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tware will not cause
ure @? a %ygi@m ?@%@ a %@@M@@ %im% under specified
~___conditions. The probability is a function of the inputs to and use
. of ii%“@@ system as well as a function of the existence of faults in
E%@ software. The inputs to the system determine whether
_existing faults, if any, are encountered”. [IEEES89]
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@ Measuring and Estlmatmg Software 4PL

an estimate/forecast

[ime between successive f&aéu@@@m or

| . ® Number of failures per test interval of a given length
- Outputs:

= pdf of time to next failure, or

= pdf of number of failures in next interval

_* Can estimate/forecast reliability, failure intensity, number of
failures observed in next n inter rvals, .

¢ Over 100 models published since 1971. %@ﬁ@%‘” m@ws‘ﬁ models include:
Musa Basic

Musa-Okumoto

- Schneidewind (used on Space Shuttle software)
Littlewood-Verrall
Goal-Okumoto (NHPP for interval failure counts)

+ Following slide shows sample input/output for time between successive
failures model.

M@ﬁ%@% ing done using @A@@E version 3.0. CASRE is available free of
charge from the @g ' Channel Fou mﬁ%ﬁ% ion,
“http//www.openchannelfoundation. @@?@g@@?@f@éﬁ%ﬁg 3.0
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Seconds Since
Last Failure

3.000000¢+000
3.000000e+001
1.130000e+002
8.100000e+001
1.150000e+002
9.000000e+000
2.000000e+000
9.100000e+001
1.120000e+002
1.500000e+001
1.380000e+002
5.000000e+001
1.700000e+001
2.400000e+001
1.080000e+002
0.800000e+001
6.700000e+002
1.200600e+0062
2.600000e+001
1.140000e+002
3.250000e+002
5.500000e+4001
2.420000e+002
6.800000e+001
4.220000e+002
1.800000e+002
1.000000e+001
1.146000e+003
6.000000e+002
1.500000e+001
3.600000e+001
4.000000e+000
0.000000e+000
8.000000e+000
2.270000e+002
6.500000e+001
1.7600002+002
5.800000e+001
4.570000e+002
3.000000+002
9.700000e+001
2.630000e+0062
4.520000¢+002
2.550000e+002
1.970000e+002
1.930000e+602
6.000009e+000
7.900000e+001
8.160000e+002
1.351000e+6063
1.480000e+002
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easurement of Structural Evoluti ittty of

Technology
The Measurement Process

Build i

Measurement
Tools Baselined B

Domain
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Darwin Portal

Graph of Code Churn and Code Delta for the project
fdms_project 1b.

fdms_graph
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, . 4PL
leasurement of Structural Evolution e

w of Structural Evolution at the Module Level

(Non-zero) Modules for build 2001-11-02 of project project_1b, sorted by Churn since
baseline.

Chum
Modulename . From
. Baseline

329523165 |
311585820 |
examples() 309099387/ é
:processMeasurementAthEédi&f(constMdsz:Fw::Time::ngt‘.:RTEpotb&‘éﬁréﬁf;'n;orlstﬂds:gf;};::Tir‘:‘le‘::ngﬁ:‘R'I'Ep;:'h&étgﬁj o 289353008

‘doContent(jiMI, Parser parser, int startTagLevel, const ENCODING *enc, const char *s, const char *end, const char **neﬁ(tPtI) V
doPrologOQ\AL Parser parser, const ENCODING *em: const char *s, const char *end int tok,, const char *next const char **I\&XTP\I)

test2s() 275.141671
TestDiscrete: TestDiscfeteOM o o 260394345
Testlatervallc-Testlntervalic) 256.865234

GreaseFﬂterTest(D1spatch& t, const std strmg& key const CGIArgs& args) .
doTestO e e f23’1 S35
:PosmonEsumatercnonTest(Dtspatch& 1, const std stnng& kfy const CGIA:gs& arps) - 023300440
: ctédGraph cIoseO 777777
'éympleNomalPosxhonEsumatorTraits::'I'hréé\d::ﬁ;ﬁdateStateVariables(const MdstTunengtRTEpoch& sta:t, const

Mds:Fw: Time: Trogr RTEpoché stop, const Mds:Fw. Filter:Grease: GreaseBasisd state, const Mds: Fw. Filter:Grease:GreaseBasis&

covaniance, const Mds:Rd:Mars:Common:SimpleAirDraghfodel:AirDraghModeParameterType&: air_drag_model para, double
spacecraft_mass, double avg_engine_thrust)

AJrDtagModelParameterEshmatorTraﬂ:s Thread predu:tStateO 203781925
ParachuteEsmnatorTraxts Thread: 'predmtStateO ) h - ) é195,118089

storeAﬁsG(Ml Parser parser, const ENCODING *enc const char *anSir, TAG NAME *tagNarmePtr, BINDIN G **bmdmg Ptr) 240.951958”

214.416659

204.313726

SunpleNormalPosmonEmmatorTmts Thread: changed(const MdsFw: Cmp RefCountComponentinstance monitored_sv,
Mds Fw:Dra:Vhis::ConstltemVectorRef changedltems)

PPREFIX(prologTok} ' ' 175.659645

182.312589

LengrhTest( Dzspatch&r const std: stnng& key const CGIArgs& args) . 165230353
wxmain{int ctor, const char™* arglist) 1164.506422
Goa]thTestHamess createXGoa]Net( stpatch&r const st stnng& key, const CGIA:gﬂs»gargs) 3479793
1162467209

\vxmain mtemal(const char* arngst)
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¢ I\ software system as a communicating extended finite state

___machine

Map the software architecture into a high-abstraction level design

_language such as Petri-nets or the Specification and Description
L@mgu@g@ (SDL)

Simulate elements in the system such as work-flow activation,

?@ﬁiﬁ@ occurrence, throughput, and of course the behavior and

flows of the architecture from the architectural model

+ Use simulator to analyze the reliability of architectural designs
Experiments performed on a Bellcore product

¢ Experimental results demonstrated the ability to predict the
reliability of a software architecture

b

+ Verification of the predicted reliability not performed

4
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,MW&‘%W; techniques allow:
=stimation/forecasting of software reliability during test and
'@?@4%@%%
. itification of faulty modules @W%g"@ implementation, prior to test
. ma@éﬁ content estimates during imp E@mmé@? ion, prior to test

. %wgﬁﬁ&%éﬁ%m of architectures wrt reliability
_»  Future work

¢ Effect of design/requirements changes to reliabi lity

¢ Effects of software characteristics, development process

characteristics on quality

- Constructive Quality Model COQUALMO under development at
USC Center for Software i%”?@ neering — see
“http://sunset.usc.edu/research/coqualmo/index.html”

+ Verification of predicted architectural reliabili ility from simulations

Aerospace IR&D, “Space Systems Mission Assurance via
Software Reliabili ility Monitoring”
*
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