A LDCAL,

i REMDIE
I P1OIVELOPS FAS AT HIS PACILITY WHICH
3 CW!IICLF WTH £TIL

AEALTIME SIMULATION @ STIL
¥

8 PIUSESANR
A PIOEVELOPS FAS AT HIE FAZILETY WHICH IS
NOT COMPATIBLE WiTH STIL

‘CONFIGURATION

OISYRIGUTED A HNOMITANDARD 1. CENTRAL GROUM DEVELOPS EAS AT CINTAAL

QNEDARD AEICOMPUTER FACILITY ESTILY
COMPUTING T FIOEVELOPS EAS AT CENTRAL FACILITY
A A

|- B AEMOT: .
3 M OEVELOPS EAS AT IS FACILITY WHICH IS |
COMPATINLE WITH STIL .

(]
A REALTIHE HINULATION $ ETIL.
B P USES ANRTSTR

& K] OEVELOPS EAS AT HIS FACILITY WHICHIS
HOT COMPATIBLE WITH STik .

3 ETAHDARD 1. CENTAAL GACUP DEVELOPS EAS AT CENTAAL
MINICOMPUTER FACILITY ISTIL]
. . T PIDEVELOPS CAT AT CENTRAL FACILITY.
: A LOCAL.

L & AEMQTE. .
L 7] BEVELDPS CARAT HIG FACILITY WHICH TS
COVPATIALE WaTH FTTl. :

REALTIME SULATION B STIE,
AN A

- R MUSE 1 -
A PIOEVELORE EAL AT HIS FACILITY WHICH If HOT

COMPATIELE wiTH FT1L. -

IASFC . Farm 3304 (Rev Octobar $912)

SN AP st e e




EE210

A L

COMPUTER STUDY

[oRGANZATION: MARSHALL SPACE FLIGHT GENTER NAME: :
L o ' _ ' J. T.POWELL
DATA SYSTEMS SPACELAB EXPERIMENT :
- .LABORATORY [pATE:

APRIL 1976

£ w0k STANDARD

OFTIONS

OPTION/COST ELEMENT
CORRELATION MATRIX

SPACELABUSER COST ELEMENTS

4. EXPERIMERT

)
‘0

CENTRALIZED
ONEOARD :
COMPUTING .
CONMCURATION

MMCOMUTEN

STAMDARD

1 .CENTRAL GRDUF DEVELDES AT AY CENTRAL
FACILITY .
2 M GEVELDFL RAT AT CINTRAL FACILITY:
A LECAL,
L ¥ ALMOYE. ’
3 M ODEVELOPS EAT AT HE FACILITY WHICH T
COMEATINLE YTH STIL.
A NEALTIE HIWILATION @ STIL,
X AW NTETL

GO ATIELE WITH STIL. .

HINIECMrUTIR

1 CEHTRAL GROUF DEVELOFS EAR AT CENTAAL
FACILITY IZTIL)

¥ 7I DAVELDPE EAT AT CENTRAL FACILITY.
A" LOCAL. - - : :

Lo # REMOTE
L P DEVELORS [AS AT HiS FASILITY WHICH LS
| COMPATIELE WITH ETIEL
: A REALTIME SIMULATION @ STIL,
: 8 PIUSES AN ATETS S
4 PIOEVELDAS LAS AT g FACILITY WHICH 3% 40
< COMEATILLE WETHETIL,

L) y
MIKICOM LITER

A HOQM STANDAND

"1, CENTRAL QROUF DEVELOFS BASAT

T RENTRAL FACILITY STILY )
T. Pl QEVELGS LAL AT CENTRAL FACILITY .
: A Al

L B REMDTE :

2 M OEVELUPS £AT AY IHE FACILITY WisiCH

. AECOMPATIALE PRTHETIL L
A HEALTIME SULATION 8 ITIL
R P yYSES AN RTETS

A P OFVELDRS EARATHIT FACILITY moncr 15

tOT COMrATIALE WITH STIL.

OnTmsoItD
AR

CONMUNING
COMMGURATION

M HICOMUTER

‘STANDARD

1, CEWTRAL CAOUPF DEVELOFS EAL AT CYHTRAL
: FAQELITY ISTILY s N
3, 1 DEVELOFS CAS AY CENTRAL FASILITY

T A LOCAL

o0 R, AEMOTL
T P DIVELOAE CAT AT RIS FACILITY WHICH K
T CORMFATIELE PriTH STIL
A AEALTIMNL FAMILATION @ STIL
FIUSES AN W
& FICEVELDPT TAS AT HIS FACILITY WrHICH IE
HOT COMFATIILE ¥iTH STIL

N ICOMUTEN

1. CENTRAL GAGUF DEVELOPE JAL AT CINTRAL
;. FACIOITY IFTIE).

2 M DEVLLOSS EAL AT.CHNTNAL FACIUTY,
. A LOCAL: .

B nTMate
2. P1 DEVELOFS EAL AT tHE FACILITY WRECH (£
" GOMPATIELE WY I EXIL
. A NEALTISE BWULATION S ETIL
) K M USZE A4 RIRTE ’
& 07 DEVELOPS EAS AT S PACILITY v 16 NaT

COMPATINLE WATH ITOL

MSEC : Form 3304 (Rev Octnber 1972)

FILE NO,




‘62

EF201

ORGANIZATION. .

DATA'SYSTEMS.
 LABORATORY

MARSHALL SPACE FLIGHT CENTER

' SPACELAB EXPERIMENT
COMPUTER STUDY

NAME;

4. T. POWELL

_|pATE:

APRIL 1976

L A0%
.~ 30%
- 20%

- 10%

5%
1%

. 5%
- 10%

MAJOR COSTING RULES

o EXPERIMENT APPL!CATION SOFTWARE CHANGE RATE

FIRST REFLY

SECOND REFLY

THIRD REFLY

EACH SUCCEEDING REFLY

-} EGSE SOFTWARE CHANGE RATE:

EACH NEW FLIGHT
EACH REFLIGHT .

® SUBSYSTEM COMPUTER SOFTWARE CHANGE RATE

'PER FLIGHT FOR 1ST THREE YEARS
PER YEAR THEREAFTER

L3 ALL COSTS ESCALATED 7% PER YEAR, COMPOUNDED ANNUALLY
s »e COST PER HIGHER ORDER LANGUAGE STATEMENT FOR EAS

F{EOUIF{EM ENTS ANALYSIS
DESIGN CODE VER!FICATION

. COST PER ASSEMBLY LANGUAGE INSTHUCTION

3:-_-‘: ONE MAN-YEAR OF EFFORT IS EQUIVALENT TO $50,000 IN 1976

o COST PER STATEMENT FOR INTEGRAT]ON AND VEFHFICATION IF IN CENTRAL COMPUTER
“{NOT APPLICABLE TO EAS IN DISTRIBUTED COMPUTER OPTIONS)
e COST PER CHECKOUT STATEM ENT .

% 15.00 -

$ 30.00 .
$ 4p.00

~ § 15.00

$ 30,00

" $100.00

® ONE HIGHER OF\‘DEH LANGUAGE STATEMENT WHEN COMP!LED RESULTS IN FIVE COMPUTER lNSTRUCTlONS

* MSEC- Faim 3304 {Rev Octotet 1972)

" FILE NO.
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: SPACELA.B AND USER COST

TI—IE 'I'O‘I‘AL SPACELAB AND USER COSTS ARE SHOWN TO INDICA'I‘E DEL'I‘A COSTS

BETWEEN OPTIONS OPTION I1A4 IS SHOWN FOR COMPARISON AND IS AN INDICATOR -
OF THE HIGH COSTS ASSOCIA'I’ED WITH OPTIONS IA4, IBéc

IC3B, IC4, IIAl, ITA2A,
IAZB, IIA3A, AND mss WI-IICHARE NOT INCLUDED. o S

0¢
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51 @DV TYNIBTHO

 EFise _ - ; : '
forcamizarion: " MARSHALL SPACE FLIGHT CENTER NARE: .
1 : S o o 3 - o - 4. T.POWELL
~ DATA SYSTEMS " SPACELAB EXPERIMENT —
. LABORATORY - - :
| Rl COMPUTER STUDY APRIL 1876
' STATEMENTS TO BE CODED
OPTION 11B2A o
COST ELEMENT - e | m | | s | e [ e | w | s | e | s | 8| s sa| s |Fei
. EAS DEVELOPMENT - -1 - 1340 [ 1as06 | 2282 | 1260 | 3937 o sw3| as25|  ses wsa| - .
 EAS MAINTENANGE - - - | 3] saas| vese s 78 w089 | s750| sers| sese| e )
 ererLIGHT cuscxou’r:s;wnzv - - = | 12020 | 4660 | 13950 | 3720 | veeo 0| 2790 2790 930 930 -
. PREFLIGHT checxéur Q_ﬁw.:ﬁ;r - - - rﬁz‘ e | 22m] =m0 403z | 2790 | 4asse| 3ez7| 4a79 | soz sesz
- E?j'&?;‘%‘fms S'MULA_T'O” - - | 19808} 7000 .z'moo s600 | 7800 vl 4200 | a200] 1400 uou - -
. EXP REAL TIME SIMULATION - 1960 | wao0 | 360 | wio| evco| 4200 rooo| seso 7420 ¥se0| BeSO.
SIWMAINT - -
DEP OP SYS DEV - - - 800 - - - - - -
DER OF S¥S AT - - - w}l s w} 4| 40 a| w| 0| 4w} 0| w@
j_: STA-TEMEN‘IZ’S.TD'I."AL — |~ | = [ 3830 [s20ve |astra [2aras 20272 | 1sces {23172 | 2m0ss 17945 | 22161 | 20489 | 22131

MSFU Form 3304 (Hew Oclaler 197274

FILE NO,
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ORGANIZATION:

TR Gt him ey e S

ki e e . Y B

'DATA SYSTEMS
LABORATORY

" MARSHALL SPACE FLIGHT CENTER

~ SPACELAB EXPERIMENT

|MAME:
J. T. POWELL

DATE: =
N APRIL 1976

T 607 '
USMILLION - L

10
]
1004

90]_,-'

.80+

50:

:"-Iﬁl'_'_"=

e

- COMPUTER STUDY

44__|4_s R P

38

81 81

. ALL -
" QPTIONS

1C1

ic2a
IC2B
IC3A

— www wam y  me —
. b

HA4
B1

| SPACELAB COST

[NONSTANDARD
MINUFOR :

OVEL_RFLOW :

STANDARDMINI~ .  NO
FOR OVERELOW

CENTRAL ~— |

NON STD $TD
MINI MIN

L—pistriguteD —

. USER COST

NSEC o 1304 (Rey Ortier 1972] FILE NO, .

—

a. .
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'SENSITIVITY TO GOST PER STATEMENT

AN ANALYSIS OF SENSITIVITY TO COST PER STATEMENT WAS EXERCISED FOR EACH
OPTION USING, AS A BASE, 50% OF THE ORIGINAL ESTIMATED COST PER INSTRUCTION
" OR LANGUAGE STATEMENT AS APPLICABLE, THE RESULTING DELTA COSTS FOR

. COMPARABLE USER OPTIONS AS WELL AS SPACELAB DELTA COSTS ARE SHOWN.

i DELTA COSTS FOR ALL OPTIONS DUE TO COST PER STATEI\-ENT bENSI'I‘IVI’I'Y ARE
e .-,'INCLUDED IN VOLUME 1, EXECUTIVE SUMMARY.

_ :__ALSO SHOWN ON OP'I‘ION Il'A4 IS THE EFFECT OF PARTIAL STANDARDIZATION OoF

* MINIGOMPUTERS; i.¢., EACH OF 12 DISCIPLINES WOULD USE THE SAME TYPE OF
 COMPUTER. = |
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ORGANIZATION

DATA SYSTEMS
LABORATORY

MARSHALL SPACE FLIGHT GENTER

SPACELAB EXPERIMENT

COMPUTER STUDY

NAME:

J. T. POWELL

DATE:

APRIL 1976

OPTIONS CONSIDERED

A. LOCAL TO CENTRAL SITE

CENTRAL (1)
' 1
NON STANDARD STANDARD NO
Mint FOR A mint FOR (B ming (€
OVERFLOW OVERFLOW

B. UT'L!ZING REMOTE TERMINALS

3. PRINZIPAL INVESTIGATOR (PI) DEVELOPS EXPERIMENT APPLICATION SOFTWARE (EAS) ON HIS
HOST THAT IS CCMPATIBLE W!TH CENTRAL SITE

A. ALL REALTIME SIMULATION AT CENTRAL SITE

DISTRIBUTED (1)
1

r
NON STANDARD
MINI

(A)

|
STANDARD
miNt ‘B

HARDWARE
OPTIONS

1. CENTRAL GROUP DEVELOPS EXPERIMENT APPLICATION SOFTWARE (EAS) AT CENTRAL SITE
2. PRINCIPAL iINVESTIGATOR (PI) EXPERIMENT APPLICATION SOFTWARE (EAS) AT CENTRAL SITE

B. REALTIME SIM'JLATION FOR DEDICATED EXPERIMENT PRO “ESSOR (DEP) EXPERIMENT
APPLICATION SOFTWARE (EAS) ON REALTIME SIMULATION TEST SET (RTSTS) AT PRINCIPAL
INVESTIGATOR (PI) FACILITY

4. PRINCIPAL 'NVESTIGATOR (PI) DEVELOPS EXPERIMENT APPLICATION SOFTWARE (EAS) ON HIS
HOST THAT IS NOT COMPATIBLE WITH CENTRAL SITE.

EAS SOFTWARE
DEVELOPMENT
OPTIONS

MSFC  Form 1304 (Hev Oictober 1972)

FILE NO.



'SENSiTiV_IT_Y_ TO MISSION RATE .

- IN ORDER TO INDICATE THE SENSITIVI'I‘Y TO MISSION RATE AN EXER CISE WAS

CONDUCTED USING A TWELVE (12) YEAR MISSION MODEL CONSISTING OF SEVENTY-:

SEVEN (77) TOTAL FLIGHTS., DELTA GOSTS FOR THIS REDUCED MISSION MODEL
:ARE SHOWN FOR SPACELAB COST AND USER COSTS FOR SIX (6) COMPARABLE

o OPTIONS

e

PRV JTR
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OIGANIZATIOH

 DATA SYSTEMS
- LABORATORY

.HI}\RSHA'LL SPACE FLIGHT CENTER , NARE B
- J.T. POWELL

e b bt et 2 B e Mt T TP A G b st e e e S T S I R T I UL I e e

SPACELAB EXPERIMENT | I _
COMPUTER STUDY . o . APR'L 1876

'$MILLION |

70
B0 -

SENS lTlVITY TO COST!STATEN\ENT %'

1B

STD, MINI 1 ‘
FOR EACH. {197
OF 12 :
DISCIPLINES

81 B1

[&

3
I
|
8

E
|
|

3
I

|5
|8

ALL.
OPTIONS

ENNNNE
AR

1c2A
ic2B
Iéza | -
HAG

B1

SPACELAB COST

NON STANDARD . : — — T
|mintFoR - STANDARDMINI NO  NoNSTD . . STD

OVERFLOw . FOROVERFLOW . piNi ~  MINI. S MIN

CENfRAL——_l L . L——’-DlSTmBUTED—'l

' USER COST
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i . vissteanr

QRGANIZATION

DATA SYSTEMS. -

: MAR’SHALL SPACE FLIGHT CENTER-

© SPACELAB EXPERIMENT

MAME

. LT.POWELL

| ARGRATORY ~ COMPUTER STUDY " el
e ~ SENSITIVITY TO MISSION RATE £
o men LRy e T e
804 T R o e
) 5M|L|_|QN su:. 52;_ . N 51 -‘ ,‘ o
{: - o sAr a3 - a3 -
oA BRI N B 77/
‘2'0: '_ Z ? ? éé =
ol '/ ' _ % /4 N
ameon ™ stanoarom - p, e s
OVERFLOW ./ - BVEREEAE _ A
- U L= CENTRAL —— e I—DISTRIBUTED—J';'
o - SPACELAB ‘COST. S e -
R —_USER COST
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| EF225

' méSHALL SPACE FLIGHT CENTER

NAME:

ORGANIZATION: - ¢

DATASYSTEMS = -
. 'LABORATORY. ...

QPACELAB EXPERIMENT
CON\PUTER STUDY

J. T. POWELL

DATE:

 APRIL 1976

| PRESEN%TAT I‘ON_'_'O'UTI'. INE

‘:,_STUDY DEFINIT!ON
OBJECTIVE
'j‘ APPROACH

:-MFTHOD

I SOFFWARE REQUIREMENTS EVELOPMENT

b COSTING

I SUN\MA PY

T MSHC Foim 330K (Revdpiaar 19720

" FLE NO.
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EF22e - - S _ S D o i
o foReamatR T . MARSHALL SPACE FLIGHT CENTER T A

mmmm's' N SPACELAB EXPERIMENT |
LABORATORY S N -

COMPUTER sy | et 078

J.T.POWELL =

i suMMART_
@ SPACELAB SOFTWARE DEVELOPMENT AND MAINTENANCE COST 1S lNDEPENDENT o

OPTIONS

79 COST 1S NOT A SIGNIFICANT DRIVER BETWEEN CENTRAL AND DISTRIBUTED COMPUTER
- CONFIGURATIONS - |

. 's DISTRIBUTED CONIPUTER COIICEPT SINIPLIFIES INTEGRATION WITHOUT SIGNIFICANT
| COST INCREASE

e ST/\IIDARD M1 II HAS COST ADVANTAGES WHEN DEDICATED EXPERINIENT PROCESSOR
IS SELECTED | o S

® CENTRALIZED EXPERINIENT /\PPLICATION SOFTWARE DEVELOPNIENT IS I_EAST COST FOR
'j AI_L HARDWARE CONFIGURATIONS :

e DECISION oN CENTRAL OR DEDICATED EXPERIMENT PROLESSOR SHOULD BE BASED ON }
ANALYSIS OF EACH MISSION REQUIRENIENTS AFTER FINAL PAYLOAD SELECTION S

G6MSFC. Foum33DA (MevOclaber 19780 o . 0 T o : _ : . © - FILENO. I '

T o T T S P . = 2114 e b o o e AR 1 B L i f e b 1T D




EF195

ORGANIZATION . .; - _.: " _ ' VM_ARSH.ALL'éPACE.'FLIGHT.ECENTER . . ..N“ME.‘ ' :
| SRR R E o T JLT.POWELL
.‘ '_-'LA_‘F‘ORIATQH? . | _' COMPUTER STU DY . - MARCH1976

B ASSUMED CDMS FUNCTIONAL CAPABILITIES

0 CRT HAS REFRESH CAPABILITY
. SYSTEM SOI—TWARE ACCEPTS & ACCUMULATES CONTROL DATA VIA KEYBOARD ENTRY

AT DISCRETE mi SSION ELAPSED TIMES

. ® SPACELAB PROVIDES TRANSFER OF TIME AND STATE VECTORS FROM ORBITER T0 E‘(PERIMENT

COMPUTRR

a P/L APPLICATION SOFTI.'VARE NOT REQUIRED T0 SCHEDULE AND CONTROL SPACELAB MAGNETIC
RECORDERS

0 SPACELAB PROVIDES TRANSFER OF UPLINK COMMANDS FROM ORBITER TO EXPERIMENT
COMPUTER

e SPACELAB PROVIDES FOR INPUT OF HIGH RATE PIL DATA 10 EXPERIMENT COMPUTER

-*‘ il SPACELAB TRANSFERS IPS STATE VECTORS FROM SPACELAB SUBSYSTEM COMPUTER TO

EXPERINIENT COMPUTER

e ALL APPLICATION PROGRAMS DATA CONSTANTS AND DISPLAY FORMATS STORED N BULK

- MEMORY -

e ALL APPLICATION PROGRAMS DATA CONSTANTS DISPLAY FORMATS AND BUFFER DATA

® SPACELAB PROVIDES CAPABILITY e INITIATE AND SCHEDULE P/L APPLICATION SOFTWARE |

MEMORY FOR ACTIVE PROGRAMS ARE INCLUDED IN THE ESTIMATE OF RAPID ACCESS MEMORY |

MSEC Futen 1304 [Rey October 1972) T~ _ o : . o . ‘ “FILENO.

Y : - : : . . O T S, s e - e e R £ o b b AR
ek et i s < b s n et an b £ b e ot e et i st s e o PR - D . > : N

\



J. T. POWELL
MARCH 1976

MARSHALL SPACE FLIGHT CENTER
SPACELAB EXPERIMENT
COMPUTER STUDY

DATA SYSTEMS
LABORATORY

ORGANIZATION:

EF194

® - N rai
: gy e
C— NN

veall

S I\l

2z Al MMMIITNTTOTOOOOOrOOl e
=l SN e

mlx%///////////// 8201

o] I\

(Be]]

S I\

ag8l
vESI
a4l
veal

%:1)

51

TR
I////////////

gevi
VEVI
azvi
vevi

Vi

ESCALATED VS. UNESCALATED
4

.......................

SMILLION

41

DISTRIBUTED
STD MINI

NON
STD

CENTRAL
ONLY

USER COST

CENTRAL
STO MIn!

CENTRAL
AND MINI

ALL OPTIONS
SPACELAB COST
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. EFniZ _ : o
[oremmzmon WMARSHALL SPACE FLIGHT CENTER  |"Ame _
e __ | R J. T. FOWELL
DATA SYSTEN -
ATASYSTENS SPACELAB EXPERIMENT |
| -_ . CON\PUTER STUDY MARCH 1976
| REQUIREMENTS FOR NO OF COMPUTATIONS PER SEC
100 ~
o ]
T osod
31 | | . MISSION 21
@ 1 r———226FLIGHTS et
N FROM 1979 THROUGH 1991 |
e 1 = ‘ . -
o] § 'O 45 SPACELAB MISSION PAYLOADS
~
a. b
o 307 S ;
) b g MISSION 8
S MISSION 14
= 20
= ]
(o] .
1 0 | |
0 KRN R R R LA i T T T
0 10t 10° 1° 1

. MSFC: Farm 3304 (Res Oclobwr 19721

~ NO. OF COMPUTATIONS PER SEC.

FILE ND.
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. EF213 |

oreANEATON | MARSHALL SPACE FLIGHT CENTER NARE: —
e . - o : . . ’ J. T. POWELL

D.ATE=

Coatasvstews | SPACELAB EXPERIMENT

- LABORATORY

CCOMPUTERSTUDY | mancuems

IYNIDIEO

BULK MEMORY

g wood 40 o

AT

&1 ®OVd
8

IO

-~

o
L

\ o o

.:-H-.-.‘.‘: wet La

FLIGHTS

iy \
00 Blo L

v

45 SPACFLAB MISSiON PAYLOADS

s
o

m ' . "
(=]
g asdaaloas s a s da s doaoiantenda il
W,

0/0 OF P/L OR Proe

CUM.
s

: & " . '
LAar B B IR TS S B B I B 2 77 ) NS I W R L 21 S N B B R271 ]

16" IR e S 10" 10
BULK MEMORY SIZE, WORDS

[=

w

—i

D.._J-l_l a4
2055

MSFC . Form 3304 (ftey Octoter 1972) , : ' - ' FILE NO.
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FORGANIZATION:

DATA SYSTEMS

MARSHALL SPACE FLIGHT CENTER _ NAmME:
J. 7. POWELL

 pA SPACELAB EXPERIMENT |
LABORATORY - COMPUTER STUDY | MARCH 1976
. RAPID ACCESS MEMORY REQUIREMENTS
0 |
é 893 - MISSION 21
3 ] 1o '
2 3
| . &
B : | | ,
N —~—— 225 FLIGHTS |
O 80+ | B : '
o p - FROM 1979 THROUGH 1891 g MISSION 14
<] g |
A . MISSION 8
".[_1.. 40 :': ) .
- 1
S o | |
W) X 8 : :
B o Q45 SIMA(IEIQAE&DJISSHDPJIPAG(Z{)AJ)S
= 20 : K | |
N | ]
-91.-3 ..C)t A MR S M B l.l| s ' T ¥ S I l_l“{l 5
10 10 10

- RAPID ACCESS MEMORY SIZE, WORDS

MSFC - Foim 3304 {flew Dctabes 1972)

FILE RO,
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-+ JORGANIZATION::

DATA SYSTEMS
LABORATORY

WARSHALL SPACE FLIGHT CENTER ' T [RARE:

SPACELAB EXPERIMENT o __J. T. POVELL

- COMPUTER STUDY ' '
' _ MARCH 1876

REAL TIME SIMULATION TEST SET
T T(RTSTS)

" REQUIRED FOR USE BY PIs DEVELOPING DEP SOFTWARE

PERFORMS REAL TTME EXPERIMENT SIMULATIONS

-
o PERFORMS REAL TIME CDMS SIMULATIONS
CENTRAL STANDARD SERVICES
DISPLAY |
MASS STORAGE
o SERVES AS HOST COMPUTER FOR:
ASSEMBLY
COMPILATION
LINK EDIT
POST PROCESSING OF REAL TIME SIMULATIONS
MSFEC - Form ?3“ {Rav Oclnln.r 1972} FILE NO.
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EF187 B : : : _ R
ORGANIZATION. — - MARSHALL SPACE FLIGHT CENTER T [NARE

‘DA.'TASYSTEM_S o SPACELAB EXPERiN\ENT'  leme --
‘.LAB_ORATOIRY. o COMPUTER STUDY MARCH 1976

'AVERAGE COST PER FLIGHT

891.

J. T. POWELL

480« _ . L M-
.f 7 _ﬁ  e B - . ‘ AME'
L4404 ' : ' | o .
B . : . 414 414

__-_'360‘-
. '_'_1320- e
240 z_iq <« _ 2--2-'-5-; : .
4 71 E | 1 i+ a2

L2004 . 198f | e
- . :178*5“ -

' '§ THOUSANDS
[~
4
[200
i

177 L sy [

1150

160 i

—
n
)
—
r~
~

1204
80 -

40 -

.SPACELAB . L

a1 |

HB2A
i1B2B
SnBa |

IC2A
1C2B
IC3A
A4

181

 1B3A
11B3B

SR - Fobm 3904 (Rev Getober 1972) <+ - . o L . Lo : .. FLERNO.
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EF222

SPACELAB EXPERIMENT
COMPUTER STUDY

SELECTION OF MISSIONS FOR DETAILED ANALYSIS

EARLY SHUTTLE MISSION CANDIDATES

MISSION NO. 10 12

CRITERIA it MULTI- LIFE LIFE
i SSA " CES :NCES
FOR SE LECTION ASA/E DISCIPLINE | SCIENCES

Preliminary Mission IMAP IMAP (DRM) (IMAP)

Feasibility Established DRM = RNO Aco (DRM)

(PH A) Analysis (PH A)

Anticipated Level of Computer

Processing Requirements Medium Medium Low High Low

Availability of Existing or Available § Near Term |[Derivable Near TermfDerivable

Near Term Supporting - GDC - GDC from GDC from GDC

Data Data Mgt. § Data Mgt. |Ph. A Study Ph. A Study

Study Study
Other Computer Processing CRASS CRASS CRASS
Studies
Payload Extremely Payload SR
: Complement - Wrote DRM 8 Complex Discipline .
Other C i . L
r Considerations Expected to Reviewed [ Current Ph.J Specialist
Change Soon IMAP B for at GDC
Redefinition
Selected for ( ) Study has close relation to mission
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 CENTRAL EXPERIMENT COMPUTER FUNCTIONS

% EXAMPLES ARE
e il SPLAY.
o -KEYBOARD
| t»:'EnORBlTER COMMUNICATION i f

| . DlSTRIBUTION OF UPLINK CON\MANDS S

o PCM FORN\ATTlNG

® NEEDED EVEN IF DISTRIBUTED COMPUTER CONFIGURATION 1S ADOPTED

® EXECUTES STANDARD TASKS THAT ARE REQUIRED BY ALL PAYLOADS
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STUDY

NAME:
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s

ITEM

Maift;:Memqu
(1 Megabyte)

Cent;i_‘a.‘l Site Operati’on,
Maintenance, and .
Consumables

Dmplay Termmals
(Qtv- 8) -

_ Dlspla.y Termma.la _

Ma.mi:enance
L OR

Remote J‘oh Entry
Termmal

Telec ommun1cat1 ons

‘R ental

'I'.ez,:'.rmnal ‘Maintenance

COST -

.f$39_3K

$123,22/Hr,

$7, 912 Total

| $528/¥r.

 $43, 45K Hach .

© $15, 72K/ ¥z, / Terminal

$3,180/¥r.

COSTED TO

Spacelab

User

- Usger

- User

 CENTRAL SITE COSTS FOR EAS DEVELOPMENT

USE-

Spare—

" Allow 360-65 to

Accommodate Through-

. out Requirements

Liocal Programmer .
Coding, Functional -
Simulation EAS

* Checkout

. Remote Programmez
. Coding, Functional
~Simulation EAS

- GCheckout’
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CENTRAL SITE PACILITY

- 360/65 AND PERIPHERALS
STMULATION COMPUTER
. COMPUTER. INTERFACE DEVICE (CID)

' GOMMAND AND DATA MANAGEMENT SYSTEM (CDMS)

OPERATTONS AND MAINTENANCE

$2,:§+60 K
137 K
186 K

1,920 K
$4,703 K

511 K FER YEAR

($245 PER HOUR) :
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 SPACELAB

EAS

All Options

IAL

IAZA

IAZB

TA3A

IA3B

IB1

IB2A

IB2B
IB3A
IB3B

IC1
ICZA
IC2B
IC3A

I1A4
IIB1

IIBZA
IIR2B.
IIB3A

IIB3B

1IB4
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Escalated Average |

Cost/ Flight ($K)
183

196
230
273
214
301

178
191
204
200
238

147
182
225
177
891
150
176
217
190
414
414



APPROVAL

'SPACELAB EXPERIMENT COMPUTER STUDY
Volume I: Executive Summary

By James L. Lewis, Bobby C. Hodges, and James O. Chvisty

The information in this report has been reviewed for security classifi-

cation. Review of any information concerning Department of Defense or
Atomiec Energy Commission programs has been made by the MSFC Security
This report, in its entirety, has béen determined to

Classification Officer,
be uneclassified.
This document has also heen reviewed and approved for technical

accuracy.

|7 ¥

J. Xg POWELL"~ '
Dirdctor, Data Systems Labpratory

¥r U.S. GOVERNMENT PRINTING OFFICE 1976—740-049/52 REGION NO, 4

59



