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I n t r o d u c t i o n 

I n softwar e testing ,  on e i s ofte n intereste d i n judgin g ho w 
wel l  a  serie s o f  tes t  input s test s a  piec e o f  cod e — th e 
mai n ide a bein g t o uncove r  a s m a n y fault s a s possibl e 
wit h a  poten t  se t  o f  tests .  Unfortunately ,  i t  i s  almos t 
impossibl e t o sa y quantitativel y ho w m a n y 'potentia l 
faults "  ar e uncovere d b y a  tes t  set ,  no t  onl y becaus e o f 
th e diversit y o f  th e fault s themselves ,  bu t  becaus e th e 
ver y concep t  o f  a  "fault "  i s  onl y vaguel y define d (Fried -
m an i '  Voas ,  1995) .  Thi s ha s lea d t o th e developmen t 
of  tes t  adequac y criteria ,  criteri a tha t  ar e believe d t o 
distinguis h goo d tes t  set s fro m ba d ones .  W h e n a  tes t 
adequac y criterio n ha s bee n selected ,  th e questio n tha t 
arise s nex t  i s ho w on e shoul d g o abou t  creatin g a  tes t 
set  tha t  i s  "good "  wit h respec t  t o tha t  criterion .  Tha t 
questio n i s th e topi c o f  thi s abstract . 

We ar e specificall y concerne d wit h adequac y criteri a 
tha t  requir e certai n feature s o f  a  program" s sourc e cod e 
t o b e e.xercised .  A  simpl e exampl e woul d b e a  criterio n 
tha t  says ,  "Eac h statemen t  i n th e progra m shoul d b e 
execute d a t  leas t  onc e whe n th e progra m i s tested. "  Tes t 
methodologie s tha t  us e suc h criteri a ar e usuall y calle d 
coverag e tests ,  becaus e certai n feature s o f  th e sourc e cod e 
ar e t o b e "covered "  b y th e tests. ' 

Th e exampl e give n abov e describe s siateiiien t  cover -
age,  whic h i s a  coverag e criterio n no t  i n genera l  use . 
Th e simples t  coverag e criterio n tha t  i s  use d i n practic e i s 
branc h coverage .  Thi s criterio n require s tha t  ever y con -
ditiona l  branc h i n th e progra m mus t  b e take n a t  leas t 
once .  Fo r  example ,  t o obtai n branc h coverag e o f  th e cod e 
fragment : 

i f  ( a > = b )  {  d o on e thin g } 
els e i  d o somethin g els e > 

require s on e progra m inpu t  tha t  cause s th e valu e o f  th e 
variabl e a  t o b e greate r  tha n o r  equa l  t o th e valu e o f  b , 
and anothe r  tha t  cause s th e valu e o f  a  t o b e les s tha n 
tha t  o f  b .  O n e effec t  o f  thi s requiremen t  i s t o ensur e tha t 
th e 'd o on e thing "  an d "d o anothe r  thing "  section s o f 
th e progra m ar e bot h executed . 

Ther e i s a  hierarch y o f  increasingl y comple x coverag e 
criteri a havin g t o d o wit h th e conditiona l  statement s i n 
'There is no reason to believe that the niethodology de-
scribe d i n thi s abstrac t  wil l  no t  wor k fo r  othe r  kiiul *  o f  ade -
quac y criteri a a s well ,  bu t  certai n flavors  o f  coverag e testin g 
ar e o f  iniinediat e interes t  becaus e th e Federa l  Aviatio n Ad -
ministratio n require s tha t  safety-critica l  aviatio n softwar e b e 
teste d wit h input s satisfyin g multipl e conditio n voierage .  a 
particula r  typ e o f  coverag e test . 

a program .  A t  th e to p o f  th e hierarcli y  i s multipl e con -
ditio n coverage ,  whic h require s th e teste r  t o ensur e tha t 
ever y permutatio n o f  value s fo r  th e boolea n variable s i n 
a conditio n occur s a t  leas t  once . 

Wit h an y o f  thes e coverag e criteria ,  th e questio n arise s 
of  wha t  t o d o whe n a  tes t  se t  fail s t o mee t  th e chose n 
criterion .  Often ,  th e nex t  ste p i s t o tr y t o find  a  tes t  se t 
tha t  doe s satisf y th e criterion ,  bu t  thi s ca n b e quit e dif -
ficult  becaus e th e conditio n t o b e covere d m a y b e deepl y 
neste d i n th e code ,  an d i t  i s  necessary ,  i n essence ,  t o ex -
ecut e th e progra m backward s i n orde r  t o discove r  whic h 
input s wil l  caus e th e criterio n t o b e met .  Fo r  instance . 
i n th e branc h coverag e exampl e give n above ,  i t  migh t 
be necessar y t o find  a  se t  o f  input s tha t  caus e a  t o b e 
les s tha n b .  I t  i s  eas y t o demonstrat e tha t  finding  a  se t 
of  test s tha t  satisf y multipl e conditio n coverag e (a s wel l 
as mos t  othe r  coverag e criteria )  i s  equivalen t  t o solvin g 
th e haltin g problem ;  ther e i s n o algorith m tha t  ca n per -
for m thi s tas k successfull y i n al l  cases .  W e sugges t  tha t 
a heuristi c approac h m a y hol d pronii.se . 

I n particular ,  w e ar e investigatin g th e applicatio n o f 
ca.s e base d reasonin g ( C B R )  t o th e automati c generatio n 
of  tes t  ca.se s b y applyin g a  se t  o f  pre-fabricate d tweak s t o 
u.ser-define d test-case s (Kolodner .  1993 ;  Turner .  1992) . 
Preliminar y wor k i s  focuse d o n understandin g wha t 
strategie s h u m a n tester s resor t  t o whe n confronte d wit h 
an initially-poo r  tes t  set .  Researc h int o thes e method s 
wil l  guid e th e creatio n o f  a  se t  o f  tweak s tha t  coul d in -
principl e impar t  a  mod icu m o f  creativit y t o a  test-set -
geiieratio n progra m (Schan k <S:  Leake .  1989) . 

As par t  o f  test-cas e generation ,  ou r  researc h efi'or t 
must  b y necessit y concentrat e o n tracin g backward s 
tiiroug h a  program .  I n th e exampl e above ,  fo r  instance . 
our  progra m i s require d t o automaticall y devis e a  wa y 
of  makin g sur e tha t  a  turn s ou t  t o b e les s tha n b  i n a t 
leas t  on e tes t  case .  W e ar e als o focusin g o n capturin g 
th e inheren t  •structure "  o f  tes t  cases .  C B R shoul d prov e 
especiall y apropo s t o thi s aspec t  o f  th e task . 
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