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Fragment F1

S1.  if P then

S3.  end

Fragment F1’

S2.     a := 2

S3.  end

S2.    a := 2

S1.  if P then

S2a.    b := 3

� Z`56U=243�o ��S'8=DQ3�R 2eA�56?#3>C�94h�9<;|A�9&Z`@`@[UVh<9<2_A�943�A:D=DQZ`9<Z`8:C#8�R�^_8=DQ36~

Fragment F2

Fragment F2’

S1.  call PutTermInGFXMode()

S2.  call DrawLine(point1,point2)

S2.  call DrawLine(point1,point2)

Fragment F3 Fragment F3’

S1.  if P then
S2.    (do something)

     endif

S4.  if Q then
S5.    (do something)

S1.  if P then
S2.    (do something)
S3.    a := 2

S4.  if Q then
S5.    (do something)
S6.    print a

     endif

     endif

     endif
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structchange() structchange’()

S1.  read(x)

S3.    if (x = 0)

S5.      exit

S4.      print(x+2)

       end

S6.  print(x+3)

     end

S7.  exit

S1’.  read(x)

S3’.    if (x = 0)

S2’.  if (x <= 0)

S4’.      print(x+2)

S5’.      exit

S6’.      print(x+3)

S7’.      exit

S8’.  print(x+3)

S9’.  exit

        else

        end

      end

S2.  if (x <= 0)
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S2.    while (++x < 0)
     {

       {

         {}

       }

     }

S4.  printf("%d", x);

   }

   {

pathological(x)

      }

S1’.  while (++x < 0)

      {

S3.      while (++x < 0)

S2’.    while (++x < 0)

        {}

        {}

        {}

S3’.    while (++x < 0)

S4’.    while (++x < 0)

S5’.  printf("%d", x);

    {

    }

pathological’(x)

S1.  while (++x < 0)
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T - obsolete

M  -  tests that execute modified code

N   -  tests that execute new code

D   -  tests that execute deleted code

-  modification-revealing tests

M N

D
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T - obsolete

M N

D

M N

D

(A)    retest-all method (B)    optimum method

T - obsolete
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Fragment F4

S1. y = (x-1) * (x+1)

S2. if ( y=0 )

S3.   return(error)

S4. else

S5. return( 1 / y )

Fragment F4’

S1’. y = (x-1) * (x+1)

S2’. if ( y=0 )

S3’.   return(error)

S4’.else

Test Cases

S5’. return( 1 / (y - 3) )

x = -1
x = 1

x = 2
x = 0

t1

t3
t2

t4
S1,S2,S5
S1,S2,S3
S1,S2,S3

S1,S2,S5

test # input execution history

� Z[5:U=2<3�ç ��S'8dDd3tRY2eA�5:?#3�CQ94h³94;EA�9&Z`@`@`U=h<942eA�943t94;=3�@NA6^4È(8�R�h_AJR 3�9XHG8�R�?#Z`C=Z`?(Z`ê�A�94Z[8�C ~

rth�Â'3(;EAJg:3(C=86943�Dsn @[Z`C=3JA�2�3�ä:UEA�94Z`86CÙ9<3�^4;=C=ZNä:U=3�h�C=3�3JDÝC=8:9�h<942<Z`g63�R 8:2�?#Z`C=Z`?(Z`ê�A�94Z[8�C ~�WXCÙ9<;=Z`hc^�A�h<36n�A�@`9<;=8:U=56;
Â'3�Dd8(C=869'P=2<8�g:3�9<;=Z`h�nVÂ³3�m|3�@`Z`3�g63�9<;|A�9&9<;V3�943�^4;=C=ZNä:U=3�hMh<3�@`3�^_9MheAxR 3�9<3>h<9&h<UVZ[943�h�~�WXC/9<;=3�Z`2&Z`CQ9<2_A�P=248d^�3�DQU=2_A�@�g6A�24Z©A�CQ9�n
Â&;=3�243(9<;=3�9<3J^<;VC=ZNä6UV3�h�86CV@[H/;EA�CEDQ@`3�h4Z[94UEA�94Z`86C=hMÂ&;=3�2<3#^�8dDd3c?G8dDdZ�Ós^�A�94Z[8:C=htDQ8/C=8:9�A�@`943�2�^_86CQ9<2486@ �E8�Â�n|?#Z`C=Z`?(Z`ê�Axw
9<Z`8:C�943�^4;=C=ZNä:U=3�h�^�A�C+2<3�g:3�2<9M9<8Gh<3�@`3�^_94Z`C=5�A�@[@s943�h<94h�9<;=2486U=5:;+P=2<8=^_3JDQU=2<3>h�Â&;=3�243�h<UE^4;Ù?#8=DQZÔÓµ^�A�9<Z`86CVh�;EAJg63$8d^>^_U=2<3JDs~
WXCQ9<3�24P=2<8=^_3JDQU=2eA�@&g6A�24Z©A�CQ9<h�8�Rt94;=3(9<3�^4;=CVZ©ä:U=3>hc;EAJg:3(C=8+P=2486m=@`3�? Â&Z`9<;ÄA�@`943�2eA�9<Z`86C=h�Z`CÄ^_8:C�942<8:@��E8�Â�n mE3�^>A�U=h43#9<;V3�H
�_U=h49&ZNDQ3�CQ9<ZÔR H(?G8dDdZ�Ó|3�D(P=248=^_3�DQU=243�h�862'R UVCE^_9<Z`8:C=h&Z`2<2<3>h<P|3�^_9<Z`g:3�8�R�9<;V3�9XHQP|3�8�R�?#8=DQZÔÓµ^�A�9<Z`86C ~

����	�
��E�����( ~|rMP=P=@`Z`3�DG9<8�?#8=DQZÔÓE3�D�P=2<8=^_3�DdU=2<3�hMR 8:2³Â&;VZ©^4;+^_8:C�942<8:@ �E8�Â Z`h&C=869tAxÖµ3J^_9<3�D n=Z`CQ9<2eA�P=2<8=^_3JDQU=2eA�@B@`Z`C=3�A�2
3�ä:UEA�9<Z`86CÝ943�^4;=C=ZNä:U=3�h�86?#Z`9MC=86CQwX?#8=DQZÔÓµ^>A�9<Z`8:CQw�942eAJg:3�2<h4Z[CV5#9<3>h<9<h�mQHLZ`5:C=8624Z[CV5#9<3>h<9<h(94;EA�9�DQ8+C=8:9�3_Ç=3�^_U=943+^<;|A�C=5:3�D
h<3>56?#3>C�94h�~�K 8�Â³3�g:3�2�n:Â&;=3�C/^_86CQ942<86@ �E8�Â�Z`hÃAxÖµ3J^_9<3�D n=@`Z`C=3�A�2�3�ä:UEA�94Z[8:C(9<3�^4;=CVZ©ä:U=3>hÃA�2<3tCV869&DQ3_ÓEC=3JD#A�9�9<;=3MZ[CQ942eA�PV2<8�w
^_3�DdU=2eA�@³@`3�g:3�@X~ �Ý3(Z`CQ9<3�24P=2<3>9c94;=Z`hcA�h�243�ä:U=Z`2<Z`C=5/9<;V3#U=h43�2c948/2<3�g:3�2<9(948�243�9<3>h<9#A�@`@�Â&;V3�CÄ^_86CQ942<86@ �E8�Â Z[h�AJÖs3�^_9<3JDs~
a ;=3�U=h43�8�R�D=A�9_A �E8�Â�Z`CQR 8:2<?/A�9<Z`8:C]^�A�C(R UV2<9<;V3�2&Z`CE^_2<3JA�h<3�94;=3�P=2<3�^�Z[h4Z`86C/8�RB94;=3�9<3�^4;=C=ZNä:U=3�hJ~�r&9'9<;=3�Z`CQ9<3�24P=2<8=^_3JDQU=2eA�@
@`3�g63>@�nQ@`Z`C=3�A�2&3�ä:UEA�94Z`86C/9<3�^4;=CVZ©ä:U=3>h�^�A�C+h<3�@`3�^�9t9<3>h<9<h�94;EA�9&942eAJg63>2<h<3�?#8=DQZÔÓE3JD�P=2<8=^_3�DdU=2<3�hJnBmVU=9tDQ8(C=8:9&9<2eAJg:3�2<h43cA�CQH
?#8=DQZÔÓE3JD�^�8dDd3�Z`C+9<;=8:h<3�PV2<8=^_3�DQUV2<3�hJ~c\QUE^4;+943�h<94h�A�2<3�C=8:9&?#8=DQZÔÓµ^�A�9<Z`86CQwX9<2_AJg63�24h<Z`C=5|nQh<8#h43�@`3�^_94Z[CV5#9<;V3�? @`3�A6DQh�948#A
@`86h4h&Z[CGP=2<3J^_Z`h<Z`86CB~

� Z[5:U=2<3 j DQ3>P=ZN^_9<h�94;=3&Z`CE^_@`U=h4Z[g:3�C=3�h4h³A�C|D�P=243�^_Z`h<Z`8:Cc8�Rµ@`Z`C=3�A�2�3Jä6U|A�9<Z`8:Cc943�^4;=C=ZNä:U=3�h�n:2<3>P=2<3�h43�CQ9<3�DGZ`C O ZNA�562eA�? � r !
A�h�?GZ[CVZ[?(ZÔê�A�94Z`86C#943�^4;=C=ZNä:U=3�hJn�A�CED/Z`C O ZNA�562_A�? � ��! A�h�Z`C�943�2<PV2<8=^_3�DQUV2eA�@�C=86C=?GZ`C=Z`?#Z�êJA�9<Z`8:C(9<3�^4;=C=ZNä:U=3�hJ~ O ZNA�562eA�?
� r ! Z`@`@`U=h<942eA�9<3�h&?GZ[CVZ[?(ZÔê�A�94Z`86C � hB@NA:^<È(8�RBheAxR 3�9XHQn6mQH(@`3�AJgQZ`C=5cA�243�A�h&UVC=h<;EA:DQ3�DGÂ&Z`9<;=Z`C#A�@[@|9<3>h<9t^�A�9<3�5:862<Z`3�hJ~³bMU=94h<ZNDQ3�8�R
9<;V3c^_Z`2e^_@`3�hJn|9<;=3�h4;EA6Dd3�D+A�243�A#Dd3�P=ZN^_9<h�94;=3�C=8:CQw�?G8=DQZÔÓµ^�A�94Z`86CQwX9<2_AJg63�24h<Z`C=5�943�h<94h�h43�@`3�^_943�D+mQHG9<;=3�943�^4;=C=ZNä:U=3�h�A�h4h<U=?�w
Z`C=5#94;EA�9�Â&;=3>CÝP=2<8=^_3�DdU=2<3�h(^_8:C�9_A�Z`CÙ?#8=DQZÔÓE3�D/^_8:C�942<8:@��E8�Â 94;=3�H+?(UVh<9th43�@`3�^_9cA�@`@�943�h<94hc94;=2<8:U=56;Ù9<;V3cP=248=^_3�DQU=243�h�~
O ZNA�562_A�? � ��! h4;=8�Â&ht94;=3�Z`CE^_@`U=h<Z`g:3�C=3�h4h�A�C|D#PV2<3�^_Z`h4Z[8:C+8�R�@`Z[CV3�A�2&3�ä:UEA�9<Z`86CG9<3�^4;=CVZ©ä:U=3>h�Â&;V3�C/9<;=3�H+DQ8(CV869tA�949<3�?GP=9
9<8(?GZ`C=Z`?(Z�ê�3&94;=3�h<3>9&8�R�943�h<94h�h<3�@`3�^_943�Ds~�WXC�94;=Z`ht^�A�h436n=94;=3�h4;EA6DQ3JD�^�Z[2_^_U=@NA�2tA�2<3�A�hth4Z[5:C=ZÔR H�9<;=3�943�^4;=C=ZNä:U=3�h � h<3>@[3J^_9<Z`86C
8�R�A�@`@&?#8=DQZÔÓµ^>A�9<Z`8:CQw�942eAJg:3�2<h4Z[CV5�943�h<94h�n&Â&;V3�2<3�A�h#94;=3/h<;EA:DQ3�D A�2<3�A�h(86U=94h<ZNDQ3/9<;=3+^_Z`2_^_@`3�h#h4Z[5:C=ZÔÓE3�h(94;=3/9<3�^4;=C=ZNä:U=3�h �
h<3>@[3J^_9<Z`86C,8�R�943�h<94ht94;EA�9tA�2<3�C=869&?G8=DQZÔÓµ^�A�94Z`86CQwX9<2_AJg63�24h<Z`C=5E~

��� 
�<	+ &
�� ~�l Z[CV3�A�2'3�ä:UEA�94Z`86C#943�^4;=C=ZNä:U=3�h�A�2<3�A�U=9<8:?�A�9_A�m=@`36~ � ;=3�CG9<;=3�943�^4;=C=ZNä:U=3�h&8:PE3�2_A�943cA�h'?#Z`C=Z`?#ZÔê�A�94Z`86C
9<3J^<;VC=ZNä6UV3�h�n:9<;=3>H�2<3�94U=2<C(h4?�A�@[@�943�h<9�h4U=Z`9<3�h³A�CED�94;�UVh�243�DQUE^�3&9<;=3'9<Z`?#3�2<3�ä:U=Z`2<3JD�948t2<UVCc94;=3³h43�@`3�^_943�D(943�h<94h�~�K&8�Â'3�g:3�2�n
� Z`he^4;=3�2Mh<9eA�9<3�hM9<;EA�9tDQU=3�948(9<;=3�^�A�@N^_U=@NA�9<Z`86C=h'2<3Jä6UVZ[243�D/948(h<86@`g:3�h4HQh<9<3>?#h&8�R�@`Z[CV3�A�2&3�ä:UEA�9<Z`86CVh&9<;=3�943�^4;=C=ZNä:U=3�hM?�AJH
m|3]D=A�9eAGA�CED+^�86?#PVU=9eA�9<Z`86CGZ[CQ943�C=h<Z`g:3c8:C+@NA�2<5:3�P=2486562_A�?Gh�Å 0 p Æ ~&WXC+RXA6^_9JnE94;=3�U=CEDQ3�24@`H�Z`C=5(PV2<86mV@[3>? Z[h q > w�;|A�2eD Å 0 o Æ n
A�C|D�A�@`@EÈQC=8�Â&C+pJw 0 Z[CQ943�563�2&PV2<865:2eA�?#?#Z`C=5�A�@[5:8624Z[94;=?#h�?/AJHc9_A�È63�3_Ç=P|86C=3>C�94ZNA�@B94Z`?#36~ O 3�h4P=Z`9<3�94;=Z`h&PE8:h<h4Z[mV@[3�Â'8624h<9Xw

0 y



(B)   non-minimization versions(A)   minimization versions

T - obsolete

M N

D

M N

D

T - obsolete
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Test Cases

test # input

P=0,Q=1
P=1,Q=1

execution history

t1S2’.  x := 3
t2

S1,S2,S3,S4
S1,S3,S4

Fragment F4 Fragment F4’

S1. if P = 1 

S2.   x := 2

S3. if Q = 1

S4.   y := x

S1. if P = 1

S3. if Q = 1

S4.   y := x
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Procedure avg

S1. count = 0

S4.   if (n<0)
S3. while (not EOF) do

S2. fread(fileptr,n)

S5.     return(error)

S6.     numarray[count] = n
      else

S7.     count++
      endif t3

S8.   fread(fileptr,n)
    endwhile

S9. avg = calcavg(numarray,count)
S10.return(avg)
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(B)   dynamic slice technique(A)   execution slice technique

(D)   approximate relevant slice technique(C)   relevant slice technique
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(worst case)

(A) SelectTests and SelectInterTests

(in practice)

(C)  SelectTestsMorePrecisely and
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