References

[ACT6] F.E. Alen and J. @cke Aprgran dtaflov adysis poedire Communicati o nso ft he ACM,
19(3): 131§ Mad 9%

[480] AT. e On Mut at i on. PID thds, GexgaIstitie d Blrdqy Alata G 1980
[Alg] F E Alen Rgargtinzdian AnnualReviewin Aut omat i c Programmi ng,5, 90

[B&] T ABH ad D Adin B mtias d amredres ad tlar ddia to testig Ac ¢ a
Informat i ca, J1):34 Novahea 1R

B D Hdinad F Syad Hemstis fa dtermg equvdere d poganmdias. Re
search reprt 26 Igprtrat & Gpter Siare, Yde Unvasity 199

[BB] TABH Mutation Anal ysis of Program Tesi Dat a. BDthds, Ve Wwsity Nwhen
T |

(@ W. MGt Bedirg eqivdet mbats wing aaple glimsia tednges.  Miter’s
thesis, Igprtrat  Gpter Siare, Casm Wity Cosm S 199 Bind
Ryt 9L 1R

K +8 RAMIg DS Grd, KN Kg WMMiden ad A I Offutt. A extendd
oervewd tle Milra sdtvae testirg emiramt. InProceedi ngs of t he Second Workshop
on Software Testing,Verification, and Anal ys i s, pgs 20, Bif Abata My 98 [HE

@qter Sxiety Ress.

[IB] RA®Moad A ] Olit. Gstrart-lsed atadic test dagrertion I EEE Trans -
actions on Software Engineering, M990 Spater 191

[I8 RAIMload A1 Gitt. Bpeiratd resdts franm atadtic test coe grada.
ACMTransactions on Software Engineering Methodol ogy, JmayldB baper.

ALY RAIMq F GSpad adR 1 igm Rgamtdiar Arewapradhto pogan
tstig mInfotech International State of the Art Report: Program Tes
Infdech Intarretiad, 199

(K91 KN Kgad A J Ghit. Alrtran lageg sptemfa midiarksed sdtvare testing
Software-Practice and Ezperience, (6678 MylHl

[T AJ Gitt. Automatic Test Data Generation. BDtles, @iga Ititie d Blrdegy
Alata@) 198 Bhid reprt GHCS/ B, (Asordemed & Rrde Wi versi ty Sftvare
B reeri 1g Rsearch @rter tedricd repat SEERS D).



@gd Bgan Mat Rggan

IF (X .LT. 0) THEN | IF (X .LT. 0) THEN

Z =0 Z =0
ELSE ELSE

Z =Y / X Z =Y / ABS(X)
ENDIF ENDIF

Hgre 7 Ijvdare latection g Astrarts

(@B
A aeage d wirg aastraits to dtet eqideat mats, casdr tle poganfrageat in
Hgre 7. Fe pth eqressian to tle mtated statemt is X > Q the recessity castrart fa the ntat
is X< Q ths tle axdee castrant sptamis X > 0A X <Q Wichis ifesibe
Adber quatuity fa dteditg eqidat mtats cass frantle pth exressias aeded fa
DO logs. Fr tle lap
DO 10 I =M, N
ve gaerde the pth exresian castrant
N>M
idctirg thet N st e lagr thm Mimd tle lop K a mtaian wthin tle DO-lap castrars N
to ke less tlen Mtlen tle castrart sstemis N> MA N < M Widhis idesille, ad tle mtat is
eqivdat.
Adrjle etersiantotle pthexess naastrats greratedfa DO-logs cang e nae gqpatuity
fa datirg eqivdeat ntats. ¥r eage, if w hoe the lap
DO 10 I =1, N

then tle th eqressian castrdnt system

I>INI<N
is tne  Atlogh ths castrart is mt wefd fa grerating test cses, 1t cn ke wed to dtet eqidet
mtats. I a mation castrds I tote at & ths rag (I < 0 a I > N), tle castrdnt sytanis
irfesite ad tle mat cant Te killed

@ carse, these dHetian qprtui ties dpad it aly ancastruting castrart sytem thet ae
ifesille, ht dso au tle dility to dtect thet tle sytemis idfesille, Widhis dso a dffialt pdlem
@hlla aly irferats ths tedniqe in a mntie vy by casdring usdwed castrarts & strag
“eidme’ tht antat repesated by usdwed castrarts is egivdeat. Athngh a dinite aswr is
pederdie, hitts d ths tye ae catady badfd.

Athogh these resdts ae aly pdinmy nst egidat mtats semto be reesated by
ifesibe castrats, ad nst o the castrarts tht @dilla cardt sdvw ae in fat irfesible, ths it
seerm lildy tht ths tedrige wll evatuly ke dle to dtet ray me eqivdat miats thn the
capler giinyim tedhiges.



suhs X >A + B, adwhostlst bithA adB mmregtive, tedriqes sichas thee wedindfmtian
inaiat popgtion cald ke wed to drive tle inaiat X > 0.

Actler potertid inpoaat cald oaa franmoe adyis d logs. Vaidles tht ae dfied
inlos aedtmrecursivel y ded th is, they ae dfied in tama I thasdws, ad tle dmtian
reades itsdf & ause. Qe spdd eee d ths sitwtianis wn sda vaidles ae dwgs inraated in
alop Fr eape tle egiatly reorsie dfiitanl = I +1 e le dterired to ke dvas greater
thma eqd tozmoif I isintidizedtoa psitive W admw dher dfnitias I I edst. Sree ths tye
d dfiitian aars freqatly ths ifaatia ald ke gite M.

In tle dia fowdgrithm wad in tle Bdizr, atas ae treted & a sirde dta itemad a
rderare to ayderat d marayis treded & arderare totle atire atay Fr ths resa the castat
adimat paagtian tednges cant te aydied to ay dfi ti o catang an aray referene even
if tle amyindxis kom Aeage d this is tle stdaat A(5) = 0 . Rarhs ditiay tle fat
tht tle fithdeat £ A is set to 7o an be dHearired ad alder use d tle fith danat wldle
axstat. If demts d anaray cold te treted &5 indvidd dtaitan these tedriqes cald ke wed
to dtect mxe irfardian dnt tle pogantarg tested Sne sweess fa ths tednqe regires tw
referanes to tle aray wth castat-dwdindses, v bt expedt ths tedrige to M p wery dten

7 USING CONTRAINIS TODETECT QU VALENI' MU
TANIS

Inlis dsataion [@8, @ttt dsails amthdfa wignladtic astraits todted eqidet
mats. Inprtiala, tlenecessity constraints adpath ezpressionconstraints teaewsdfa grad
test dtacan ke eared to dtearine eqivdare. Nosssity oastrarts emok cadtias the atest cse
st reet to kill a speaft miat. Fr eage, anabs maicen aly le klledif a test coe cases
the miaed exressian to lee a regtive Wie B meossity castrant eoods tht cadtian Apth
exressian castratt fa a staeat awds the cadtias ana test e tht wll case tle staemt
tole eeated ¥ eafe, if astdeat en aly ke rededif X < Q then tht is prt S the pth
eqresian castratt fa tht stéemt. @Gdilla [TK T8 is atod tht grertes mossity ad pth
exressian castrats, aabres the tve to aedte, far each ntat, a castrarnt sytemtlst dsaibes a
test e to reech the miat ad then kill the mtat, then saisfes tle aastrant sytenty grering a
test e that il kil tle mtat a Hgh proatag o tle tim
"Fe recessity castrats ad the pth eqress an aastrants ennt aly be wed to grerde test
dta ht dsotodtet eqideat ntats. Feleyimigt is that if the cxbmtiond arecessityoastrart
adits pthexresimcastrdrt ae irfesille, thenthet oxstrart sytemirdctes tht there ae o test
ases tht ankill the mtat, bee the miat cardt ke killed Fere are severe theaeticd lintatias to
this tedriqe, spafidly dtlngh @lillds aastrarts hse been stom to Te Hgly effctive [T,
the pth eqressan castrnts et dsdudy gaatee readdhility hs, an irfessifle castrart
steril]l it geratee tha the ntat is eqivdeat, bt innst eses it Wl ke Infat, anidesibe
castrart sytearml] dws repesart aneqidet ntat if thee are m ladoards GOTOs intle pogam

B



Program Constart Inwariart Crmon Loop Hoisting Total Ttal Rercertage
Propegeti on Propegati on SubExmx | Imveriert Sinking Detected Eyui vl ert DRtected ‘
TBEKOM 0 0 2 0 0 2 2 10% |
TESILAP 6 4 0 1 0 7 25 28%
TESIHIST 0 4 0 0 1 5 13 38% ‘

Be 4 Bivat Mats Beted

wdl-structired d grithmith elidt loys rtler thn GOTO staberaits. Adler dseratianis tht tle
gaityd tle eqivdat mtats dtected by tle Eydizer (6% ) vere abs mtats. "Hs refls tle fat
tht tle teduiges d castat adimmiat poagtiay espadly dntiminaiat posgtiay vee
the nst swoessful, siree they are drectl y caverned wth the v dde’s rd ati ash pwth the castat zero
BEhd tle tednges d cammsibepesiaidectiay lopinanats, adhsting adsiding
dyperd an pogarderateristics tht ae daivdy rae Fr eagle, to diet aneqidet mdian
wiglapimaiats, alddedstaerat tht ed aD0-lopust ke dther fdlosda pecedsd by arther
ldded staaat, ad tle sqading stdeanats nst le inaiat in tle lop Sne e d ar sdjet
poganld ayeqidet ntats thet vae diectale by thee thee tedriqes, ve castructed thee
pogan to drastrae tht tle irdaatdias & these tednqes vae swessfl ad the they e
dat eqidat mats. Te resdts d tle samexpmnat & dwe fa thse pogam ae pesatedin
Wed TeTot al Detected,

6 OIS AND FUILRE W RK

Athogh mtdian testirg is a tednge tlet is drostradly effdive & fidig aras, it is eqese
Inalitimtotle mdhire asts I eeatirgdl tle mtats d a pogam test cses st ke grerded tle
atpt o exh test e nst ke eaired fa arrectress, ad mtats nst ke adyed fa eqivdene
Atlogh pogess bes ben mak reatlyin atasdic grerion d test dia [ID]], eainig test ase
atpt ad dtermmirg eqi deat ntats ae still ma hrmosts d gqglying maian testing

Te Iydizx regesats aprtid sddian to ths pdlem B dilizrg teduges frandta fow
adys ad axple ginvian a niter § eqidat mtats en ke dteted atadticdly A
thaghit is it pesiBe to dect dl eqivdet ntats, ve vare dle to atadiclly ditedt a s giftat
proatar, insancss Wl o Hf Swe ths pdlems arratly sd wed capetd y rmdly these
resits ae qite wefd. Athoghnre epricd vtk is meedd (lagr pogas dc), these resdts are
oxtady emaragrg Blovwe dsass thee edanias tht cald ke mat to the Hydizer to inmese
its poar, adintle ret setian irtradee a rewrethd fa dteding eqivdet ntats.

6.1 Extensions to the Equali zer

Intle arret irgerataiond the Bydizr, tle staberat inaiat tdle casists alyd simdeinaiats
thet represert rd atiash 5 letventw i dbes @ betwen ae vai dbe ada aastat. Smee the aity
d tle eqi et ntats dtected vere franinariat papgtiay staiignreidfami aintle imai at
tdles myinmemse tle Igdiza’s dilitytodtect eqivdet ntats. ¥r eagle, if westae aniraiat

Total Equival ent ,adPercentage Det ect ed odusaetle sanasinHe



Rogan Ted stat Inaiat ad ad Rreatag
@t | Rgmtia Bpgtion Rrected Bidat Rrected
TSHREL 0 0 0 0 X %
B¥R 0 1 2 2 3 B
BHRE 0 5 4 5 D o
A 0 0 0 0 x %
@ 0 1 4 5 i) y.i 7
DD 7 0 0 7 7 0%
THANOK 0 0 B B 1% Po
RID 0 0 1 1 5 v
HD 0 0 1 1 K %
BIh2i2 N 0 0 10 10 B 2%
M 0 1 0 1 4 o
ND 0 0 1 1 B &%
TRML 0 0 B B D 18%
TRIP 0 3 2 2 m 1%
AL 0 0 4 4 D 1%
"He 3 Hidat Mats Iateted
5.1 Equi val ence Detection
@r experirart wed far stes:
1 Fr exhpgraneachd tle Bdizr's dedian tedhiqes ws eeated ssprady to cart low
ray eqivdet ntats exch tedriqe dtected

2 Fe miats tht vee raded eqivdat in step 1 vare recreted (to ke dive) ad dl dtedian
tecriqes vere n togther toget the tdd nrter o eqidet miats the Eyeizer cald dtedt.

3 T ntats tht vere raded eqi A at instep?2 vere gan rexeted ad test cses vere grerded
wig the atadic test dta grada @illa [KD] adrn agimst dl ntats.

4 ’mﬁrgliwmts vere ad yd fxr eqi e by lad tofid the tre nider £ eqivdat
Fe resdts o ths exerimat ae dsgapdinHe 3 B niter & eqivdat ntats diected

by eah tedniqe is gwn fa exch pogam e tednges d lop imnats, losting ad sidking ad

oarm sepessian decian dd it et ay eqidat mtats fa thse pogan ths ae ot

idubdinMed T Tot al Det ect ed dungwstlente d eqgivdat ntats dteted wirgdl o

tle tedviges (stepd. Be Tot al Equi val ent odungws tletdd mie f eqgidet mtats fa eah

pgan(derredinstepd. e Percent age Det ect e d cddungws tle proatag d the tdd nuter

d eqivdat mtats tle Bdizr dteted Sme samegivdat mtats en ke dteed by rire thn

ae tedriqg, the surd tle niters o ntats dtected by exh tedriqe is sadires geder thn the

tad nrer d dtected ntats.
@ dserdtinthet can le mak frantle resd ts o these experimats is that the dedian per &

the Bydizer dpads gredly ypm the pogamta g tested ¥ eaple, 40d tle eqivdet ntats

vere dHeted fa BANKER, +hile aly ae we ddeted fa FIND. "Hs is lagly becase FIND catars artas

ad haderd GOTOs, vich ae it laded Wl by ar dta fowadyis dgrithm BANKER wses a
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B=20
IF (A .EQ. 0) GOTO 30
A=4A+1

30 etc.

Hgre 5 Histed Ysan

4 ANBEQIMALENCE IETECH ON TOL

Te Bdizer wes the six tedriqes insectian 3 to atamti cdly rrk ntats eqimvdat in tle Mhra
testing system T Bydizer is irdemtedintle C pogariglagee ad lile M, vals wth
Frttan 77 pogam Hgre 6 slow tle ihled dsgn d the dizr. In Mg, test pogam ae
prsadintoa pstfk irterrad de | ageg dled Mira Interred de G (W0 [KOY]. Fe Fydizer
wes the MCfle to bild the bsic Bakgah fiddl ddftitias, adtle ksic Hads tht exhdfiition
readss. Hisidamiais pesedsepradyirtoexchd the far glinvtianfurtias stomin Fgre 6
Wichaedte taies irdcting vhere dad cak is fard (I8ad G Hie), WichdHfitias Ime castat
s (Gstat He), ad et staants loe inaiats asodded wh them(Inaiat Re). T
inaiat tdles lwe ifamia frarbthinmat poegti o ad camm sdegressian dtedtian

InMha exhmtat is staredina capet renxd dled tle Mat Bsaipa Rooed (NB
tht irdctes tle dags to the NCreesay to aede tht miat. Ater the dad cok, castat,
ad irmat tdles ae castnicted they ae pesed totle fudian Eq w2 v. Equi v aies exhd tle six
techiqes to the mtats in the NRtde.

Tedead code, constant propagaetion, adi nvaritant propagaetion fudias we irfam
wthn the respctive tdles ad the dia fowtdles to dtemire Wetler echntat is eqidet. R
loop 1nvaeriant s fuiaw casidas ntdias tht mdfy the rage  a DO lop Fr exh mtat, tle
rhd d decting vether tle maiaases tle alitiaa ddiad lapimsaiat ok to @ fran
alopis gfied Sulaly tkehoi st ing and sinking futin casdss exh maian tht dags tle
tagt  aGOTO staberat to dsaibe vether tle mtat is eqidet. If ae d thse dtedion fuctias
irdctes thet tle ntat 1s eqidat, ttm Eqg v 7 v mls the mtat eqgivdat ly dagrgits NR

5 EXPERIMNAIDONWIH TIHE BJALL ZFR

Blue wed the Iydizer to ddermire eqideat ntats @ 1 ¥rtran 77 pogam the aver a rage
d qictias. Tese pgamrag insz frasat 5 to R eeatdle staaats ad led frardnt
19 to I mtats. Welso addyzed each pogamty bad to dterire the tre nurler & eqivdet
mtats, ad capred the Bydizr’s dbctiveress ksed an tle proatae d eqivdeat miats tie it
dated Insancses, v castrited pogam to asue thet the sdtvare waled aaredtly; fa exagle,
ve aeted a progrartlet oatared dad aok to test thet prt & the system



@gd Bgan Mat Rggan
X=4A+B X=A+B
Y=A4A+B Y=A+B
Z=X Z=Y
Hgre 2 (Grm Shexqressian Bade
Gigr Rogan @hirreed Bgam
DO 10 I =1, 10 DO 10 I =1, 10
A(I) =0 A (I) =0
B=20 10 CONTINUE
10 CONTINUE B=20

Hgre 3 lapInaiat Bage

3.6 Detecting Equival ent Mutants Using Loop Invari ant Detection

Te DO-lap refaat maia qerata dtas the rags d logs ly dagig tle 1dd in tle DO-
staterert. Trirg codk ginivdiay ok thet is imaiat thagh alapis dten med atsid o the
lap veres mdia en roe ok dthr imd @ atsik d alap B eagle tle lapin Egre

3 aatas a ssgrat tht is med atsd d tle lop dig glinetian If a mtat dags tle
bandry d a lop such thet inaiat cak is roed imd @ atdd o tle lop then tht mtat is
eqivdat.

3.7 Detecting Equival ent Mitants (sing Hoisting and Si nki ng
Histirg ad srkrg is sinlar to lap inaats qlinvdian  4gn it is best udsstod thagh an
eage Inlgre 4is a pggarfragat ad ntat tlet repass tle tagt d tle fist GOTO wthtle
ldd 2
Hs poganfrageat is a aaddie fa a Tosting’ glinvtian Te waidle B is s&t to z0
inbthbrades d tle IF stdaat. Alasting qlinvtian wld me B lefae tle GOTO, & sbomin
Hgre 5 Boase w eand ths lostig the mtat in Bgre 4is eqidat to the aigrd pogan A
wthlapinaiats, if amdi qerda resdts ina pogantle cald ke podoed by the gfinetiay

then that ntat is eqidet.
@gd Bgan Mat Rggan

IF (A .EQ. 0) GOTO 10 IF (A .EQ. 0) GOTO 20
A=4+1 A=A+1

20 B=0 20 B=0
GOTO 30 GOTO 30

10 B=0 10 B=0

30 etc. 30 etc.

Hgre 4 Histirg Qlinvdian Bage



3.3 Equivalencing Mitants Usi ng Constant Propagation

Gstat paegtian indws decting dHiitias vase diwes ae cstat ad cn ke capted &

axple tim Fe castat poegti ndgrithmeirmenatedis maHed dter the paedre dscoribed

by Alen [Al6], lower, ars popgtes axstats ot aly wihin Bock bnrdxies ht dso axcs these

hordries. hs, tle castat dftias dtedted in ae Bock ae wed to dtect castat dfitias in

dhr Bads. s is aoapished by wing the reach ifami an dived frantle dta fbwad s in
cagutticmwthaconst ant t abdl e tht s ae atry fa exh dfiitian If a dfiitianis dternned to ke
castat, thnthd castat e is staedinthedt dfiitials castat tale atry Hsifamiais wed

to derrite eqivdat mtats wen a mtat cnd ke klledif a widle ke tle W inits castat

tdle atry

3.4 Equival encing Mitants Usi ng Invari ant Propagation

Anineiat is ard di o letventwai dles a avadle adacastat the is komtole trie & agwen

piit in a pogan Weeprate thse inm ats irto tw caegries. T fist gap d imanats prtams

to tle dfiitias cxtared in tle poganad ae staedintle de fini t t on i nvariant tabl e. R soad

gapis a nre grad gap tht irdwds imaats fa exh stdemt in the pggan Haiashp

tht ae tre & a prticdla stdeat in tle poganae staedintle s ¢ at e ment i nvariant table ditle

oaresprd g stberat nuter. "Hs iffarianis wed to dierrive eqi det ntats vien a ntat

cant le killed ven a vaidle bs the inaiat rdedin tle diitininaiat tdle ¥ eage to

kll avaidle refaemat mat, the rewai dle nst tee a de that d s frartle dd aidle I

tedefinition invaeriant decision tabl e iddes th twwdles ae aqd, the mtat is eqivet.
Brae d tle lag miter d dsdte Wi isatiav ntats thet ae eqidet, adwdle pee

d ifamtiais the rdaiaship betwen a waidle ad the astat zm0 (e, X>0. Gy ewnif the

vaidde’s oastat e cant be dterrired its rd atiash p wth zero en so e stae thet ifartian

stlestat us dtleamidleintledefini tion staetus decision table. Thsifamiais wad to dterire

eqivdat mtats vien a mtat cant te killed vien a i dle s tle stabs mkedin the dHritian

stadis dasian tdle I eaple, to kll & abs mtat, tle vaidle nst lwe a die the is geder

thnro Hthedefinition status decision tabdbl e indaes the wdle is stndly regliwe tle ntat is

eqivdat.

3.5 Detecting Equival ent Mitants Us1i ng Comnon Subexpression

Tatecting eqi et mtats thragh carm steqressian dinmetian can best ke dssailbed thragh an
eape @Gudr tle pgganfragat ad ae d its mtats slomin Fgre 2 g tednqes fa
ammsbepesmdinmia e endarnre tht XadY lse thesaade wen 7 is dfiad
"hs tle mat is eyivdat.



3.1 Data Flow Anal ysis

&a fbwis a vdl-kom pggamd s tedriqe wed fa capler qiinvtian ad sdtvae testing
It is it cavghdly df6ilt, bt irdastdias & dia fowae tehicdly dtdled ad terd to te
epEe torm e term wedintlis ppe ora frandlen ad @de [AH.

Awidleis de fine d (adef) dmit is adiged a d, i.e, it qpeas a tle left laddd o
an asigrat staerat. Awridleis v s e d venit apeas intle ngt ladsd f o asigmt (a
computation-use)aintteepediad alathstdant (apredi cat e- use) Adef dawmidlereaches a
use if tlere is a pthin tle pgganfrantle def to tle use wthmwitteraig Hutias.

In dta fovadyis, tle pogamis fist prtitiaedito bas i ¢ b1l oc ks, Wich ae mird lireer
seqernes o ook Tesirg ae etry pint (tle fist istrction exeated) ad ae edt (the 1t istnotian
eeated. Gven ths prtitiaing d the pogan tle poganfowd catrd cn ke repesated & a
drected grgh in Wich te bsic Bads ae nods ad tle atid fbs d aatrd ae the edgs.

Ater tle bic Hals ad the catrd fbwhetven these Bods e been estadisted reading
dHiitias en ke fard by fid g the set £ Hiitias  exhdtaitartht rexhexhbisic Bak Hs
is the viand tle set  dHfiitias thet are adldle frarthse rds thet imad 4dy precek each ok,
Hs ifamtiaan e driwedbywga lsic rechdgrithr(e g, & gvnin Alenad Gde [AH)
adstaedinar each tabl e.

Ater tle reah ifatian fa tle Bods is dtenmed capting ach defs rexh a use is
stragtfaard If thae edsts a dfiitiond the dtaitemivrg referared ketwen the stat o the Bok
ad the atd we, thet lst dHiitianis the aly reading dfiition  Qlerdse, exch dHiitian o the
dtaitentld reades tle kegmirg d the Back reactes the we ot dtaitem Whthis iffamtia
exctly ich dfiitias d a waidle enle curat & exhwe d tht andle en le dtemired T
irfartion gthred dnt exch dffitiay in cajurtian wth the rexhidfamiay en owle wed to
demre ayideat mtats.

3.2 Equival encing Mitants Using Dead Code Detection

Aystdeat tht cnrever ke eeated @ woe eeatianis irdewat is casidred dad ook Fe nost
dias famdf ded ook is an ureaddlle staterat, wichhs o aatrd fowpthfrartle egmig &

the poganrto tle staamt. Hs cse is esy to dtedt wiigacatrd fbwgrarh brase tle stadanat
apeas in arok thet is ureeddlle frartle stat k. Sthamd an esily be dtected by eating
abedhfist traersd o the fowgah starting framtle stat k. Ay ik thet is isdaed frartle
start rock WAl 1ot be visted iasly ay mdiontht dags ded ook enrevr dbd the atpt
d tle pggamdis tledae agivdat.

Te scard famf dedcokistled ead defini t i o n, Wdis adfitiand adtaitenrthd is ather
refredbfaeit is refererad a is meer rdaamad Qe restidiananthis dfitianis thet the eeatian
d tle asigrat staeat des it dter the die d aydle daitendler thnthe ae bing dfied
Ay tdin thet acts ana staaat the bes a dad dfitian vl ke eqi v ert.



Id | Rt d Biat Rroat & Al Mats
1 3l 23
2 28 0B
3 408 20
4 29 14
5 24 0u

Be 2 Ruoatags d Bivat Mats by lnd

rachty frard] live miats dter test bed been dvd qud thet divivebed emgh mtats so thet
dut Hf d tle ranang ntats e eqidat. At y p e I ema ws casidred to ke mking a i
epvdat ntat & eqidat, adat y p e 2 aa w mhkigan eyi deat ntat mneqidat. Fe
2 aras ae it serias, sine the mtat remrs in tle sytarto ke reoas dred

TFe dstubirg resdt o Aree’s experirat ws thet pegle juled caredly aly dmt 8P tle
tim B hras mt tye 2 aras 12 tle imad tye 1 aras & tle tim  Sne tye 2 aras
ae ‘taretdle’ drrglaer testing it is redly aly tye 1 aras tle regire dteatian Fe adatae
wigataaed tedriges todtedt eqidat ntats is it thet the techiqe vald it rde ristdes,
ht thet the ristdes rak widd] e o tye 2 Ahatasedtod (if irgerated caretly) wald ot
omine itsdf tht akilldie mtat w eqivdat.

3 dOWILER (PII MZAI ONTHECHN QUES

Bldin ad Syvard [BY  prapsed wirg capler gt strteges to dtect eqivdert ntats.
ey dsamsed grerdly fowtle tedriqes vald vk, ve lee dsiged dgritha (presated in GHt's
thesis [@]), adirjentedtle dgrithm B Jeyirt i onbetird Bl dim ad Sywrd's agrech
is tlt my eqivdet ntats ae, insaasase, athr glinwdias @ de -glinvdias d tle aigd
pogan T trasfardias tht cdk qlinves e podre eqivdat pagan S venan eqiv
dert miat stisfes a ok qlinmtionrde, dgrithm endted the the miat is infat eqivdat.
Bldin ad Syad dsaile six typs d caplea qinio tedriqes tht en ke wed to ditet
eqimvdat mtats:

1 Iad Gk detian

2 (stat Bopgliay

3 Inaiat Rozgtiay

4 @mn Shepresian [ectiany

5 lopImaiat Idtetiay ad

6 Histirg ad Sikrg

Tese six tedmniqes ae dsaibedintle rest d ths setian Bease d spee lintatias, thsis aly
aoerdew Al the dtdls, irdwdrg dgriths ad cxpee rles fa ddhtyes & eqidat mtats
cn le dteted cn be fardin GHt's theis [GY). Bage thse tedniqes dprd ma dta fow
adyis d tle poyan v fist pesat sand the kic cavgds I dta fowad wis.



Mat He Rret  Bidet Rreat d Al Mats
Asd e Mie Iisrtian %3 30
Sda fa Gstat Rpaeat B1 10
Aray fa (Gstat Ryaeat 1.2 0%
Aray fa Sda Rjaaat 39 0N
Sda Vridle Rjaaat 31 aB
Uy Qaaa Ireertian 30 ab
Raiad Qeaa Rpaxeat 24 aor
Al Gl Mdion Qeratas 60 ad

He I Hudeat Mat Rreatags

Frtustdy, ve dblee ae adatag oer the grerd eqi dewe pdiemntle catexdt d mtdian
testing Seafidly e mt Iee to dernne the eqivdare d abtray s d pogan Base €
tle dffitias d tle mati o qerdas, mtat poganae wrymhlile thr aigrd pogar(Bdl
ad Adundsaite mats & ‘eghas’ d the aigrd pogay B tde adatae o ths fat
to dd ptedriges ad lenistis fa deding ray d tle eqivdat ntats.

2.1 Budd’s Equi val ent Mitant Di flicul ty Level s

Bdl [BB] dasifis eqideat ntats by lowdfilt it is to dtet tht tley ae eqivdat. @e
d his dserdtias is tlt eqivdat ntats ae it evaly dstnbied aag tle 2 ntat typs. In
fact, tle eqivdat mtats tad to d wter ang aly afewtyps. Hle 1 suraizes stdistics frartle
pganwdinsatian5d ths prer. Te fist cdunintle tdle dsaibes a tye d i qerda
ad the secad cddun g wes the prroatage 0 the tad miter & egideat ntats represated by tht
type Te thrd ddungws tle prcatae d d] mtats tht ae eqideat d tht tye It is irtaesting
tomtetl aemattye, a b s ol ut e val ue i nsertion (abs), axousfa oe Hf d dl egivdeat mats.
Te abs mtdimqeraa irserts thee umy quraias bfae exhexqpessia ABS capies the dsdue
de d the eqressiacy NEGABS aapies tle regtive  tle dsdue W, ad ZPUS H klls tle ntat
if the eqressianis zrq dlervse the e d tle expessianis udagd

Bddvids the eqi det miats intofieleds d dediandflilty Ted 1is the lest dffilt
dile lewd 5 is the met dffilt to dtet. Bls adyEs soed that led 1 ad led 3 egidat
ntats ae by fa tle mst crm We 2is franBdls dssation [BH], g 17, adgws the
praatae d exhtye d eqivdat ntat. My abs mats ae led 3 Widhis vy thre ae nae
led 3eqivdat mtats. A emaragrg spd d He 2is that Bl ddralit shold ke posiBe to
atadicly dtet eqivdeat mtats o tye 1 thagh 4 — oa B dl eqidat mats by his
caxt.

2.2 Detecting Equival ent Mitants By Hand

It is doias thet dtecting eqivdeat ntats atadidly cnsae mrh tirm ad erergy far tle testers,
bt Aree [ 48] fard thet it calddso pewat pee franding eras inrakig eqi dert ntats.
Aree drse tw sijeds to e ) mtats in exh d far pogan  Bse ntats vae dsen



Te ntatian testing paess g wth an ataated et an ssteanoedting tle ntats & a
test progan "Bt cees ae thm athd atler midly a atadicly to tle ntdian ssterad the
wer deds tle atpt d the poyamm each test ese to see if it is caret. If imared, afalt les ben
fard ad the pogammst ke rod fed ad the poss restated  If the atpt is aaredt, tht test cse
is eeated agirst exhlie mtat. If the aipt & antat dfés frarths S the aigrd pagamit
is asund to le iraredt ad the mtat is killed

Ater d] d tle test cses bwe been ewnted agimst Al o the ntats, exch rerdnig ntat fdls
itoae d twategries. @ the mtat is killdle hit the set o test cies is imffiat tokll it. Inthis
coe, rewtest cses red tole aeded Ty tle mtat is fudtiadlye g w2 v al e nt totle aigd pggan
Aegidat ntat wll dvas podee the saa atpt & the g pogam so o test cee cnkll
it. "hs thee is o mwad far it to raAnin tle swteda futhr csdrdia

1.2 Equivalent Mitants

Fe lst miat in Hgre 1is s egivdat mtat. Ne tht tle efaere toI T ben refaoad by
a refererce to MI N. Sne these tw vndles dvas lme tle san dwe & ths pirt in tle pogan
the rejacat s o ffd an tle furtiad Mwia o the pagam hs tle aipt d the niaed
pogamill dwas beiditicl to tht o tle aigrd.

Te eqidat ntat in Hgre 1 is esy to ddet mmdly e, reggizg eqivdat
mtats, wdly die by hrm eamdiay is ae d tle net eqesie prts d the mdi o poess.
Hs pyer dsailbes dgrithmto the pdland atadtidly dtedting eqivat ntats tht ae tased
asggstias by Bldinad Sywrd [BY. Fse dgri thslee lenieaatedina poganths
atadticlly dtects certdn eqivdet miats. Insedian 2 the pdiemis eaired ad peias vk
dre insdurg ths pdlans pesated Sx tedniges fa Ertidly sdvrg ths pdiemind g dia
fbvadys ad caple qlinvdim strdeges ae pesated in sedian 3 Fese tednqes ae vy
indwd ad tle dgrithn ad apde rles ae in GHt's tleds (@8, A atadic eqivdat
mat dteta, tle iz, is peatedinsatian4 ada dsmpiond severd exprimats wig tle
Edizer is gwninssdianh Krdly cad g reals adsiggstias fa futler reserch are peserted
insatian 6

2 TIEIECH Nz BQI VALENT MITANTS

Brt & tle resm tlet recgizg eqivdat mtats is ae d tle nst expasie mdia testing g
adias is tht eqivdat mtat dtetianis waly due by ld  Guiming aesdf tht a miat is
eqivdat is a axpicted ad ados tsk tht reqires an indyth adys ad udsstadrg o the
pogan Bad Aduin [BY) eatre tle rd diashs btwen eqi deare ad test dtagrestian

Tey stowtlet if tlere is a captale pocedre fa grerding adqate test dafa a pagan theeis
dso a captdle pordre fa dedargif tht pogans eqiveat to adhr poyarad Ve vasa
Tey dso sowtht, in gaerd, mthr d tlese pdlamis dadlle s, thee cn e  cagete
dgrithic sdtim to tle eqidene pdlem



FUNCTION MIN (I,J)
1 MIN =1
A MIN =J
2 IF (J .LT. I) MIN = J
A IF (J .GT. I) MIN = J
A IF (J .LT. I) TRAP
A IF (J .LT. MI N) MIN = J
3 RETURN

Hgre I Hrtian NN

pogans ditidyirfite, sove st fida fiite nrter o test ceses thet wll ge » samaafibe
tht tle pogam's carect.
Atestitgc 72 £t e r 2 0o n sdetsafite st d test ces tlet, if esntedsuessflly wll poick the tester
wthalighlew d caftbree in tle sdtvere beirg tested Mt testing ariteria dvidk the pograts imit
spae irto susets suh thet every test cse in tle sansiset Ies sinla pgerties. Ty the pogan
cn ke tested wirg ae test e frareachsiset. ¥r eage, staaat oaae duds poranmis
1rtosusets vere each test e inasset wil case tle san stdamt to ke readad
Bl t-lesed testing is a grerd strabegy fa dnd qing test da dvids test dtairto susets thet
wll dtect the sam grerd kink o falts. T falts thet ae waly tagted ae typcd nstdes thet
pgamse Mui aiion testiing [[XH is aesuhfalt-lsad testing rethod

1.1 Mitation Testing Overview

Mdaiatestingld 5 the wer iterdivd yaede a st o test dita by irteradti ng wih the wer to strepgben
tle qdity d tle test dta Inrg mdian testing falts ae irtrodoed to pogam by aedting my
vasias d tle sdtwe, exhaatanigae falt. "Bt dtais wed to esate these fal ty pogasn wth
the gd d casirg exh falty pogamto fal. He tle termmtdiay falty pggamae mut ant s &
the aigd, adamtatis k¢ [ | e d yasgit tofdl. Wntlis lqyes, the ntat is casdred d € o d
ad  lagr rexd to rermnin tle testirg poess sire tle falts repesated by tht nitat lese ben
cHtected
Fgre 1 axtdrs a sirle Frtran furtian wth thee mtaed lires (recedd by the Asyddd).
Nte tht exhd tle mided staterats reesats asearae pogan Te st reat i asptan
Mhra [TK T8, v 2tys & midion gqeras to test Frtran 7 pogam. Fse qerdas e
been dd qed ad refied oer 10 years thragh seard ntdian sypterm Te 2 ntdian qerdas
syprted by tle Mlra sytaren be dudditothee grerd desses: s ¢t at e me nt anal ysis, predicate and
domain anal ysis,adcotncidental correctness. Sdanat adys ntats dekfa staaat oeag,
staterat recessity ad oaret 1dd wape Redcie ad dran adyis ntats dek fa cses dere
pogares e aras imd exress as, fa eage, wigtle wagan thetic graa a aniwaredt
capnsmqeraa. T cimdatd caredress qeraias deckfa eses e tle pogarer wes the
wag widle maa argy rdeaeare. T fist adfarthmtatsinkigre laecoi ncit dent al correctness
mtats, theseaadisap redi cat e and domain anael ys i s mat,adtlethrdisas ¢t ¢t e ment anal ysis ntat
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Abstract

Mutationisa soft waretestingtechni que that requires the tester to generate test da
specific,well -definederrors. Mutationtesting executes manyslightlydiffering versi
the same programto eval uate the quality of the data usedto test the program. Alth
are generated and executed efliciently by automated methods, many of the mutants
equvdett o t he original programandare not useful for testing. Recognizing and elimi
mutants has traditionally been done by hand, a time-consuming and arduous task,
practical useful ness of mutationtesting.

This paper presents extensions to previous work in detecting equi valent mutar
present al gorithms for determi ning several classes of equival ent mutants, andre:
tationof thesealgorithms. These al gorithms are basedondata flowanal ysis andsix
techniques. We describe each of these techniques and howthey are used to detect
The design of the tool, and some experimental results using it are also presente:
proach for detecting equival ent mutants that may be more powerful than the opti mi:
introduced.

Ke y wo r d s -eapler qiinvias, sdtwe testitg mtdian testing expriratd sdtvare ergreering

1 INRIDXCHON

Athogh pogess in atading tle testing d sdtwre s gven s willy adldle sdtwe tals tht
atadiclly esate tests, reprt tle resdts, addp pafanregesian testirg ae d tle st dffilt
tedncd pdiemis greding test dta fa wit testing —ad dspte mh ative reserch tle hik

d ths dfit is still left to the tester. Fe catrd test dia grertian pdanis thet the aly wy to
ersure oarediess 1s to test wthdl psabeimpts. Watuady the niter d psabeimis toagwn

*The bk of this work vas done vhile the authars vere wth Gemson Un versity.



