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Cost and Quality Planning for Large NASA Programs

The Software Cost and Quality Engincering methodology developed over the last two decades at IBM
Federal Sector Division (FSD) in Houston is used to plan the NASA Space Station Data Managem=at
System (DMS). An ongoing project to capture thic methodology, which is built on a foundation .*
experiences and “lessons learned,” has resulted in the development of a PC-based tool that integrates cos
and quality forecasting methodologies and data in a consistent maaner. This tool, Sofrware Cost and
Quality Enzineering Starter Set (SCQESS), is being employed to assist in the DMS costing exercises. At the
same time, DMS planning serves as a forcing function and provides a platform for the continuing, iterative
development, calibration, and validation and verification of SCQESS. The data that forms the cost and
quality engineering database is derived from more than 17 years of development of NASA Space Shurtk
software, ranging from low citicality, low complexity support tools 1o highly compiex and highly cxitical
onboard software.

INTRODUCTION

Software cost and quality engincering is the systematic approach to the estimation, measurement, and
control of software costs and quality oo a project. This discipline provides the vital fink between the
concepts of economic analysis and the methodology of software engineering. The tasks involved in software
cost and quality engineering are complex, and individuals with the knowledge and skill required are scarce.
The accuracy and consistency of the results are often questionable. There is a definite need for toels 10
enable analysis by managers and planners who are not experts and to improve the results.

There are many instances in planning software development activities when 2 quick and easy 10 use cost and
quality estimating 100} wouid be of value. These include management consulting, proposal generation, and
analysis of existing programs for problem correction or. assurance. There is little time to leam a compiex
tool or to digest introductory user information. SCQESS requires no set-up, has a selectable demonstration,
direct access 10 the tool functions, and contains examples of varied applications.

SCQESS resides on a tool sharing disk which is available to all company sites. The user has the option of
viewing a demonstration program to illustrate the cost and quality estimation process. SCZJESS includesa
Lotus-based cost and quality estimation spreadsheet. The spreadsheet includes cost and quality models
which are based on historical data and various criticality levels. If different models are requared, the existing
mode!s can be easily modified. An example Lotus spreadsheet illustrates a completed estimation. This
spreadsheet can be modified or a blank file is supplied if the work is eatirely new. The tool can handie
estimates involving many languages including Ada and can also be used for estimating reused elements.

Once the basic cost and quality estimates are completed, the user executes a Rayleigh Curve program o
phase the estimates over time. A Rayleigh curve is a plot of a mathematical function which describes Lie
cycle phenomena. A Rayleigh curve indicates whether the slape of the staffing curve is too steep or whether
the error density of the project is too great at certain points in the process.

The cost and quality estimate can then be quickly modified to determine variance of results based on
changes in assumptions. The cost and quality estimates support the strength of the plan bemng generated.
The estimates can be used 10 analyvze risk and mitigation plans. Examples of actual project cost and quabry
reports are available to the user. These examples include a project involving Ada, reuse and commercal
elcments; a project involving translation of code from one machine architecture 10 another: and a transaction
oriented commercial system. The spreadsheets and the Rayleigh curves are included in the report.
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Software Life Cycle Costing and Quality Estimation Methodology

Past experience in managing large software projects such as Space Shuttle Onboard Software illustrates tha
accurate cost and quality estimates based on reliable historical data are essential 10 software planning. FSD
Houston has collected extensive data from NASA and other software development projects over the last 17
years. This data inciudes source lines of code, productivity, error rates, computer usage, ec. for more thar
250 projects. Historical data supports initial estimation of project size and estimation of =ffort from thm
size. The standard Rayleigh curve model converts estimated labor 10 a schedule and staffing profile - the
elements of a cost plan. It also projects error estimates across the schedule to generate 2 quality plan.

The widely used Rayleigh curve models the typical build-up of staff and errors during the requircmenrs ans
design phases, the peak for implementation, and the tad-off during the testing phase. The staffing sciedul
for an ideal project approximates a Rayleigh curve. During sustaining engineering, 2 minimum lewel of
critical skills is required for effective maintenance. This steady-state staffing level forms the suppon lime. Xk
includes critical skills for requirements, design, implementation, testing, and management. The supporz lime
is a function of system size and productivity as well as unique skill requirernents specific to the solXwase
being maintained.

The areas below the support line and above the maintenance tail of the Rayleigh curve is zvaihble for new
development work. Sustaining engineering operational increment also corresponds to a Raykeigh curve
Each susisining engineering effort can be modeled as the sum of 2 sequence of such curves. The sizizp and
scheduling of gew development activities should be planned to provide a stable level of effort Sofrwars
maintenance which handles Discrepancy Reports can continue at a lower support level.

Historical project data supports software size, labor, and quality estimation. The Logus-based Nfarry
Method function distributes the effort and errors over organizational elements. The Ravleich Curve fumaction
generates a staffing and error discovery profile over time. Special models are available 1o other packzges 12
adjust estimates involving expert systems, reusable software, reconfiguration, quality ‘tracking, a=d
maintenance.

Planning the Space Station DMS Utilizing SCQESS

SCQESS has been used to assist in the costing of the Space Station Data Management System (DMS), 2
complex software system involving a distributed environment with multiple languages and zppbeations. The
DMS for Space Station is also affected by the requirements for long lifetime, permanent cperanoas, remor=
integration, and phased technology insertion of productivity tools, applications. expert sy=zems, e, JMajec
cost and quality drivers include the large size and diversity of the software, complexity, dev=lopment swppa
environment, off-the-shelf and reusable software, and criticality, which varies from one module to amothes
An example of the type of results — at the end of the intermediate step of development cost and goaler
estimation — obtained with SCQESS for the DMS planning is included in the presentation.

Summary/Conclusions

The software cost and quality engineering methodology employed at IBM FSD Houstor has bema caprursd
and integrated into a prototype tool, SCQESS. This PC-based tool integrates cost and quafty plamnins
methodology and data.

SCQESS has been employed to assist in the cost and quality planning of the Space Station DMS (D2
Management System). It is providing a standardized approach for the DMS planning, which inveives ssve=i
individuals. It has made the process more efficient and has allowed a consistent approach to planning Tz
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automation and captured methodology has established the foundation and mechanism enabling the
continuing calibration and improvement in accuracy and consistency for Space Station DMS costing.
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MODEL RECONCILIATION

ALT (EARLY MODEL)

- PROJECTED = 10429 MM

- DEVELOPMENT PART OF ALT = 9403 MM ACTUALS
- ERROR IS 1026 MM OR 11% HIGH

STS-1 (MIDDLE MODEL)

- PROJECTED = 8905 MM

- DEVELOPMENT PART OF STS-1 = 9521 MM ACTUALS
- ERROR IS 616 MM OR 6% LOW

STS-2 THRU STS5-5 (MIDDLE MODEL)

- PROJECTED = 5864 MM

- DEVELOPMENT PART OF STS-2 THRU STS-5 = 5994 MM ACTUALS
- ERROR IS 130 MM OR 2% LOW

TOTAL

- TOTAL PROJECTED = 10429 + 8905 + 5864 = 25198 MM
- TOTAL ACTUALS = 9403 + 9521 + 5994 = 24919 MM

- ERROR IS 280 MM OR 1% HIGH

878=1 MRV 8718-5 (MIDDLE MODRL)
- TOTAI. 8TS-1 THRU STS-5 PROJECTED = 8905 + 5864 = 14769 MM
- TOTAL ACTUALS = 9521 + 5994 = 15515 MM

- ERHOR 18 746 MM OR 5%
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MODEL RECONCILIATION

e SDL
- (900,000/230) 1.4 = 5478 MM
- SDL ACTUALS = 5730 MM
- ERROR IS 252 MM OR 4% LOW
® SPF
- ((250,000/230) + (315,000/250) + (385,000/475)) 1.4
- SPF ACTUALS = 403)
- ERROR IS 388 MM OR 10% HIGH
° TOTAL

oy N
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TOTAL PROJECTED = 5478 + 4421 = 9899 MM
TOTAL ACTUALS = 5730 + 4033 = 9763 MM
ERROR IS 136 MM OR 1% HIGH

4421 MM
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ERROR DISCOVERY PROFILE FOR PROJECT Q4~17-1990
SOFTWARE ERRORS PER KSLOC
DEVELOFMENT ACTIVITY USER PRGVIDED PROGRAM ESTS
HIGH LEVEL DESIGN INSFECTION 0.11 1.0062
LOW LEVEL DESIGN INSPECTICN 4.20 2.1567
CODE INSFECTION 6.80 $.92571
UNIT TEST _— .72
INTEGRATION TEST _— 2.911
SYSTEM TEST I 0.ES3
LATENT ERRQGR -_— 0.S98
THE PATTERN PROJECTED IS PATTERN NUMBER: 14

THE ESTIMATED TOTAL LIFETIME ERROR CONTENT IS: 18.29

FRESS:ENTER FOR MENU SCREEN :PrtSc % Shift TO PRINT SCREEN: Y TQ GRAFH DAV-

K. Rone
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PROJECTION COMPARISON

TOTAL RELEASE

- TOTAL INSERTED ERROR RATE
- PRODUCT ERROR RATE

HOST

- TOTAL INSERTED ERROR RATF.
- PRODUCT ERROR RATE

W/S

- TOTAL INSERTED ERROR RATE
- PRODUCT ERROR RATE

13.0
4

N DO
N ®
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PROJECTION COMPARISON

(INCLUDING PROCESS DATA)

TOTAL RELEASE

- TOTAL INSERTED ERROR RATE
- PRODUCT ERROR RATE

HOST

- TOTAL INSERTED ERROR RATE
- PRODUCT ERROR RATE

W/S

- TOTAL INSERTED ERROR RATE
- PRODUCT ERRCR RATE

STEER ACTUAL
13,54 13.28
1.25 1.0
8.47 8.52
28 33
28,23 28.32
2,62 3.16
’ o«
K. Rone
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Software Life Cycle Costing (LCC) Methodology
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Siaffing over a software development project is
modeled using a Rayleigh Curve.

Software sustaining engineerirg is modeled as s
sequence of overiapping Rayleigh Curves.
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Software Life Cycle Quality Management

Actusl
Errors

Planned vs Actusl Remsts Used for Periodic Re-Estirmetion
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Sofrware sxagining engineering is modeled as a
sequence of overiapping Raleigh Curves.
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Error discovery over a sofrware developmens pro-
Jjec is modeled using a Rayleigh Curve.
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DEV. = ((SLOC/PROD) 1.8) 2.5

DEV. = (SLOC/PRQOD) 1.4
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REQUIREMENTS

SOFTWARE COSTING METHODOLOGY

INPUTS MODEL
T T PROCESS
e Releass .
DBMS - |e Language
10,000 SLOL 1« Complexity —4
[> NOS mple [>
- * Criticality PRODUCTMTY
— FUNCTIONAL SIZE CLASSIFICATION
| BREAKDOWN _ _ Developers
At
-
CALCULATIONS B TEST FACTOR
%[% PROJECT FACTOR
oooo f -
aaona
Tatats] 00 00
D
OUTPUT
ESTIMATES
FUNCTION DEVELOPMENT ___ EFFORT __TEST OTHER TOTAL
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NETWORK LAYERS
TRAMSPORT LAYERS
SESSION LAYERS
PRESENTATION LAYERS
APPLICATION LAYERS
CASE

RIE

DIRECT ACCESS
NETHORX MENT,
APPLICATION SERV.

TOTALS:

INTERUPT
[/0 XeNT,

INTER PROC. COMM.
FAULT MBAT,

WPAC UNIQUE

MPAC IMIRUE

SOP UNIQUE

NIt UNIQUE

EDP IMIRE

TOTALS:

Nei cors
(SLOCY (SLOC) REL. CRIT.  LANG. cone, DEV. VERIF. DOIRSLT TOTAL
3200 29C ADA ¢ U4 19.7 .5 110.8
3900 2 ADA ¢ 30 24 8! 13
3700 25 ADA ¢ 4.8 3 118.2 177
1800 25 ADA ¢ 13.8 i 7.2 &2
3600 25 (1] c 38.3 30.8 104 173.3
2000 Ist ADA ¢ 13.3 10.4 3.9 52.8
15000 IS ADA c 108.7 83.4 2 486.3
2000 25 ADA ¢ 15.4 12.3 41.% 9.3
19400 286.1 228.8 TIL6  1287.3
NE¥ ¢ats ’
(SLOC) (SLOCY REL. CRIT.  LAMG. cone. DEV. VERIF. [MIRECT TOTAL
300 1sC ASSH L 1 0.8 7 4.3
Swo 1 ST ASSH L .3 1.8 8.2 16.3
4300 1sC ASSH L 2.8 2.2 1.3 12.3
5000 1 SC ASSH L 2.2 1.8 & 10
3000 15 ASSA L 1.3 { 3.5 3.3
1000 1S ASSH L 0.4 0.3 1.4 1.8
1000 18C ASSH L 0.4 0.3 1.1 1.8
16700 1 sC ASSN L 7.3 5.8 19.7 2.3
2200 18C ADA c 2 17.8 9.4 "
{800 16 AdA c 12 14.4 48.5 L]
1800 1S ADA € 13 14,4 48.5 81
1800 t SC ADA c 13 14.4 18.5 31
7500 40900 93.7 74.8 = 3788
K. Rome
BM
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SUNNARY CHART

.1 oS

AREA (SLOC) (SLOC) REL. CRIT.  LAMS. coxe.  DEV. VERIF. [NOIRECT TOTAL
NOS 39600 285.1 288 T 1285
0s 7800 40900 93.7 4.8 = s
ADA RTE 41500 3832 6.6 10348 1T
STANDARD SERVICES 93100 6089  390.7 1248.2 22658
DS SYSTEN MAMAGENENT 20700 119.9 73.1 .9 9
DATA STORAGE & RETRIEVAL 28000 50000 198.2 109.3 032 e
USE 223300 1403.5 452,86 149.1 =2
USE CONTIMJED 144000 170000 218 32.3 172.2 o
o 42000 280 i ] 74+ lee.4

TOTALS: 438000 280900 |0 (1716.2 SEeS.4 12126

K Rone
IBM
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SOFTWARE QUALITY FORECASTING

INPUTS MODEL
REQU'REMENTS ———————————————————————— j PROCESS
1 ' A
DBMS ] Releose H
10,000 SLOC ] e Criticality '
[> NOS * Proficiency [> ERROR RATES
0S
FUNCTIONAL
JUNCTIONA SIZE CLASSIFICATION @
CALCULATIONS m*gm""“
— A
0oon
0000
0000 f gmnou 10 COST
0000
[— B
QUTPUT
ESTIMATES
ERRORS
FUNCTION EARLY PROCESS PRODUCT TOTAL
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=i (5114 PROJECT  DVPNENT
AREA eS10C) (SLoC) REL. CRIT. PROF. PROF, EARLY PROCESS  PRODUCT TITRL
NETHGRK UITERS J200 2SC D ) 82.4 3.2 0.3 98.2
TRANSPORT LAYERS 3900 25 80 v 78.1 40.5 0.4 117.8
SESSION UITERS 3700 25C 80 A 111.2 9.3 0.5 171.9
PRESENTATION LAYERS
APPLICATION LAYERS
CASE 1800 25 A B.1 18.7 0.2 “.8
RJE. 5000 25C AV 9.5 52.0 0.5 130.3
OIRECT ACCESS 2000 3sC 60 ] 2.0 17.8 0.2 $0.9
¥ZTHORK BT, 15000 IsC 1] AV 38,0 142.4 1.4 480.9
;#PLICATIN SERV. 2000 28C 60 v 3.0 20.8 0.2 60.¢
TOTAS: 39400 799.2 J84.8 40 nss.d
0s
= curs PROJECT  QVPNENT
AREA (S00) (SLOC) REL. CRIT, PROF. PROF. EARLY PROCESS  PRODMUCT TOTAL
KERNAL
TASK 300 1SC & AV 4.4 .7 6.0 &1
MENCRY MT. S300 §SC 63 A 9.7 8.4 0.1 16.2
INTERUPT 4500 { SC &0 AN 1.7 1.7 9.1 19.3
170 wexT. 500 ! SC v %.0 6.0 0.1 15.3
RESOURCE NGAT. 000 1 ] N 3.4 3. 0.0 9.9
INTER PEEC. COMN. 1060 | 5C 63 av 1.8 1.2 0.0 3.2
FAULT NERT, 1600 1SC (=] N 1.8 1,2 9.0 h % ]
MPAC UNIENE 16700 1 SC 69 v 30.1 19.9 0.2 9.1
PAC UNICEE poo | 1sC 60 N .6 6.2 0.2 56.3
SDP UNIGEE 1800 1 68 (1 L4 2.4 9.2 4.3
U INIXE 1800 1 sC 60 N 2.4 .4 0.2 8.3
£29 UMIZE 1800 1 SC 68 ] 324 A4 9.2 8.3
TOTALS: 7508 40900 210.4 139.1 fes .0
K Rone
M
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SUMMARY CHART
[ (0TS PROJECT  DVPMENT
AREA (SLOC) (SLOC) REL. CRIT. PROF, PROF. EARLY PROCESS pRODOCT  TOTAL
n05 39600 799.2 384.8 4,0 1188.9
0s 7600 40900 0.4 139.1 1.2 0.7
AJA RTE 41500 7.0 9.9 1,2 2459
- STANDARD SERVICES 93100 1811.6 977 ya 8 B 7 4 A
ONS SYSTEM NAMAGEMENT 20700 8.4 181.2 (W VIN
DATA STORAGE & RETRIEVAL 25000 50000 §29.8  289.0 1.5 130.0
USE 223500 4395.0 21415 1825 &40%.9
USE CONTINUED 144000 170000 395.5 1373.5 61,0 &&0.4
oMA 42000 882.0  334.0 2.0 1280.0
-
{ — e
TOTALS: 438000 260900 13227.6  8278.7  Ale4 19927

[Ereu .

K. Rone
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