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Measuring Structural Evolution

L

sure change activity betwe,ﬂén successive versions of the
) . G B “ :

with respect to a chosen baseline.

asurements are performed automatically outside of the
environment

elies on read access to C YI-repository.
ccomplished With Déifein tétwork®ppliance [Cyla03].



Module Atiributes

Number of executable statements

Number of non-executable statements

Total operator count

Unique operator count

Total operand count

Unique operand count

Number of nodes in the module control flow graph

Number of edges in the module control flow graph

Number of paths in the module control flow graph

The length of the path with the maximum edges

ths in the module control

The average leng oftQ {
flow graph b
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‘otal number f cycle "l the module control flow graph
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S andardnzed defmmoné‘were de\‘/eloped for each measurement — see [Cyla03] 5
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o cipal Components of Raw Metrics ==

( ___ Domain .
.60 49 47
.53 .18
.65
.07
64 65
.90 .04
31 27
.31 27
-10 .89
.35 .29
.34 .33
22 -.02
4 3.13 2.24
Tablé above shows fsurement domains. 6
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View of Structural Evolution

at the Module Level

(Non-zero) Modules for build 2001-11-02 of project project 1b, sorted by Churn since

baseline.

Modulename

Chumn
From
Baseli_né

doContent(XMI, Parser parser, int startTagLevel, const ENCODING *ene, const char *s, const char *end, const char *nextPrr)

329503165

doProlog(XML Parser parser, const ENCODING *enc, const char *s. const char *end, int tok, const char *next, const char **nextPir)

311.585820

examples()

309.099387 .

processMeasurementAndPredict(const Mds: Fw: Time: Tmgt RTEpoch& current, const Mds:Fw; Time: Tmgt:RTEpoch& stop)

289.353008

test2s()

279141671

TestDiscrete:TestDiscrete()

260.394345 E

TestIntervallic: TestIntervallic()

256.865234

storeAtts(XML. Parser parser, const ENCODING *enc, const char *attStr, TAG_NAME *agNamePtr, BINDING **bindingsPtr)

240.951958

GreaseFilterTest(Dispatch& 1, const std;string® key, const CGlIArgs& args)

240699311

doTest()

237752957

PositionEstimateFurictionTest(Dispatché: 1, const std:string8 key, const CGlIArgs&: args)

223.900440

DirectedGraph:close()

214:416659

SimpleNorma]PosilionEsﬁmatorTraits::Thread::updateStatcVaxiables(const Mds: Fw:Time: Tmgt RTEpoch& start. corist

Mds; Fw: Time: Tmgt RTEpoch& stop, const Mds:Fw-Filter:Grease GreaseBasis& state, const Mds:Fw. Filter-Grease:GreaseBasis&
covatiance, const Mds::Rd:Mars::Common::SimpIeAirDragModcl:AirDragModc]ParamcterType& air. drag -model_para, double
spacecraft_ mass, double'avg. engine_ thrust)

204.313726

AirDragMode]ParameterEsﬁmatorTraits::’I‘hrcad:tpredictStateO

203.781925

ParachuteEstimatorTraits: Thread: predictState()

195.118089

SimpleNormalPosifionEstimatorTraits; Thread: changed(const Mds:Fw:Cmp: RefCountComponentInstance moritored. sv,
Mds: Fw Dri:Vhis:ConstltemVectorRef changedltems) : .

182.312589 ~

[PREFIX(prologTok) iy F

Bisd

175658645

LengthTest( Dispatch& r, const std:string key, const CGTArgs&; arps)

165.230353

vamain(int ctor, const char* argList) L

GoalNetTestHamess:createXGoalNet( Dispatché r, const stdzstrirgde key; const CGlArgs& args)

164 506422
163479793

vamain. internal(const char® argList)

162.467209
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|dentifying and Counting Faults " N

urate software fault prediction depends on
ise, measurable definition of a fault

isting definition of fault in measurable terms
- Standards

EE Std 729-1983, “IEEE Standard Glossary
Software Englneerlng Terminology” [IEEE83]

E Std 982.1-1988, “IEEE Standard
onary of Measures to Produce Reliable
are” [[EEE88]

Std 1044-1993, “IEEE Standard
]flcatlon for Software Anomalies” [IEEE99]

,.?.0 P_ev,l‘ous work (Annual Oregon Workshop on
Software Metrics, May 11-13, 1997) [Niko97]
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Fault Enumé®

der each line of text in each version of the
am as a bag of tokens

hange spans multiple lines of code, all lines
e change are included in the same bag

of faults based on bag differences between
1 of program exhibiting failures
1 of program modified in response to

qe sz:due to functionalit

hange

y enhancements and
other non-repair changes
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ult Enumeration: Example

=N<1>, <+>)
"__, |B4| =

tokens repre :-'énting 2 faults
|- ant a .,
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Modeling Results fositef
tession) ANOVA | |

T'Sum of Squares [ o
~ 10091546 3363648
6430656 | 560 17483
16522203

107.16024
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hd ,‘;F,,Putu re Work ™

rmine whether the fault ir%éiertion rate is the same over time.
‘which types of faults correspond to which types of

GLLS !

he number of projects to obtain larger measurement

IER, MIPL at JPL

T XY 2
USRI
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ll changes associated with a PR may actually
pairs | -
et PRs”

significant issue for this development
fiort because of hgyv CM is set up and

scipline of devdloiment team
' be issueéﬂ ) ff*'a;;orts

eq ;\a_,l‘;fgtes;[ écgyerage%—' some components may
re heavily tested, finding more faults
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2 — token reordering
al faulty statement a=b-c;

Num er_ of reor&ergl}
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Discussion and Conclusions

st for the data with which we have worked, a
re component’s fault burden is related to the
red amount of change during its development.

| techniques for measuring structural

and the number of repaired faults have
eloped and are available for use on “real”
ent efforts.

S development of fault models that can
yrovide additional information to help decide

to deploy fault identification and repair

s (e.g., test, staff additional inspections).
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