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program Main

SUM := 0
i := 1
while i < 11 do

SUM := SUM+i
i := i +1

od
print (SUM)
print (i)

end

Edge Key
control dependence
loop-independent flow dependence

| loop-carried flow dependence

ENTRY

SUM := 0 i := 1 while i < 11

SUM := SUM + i i := i + 1

Output(i) Output(SUM)
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T T
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ð ðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpðpð
procedure Main

sum := 0
i := 1
while i < 11 do

call A (sum, i)
od
print(sum)

end

procedure A (x, y)
call Add (x, y)
call Increment (y)

return

procedure Add (a, b)
a := a + b

return

procedure Increment (z)
call Add (z, 1)

return

ENTER Main

sum := 0 i := 1 while i < 11

call A

Output (sum)

xin := sum yin := i sum := xout i := yout

ENTER A

call Addx := xin y := yin call Inc xout := x yout := y

ain := x bin := y x := aout zin := y y := zout

ENTER Inc

z := zin call Add zout := z

ain := z bin := 1 z := aout

ENTER Add

a := ain b := bin a := a + b aout := a

Edge Key
control

intraprocedural flow
(loop-independent)

| intraprocedural flow
(loop-carried)

summary

call,
parameter-in,
parameter-out
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ò òpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpòpò
procedure Main

i := 1
while i < 11 do

call A (i)
od

end()

procedure A (y)
call Increment (y)

return

procedure Add (a, b)
a := a + b

return

procedure Increment (z)
call Add (z, 1)

return

ENTER Main

i := 1 while i < 11

call A

yin := i i := yout

ENTER A

y := yin call Inc yout := y

zin := y y := zout

ENTER Inc

z := zin call Add zout := z

ain := z bin := 1 z := aout

ENTER Add

a := ain b := bin a := a + b aout := a

Edge Key
control

intraprocedural flow
(loop-independent)

| intraprocedural flow
(loop-carried)

summary

call,
parameter-in,
parameter-out
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FI=¼£Ï�]�V¦§{

b-: b-:)w \$O(* i256�2�+ ~# iø9��2547ea|}e,&,~#&Ï$'yç&Ï$!(58� �x�25 iâR î$�~Ø �+zã�cd47e,ec	Lö±V©	LX� iãH i25 $'~# ux�47254a{< #(� i2�x�47âRân	
&Ï$'y¹4a$'ø�U e,&,47âR&Ï$'y

¸	9@B»?>Bu�Q=@FpEGFIaN=>J}a�ZkEG9>BUJCO*JCEGBDH ?@BVfkBD=>?>BD=>xDBlqbAGPmf>9�Pm=>?®F_=NEGBDACf>ACa*xDBD?>;>AGPmYQJGYIFIxDFI=>q�PmJGJG;@H"B�EG9QP]E�fQP�AGPmH®Á
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Statement
Number Programý ýhýhýhýhýhýhýhýhýhýhýhýhýhýhýhýhýhýhýhýhýhýhýhý

1 read(N)
2 for i = 1 to N do
3 a = 2
4 if c1 then
5 if c2 then
6 a = 4

else
7 a = 6

fi
fi

8 z = a
od

9 print(z)

Execution History 1
Input N =1, c1 and c2 both true. <11 , 21 , 31 , 41 , 51 , 61 , 81 , 22 , 91>

Execution History 2
Input N =2, c1 and c2 false on the first iteration and true on the second.
<11 , 21 , 31 , 41 , 81 , 22 , 32 , 42 , 51 , 61 , 82 , 23 , 91>
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read(N)
for i = 1 to N do

a = 2
od

Execution history of slice

<11, 21, 31, 22, 32>
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Slice 1: slice on z at s 9 for the input N =1, where c1 and c2 both true:

static slice contains s 1−s 9

dynamic slice (marking nodes) contains s 1−s 6 , s 8 , s 9

dynamic slice (marking edges) contains s 1 , s 2 , s 4−s 6 , s 8 , s 9

Slice 2: slice on z at s 9 , for input N =2, where c1 and c2 false on the first iteration and true on the second:
static slice contains s 1−s 9

dynamic slice (marking nodes) contains s 1−s 6 , s 8 , s 9

dynamic slice (marking edges) contains s 1−s 6 , s 8 , s 96�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6
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$�� � ���  � ,�����æ���þ�ý  ����ÿ&���#ß�-J� 8°ò�óZ÷ ø�ø 7EîUð�ñEô�ó�õ�íLK ø zag ø ð·íLc � íLKÄîUò�7eQgð³ð³ë�é¿êR¤}é)g�éEîUî¥O'óIðZõ ø ò ø ðd÷ øóIð�5ScIô�í ø ö¦5¹÷�î ø ðd÷ ø ô ÚF� � å&,���æ
á³Ú%$  �¿æ9þ�T_áfU�Ý�Û¿Ú·ÛZÜÄÜF��ßà TIÞ�âh�rß�ú�,��¿û  ���«ü�ß%� � ���  � � ý�ýZß§ �å ÿ&��ÿ&�  ý2ÿ���� 	� å þ2æ<�  ý  ��æ�$dæ�����æ�����æ�þ2,�þ2ÿ&����ý2û�æ � ��æ��  ý2æ�þ�ýZß§-J�
8°òzóZ÷ ø�ø 7IîUð*ñEôjó�õ�íLK ø QYOap 5�NfqA8srBQ4tvu
�¨O�óEð�õ ø ò ø ð·÷ ø óIð�8\ò�ó�ñEò�éEöhö�îUð�ñEr¬éIð*ñEë�é�ñ øhx�ø ô�î ñEð�éEðM7
N�ö43¹ê ø ö ø ð·íCéÄí�îïóIð Ú>$  �¿æ�þ�Û9áX��U¹Û���Û¿Ú³ÛZÜ¿Ü�V�ßà T�T9â?\�ß§�  �  å ÿ'���  �  ���+jjß§�gæ�$�þ9ß©:ºý2û�æ � �&ä �)	 $�� � ���  �ª� � ��ÿ��S�  ý2ÿ � ��þZßE-J� 0 ß;:<���  ��þi�¿ä  ���
j}ß 0 ßZ gß �� ÿ&�  ,���ÚZæ���ÿ<ý � ��þ9Ú 8°òzóZ÷ ø�ø 7IîUð*ñEô\ózõ
í¡K ø O'óÄêUê ó�«�ë*îUë*ö�óEðeO�óEö ù îUð³îUð�ñh8.éEò�é�7Eî ñEöhô�õ�óEò�5·ózõ�í �g�éEò ø¬x�ø�b_ø ê ó3dö ø ðdí Ú%$  �Äæ�þ�Û��XT�U·Û}�FV�ß 0 $���ÿ&���¿æ��®(�¯sæ���å  �#Ú�ÛZÜÄÜ�ÛÄß

�F�



à TIÝ�â?\�ß_�  �  å ÿ&���  �  ����j}ßa�.æ�$�þZß �I� ��ÿ��S�  ý2ÿ � �  å&�Äæ����  þZßh-*� 8\ò�óZ÷ ø�ø 7EîUð�ñEô�ózõ~í¡K ø 5 ø ÷�óIð`7�N�ðdí ø ò �ð·é¿íïîïóEð·é¿ê�O'óIðZõ ø ò ø ðd÷ ø óEðCQ
ê ñ ø_ù ò�éEîï÷�p ø íLKGó�7Äó¿ê0ó�ñ)c�éEðM7©5¹ó�õ�ídg"éEò ø z ø ÷=KÄð·ó¿ê0ó�ñ)c ß 0 $���ÿ'���Äæ��®(�¯sæ���å  �#ÚÛ�Ü¿ÜFV�ßà TIÜ�â 0 ß
�  $�$�þ  ���E .ß[W�ßf�¦æ�ä%,��Eæ���ß 0 æ�åçæ���ý2ÿ&���oþ �
	 ý 12 ��æsý2æ�þ�ýs�  ý  ,�þzÿ'���D�  ý �°S��1 ÿ&� 	d� ���  ý2ÿ � �Qß N è�è"è
z*ò�éIð#ô(é¿÷ZíïîïóEð³ô�óEð�5¹ó�õ�ídg"éIò ø�è ð*ñEîUð ø�ø ò�îUð�ñ Ú 0  #(�Û¿ÛF�Cá%��±Z�ÄÞXT�U��XT
��Ú�ÛZÜÄÝF��ßà Ý���âoj}ßM�.æ�$�þZßo�<�bý2û�æ  å&�¿æ����  ÿ&�h$�� � $·æ��&ý2ÿ æ�þ �
	 $�� � ���  �±ÿ&�¿ý2æ����  ý2ÿ � �Qß�j'æ���û���ÿ'�  å;�gæ�$ � �&ý}ÝF�ÄÞ�ÚS����ÿ�(
�Äæ���þ2ÿ<ý¶ä �
	 �Åÿ þi� � ��þ2ÿ&�  ý �� ��ÿ þ � �QÚ>W),���æ»Û�Ü¿ÝÄÜ�ßà Ý�Û�âoj}ß��.æ�$�þZß6:
å&�Äæ����  ÿ&�4$�� � $dæ��&ý2ÿçæ�þ �)	 $�� � �F�  � ÿ&�¿ý2æ����  ý2ÿ � �Qß 5·÷�î ø ð·÷ ø ó�õ�O�óEö�3·ë�í ø òD8°òzó�ñEò�éEöhö�îUð�ñ ÚÛ)T>±<Û}�¿Ü}U�V�Û}�GÚ�Û�Ü¿Ü�ÛÄß

à Ý�V�âoj}ßa�gæ�$�þ  ����jjß;^R��ÿ&��Iæ���ß 0 æ��  �¿ý2ÿ&��þ�(*�  þ2æ��²$�� � �F�  �¨ÿ&�¿ý2æ����  ý2ÿ � ��ÿ å å&,�þ�ýi�  ý2ÿ'���»ÿ&�¿ý2æ�� 	 æ���æ����9æ~ÿ&�ÿ&�Äý2æ�� 	 æ���ÿ&���9�Äæ���þ2ÿ � ��þ �
	 $�� � ���  ��þZß�-J� 8°òzóZ÷ ø�ø 7IîUð*ñEôjó�õ�íLK ø 5 ø ÷�óEðM79N�ð·í ø ò�ð·é¿íïîïóEð·é¿ê2³bóIòi´�ô�KGó3-óEð
5¹ó�õ�ídg"éIò ø O�óEð}µ'ñEë*ò�é¿íïîïóEð�p@éEð·éZñ ø ö ø ðdí Ú%$  �Äæ�þ\áFÞ�U��F��ÚFú���ÿ'���9æ�ý � �QÚS@oæ 1 WEæ���þ2æ�äGÚM�4�(ý � �dæ���Û�Ü¿ÝÄÜ�ßà Ý���âoj}ß
�.æ�$�þ  ��� 0 ß
m � � 1 ÿ<ý � ß 0 æ��  �¿ý2ÿ&��þ�(*�  þ2æ��h$�� � ���  � ÿ&�¿ý2æ��F�  ý2ÿ � �QßF-*� 8°òzóZ÷ ø�ø 7IîUð*ñEô°ó�õ.íLK ø 5 ø ÷�óIð`7è ë*òzó�3 ø éEð¥5ScIö�3�óIô�îUë*ö�óEð�8°ò�ó�ñEò�éIö�ö�îUð�ñ�¶ è 5§{A8£· ¸�¸�¹ ÚX$  �Äæ�þoÛ�����U¹Û�áX��Úf@  ���(äFÚX���  ����æÄÚ �� ����ûÛ�Ü¿Ý¿Ý�ß

à ÝIáEâoj}ßk�gæ�$�þZÚ 0 ßkm � � 1 ÿ<ý � Ú � ß 0  �Äÿ��¹Ú  ���¨\�ßa� � þ  äFß 0 $dæ�æ���ÿ'���¢,�$�þ2å ÿ&��ÿ'���³ß�-*� 8°ò�óZ÷ ø�ø 7EîUð�ñEô}ó�õ~íLK ø
5 ø ÷�óEðM7�Q�Oap 5�NfqR5§{A�Dzº5ScIö�3�óIô�îUë*ö óEð»�QóEë�7¿éÄí�îïóIð#ôhó�õo5¹ó�õ�ídg"éIò øOè ð�ñEîUð ø�ø ò�îUð*ñ ÚS$  �Äæ�þ�ÛÄÛU�V���ÚÛ�Ü¿ÜEá³ß'ú�,���å ÿ þ2û�æ��aÿ&�¥:D� � 0 -¼\ 0 �h�;j½@ � ý2æ9þ��¹Û�Ü���á#ßà Ý���âoj}ß��.æ�$�þ  ����\�ßS� � þ  äFßAú���æ���ÿ þ2æ
ÿ'�¿ý2æ���$�� � ��æ���,��  åk��û � $�$�ÿ&���#ßa-*� 8°òzóZ÷ ø�ø 7IîUð*ñEô�ó�õ}í¡K ø íLKÄîUò�7?QYOap
5`cEö43�óEô�îUë*ö óEð¢í¡K ø �QóEë*ðM7¿éÄí�îïóIð#ô�ó�õ<5¹ó�õ�ídg"éIò ø�è ð�ñEîUð ø�ø ò�îUð�ñ �L�  þ2û�ÿ'���Iý � �QÚÄüo����Ú`�4�(ý � �dæ��
ÛZÜ¿Ü���ßà ÝÄÞ�âoj}ßX�gæ�$�þ  ���E�Íß
�  ���³ß`jgû�æ
þ2æ��  �Äý2ÿ&��þ �
	 $�� � ���  ��þ2å ÿ'��ÿ&���#ß�j'æ���û���ÿ&�  åS�.æ�$ � �&ý2T�TFT*ÚX����ÿ��Äæ���þ2ÿ<ý�ä
�
	 �Åÿ þi� � ��þ2ÿ&�?( �� ��ÿ þ � �QÚ>W),���æ�ÛZÜ¿ÝÄÝ�ßà Ý>T9â?\�ß%� � ý2û�æ�����æ�å  ��� � ßZW�ß�m  ��� � å&�Qß 0 æ�åçæ���ý2ÿ&����ý2æ�þ�ý2þ  ���aÿ&��æ��¿ý2ÿ 	 ä*ÿ'����ý2æ�þ�ý�� � �Äæ��  �Äæ<��æ�¾X,�ÿ&��æ���æ��¿ý2þ
	d� ��� � ��ÿ��³æ���þ �)	 ý 12 ��æ¿ß2-J� 8\ò�óZ÷ ø�ø 7EîUð�ñEô}ó�õ�íLK ø QYOap 5�NfqR5#{A�hz¨N�ðdí ø ò�ðdéÄí�îïóIðdéÄêM5ScIö�3�óIô�îUë*ö±óEð
5¹ó�õ�ídg"éIò ø z ø ô(í�îUð�ñ»éIð`7?Qoð·é¿ê¿cEô�îUô Ú>$  �¿æ9þjÛ�Þ¿Ü�U�ÝEá³Ú):D,���,�þLýOÛZÜÄÜEá³ßà ÝÄÝ�âoj}ß 0 û�ÿ'� � ��,��  ß¢j.û�æ¢$�� � �F�  � þ2å ÿ&��ÿ&���aý2æ���û���ÿ&¾>,�æ  ���¦ÿ<ý2þ  $�$�å ÿ&�  ý2ÿ � �bý � ý2æ9þLý2ÿ'���³Ú;��æ���,����¿ÿ&���
 �����  ÿ'�¿ý2æ��  ����æ¿ß |GóEë*ò�ðdéÄêQó�õ�N�8�5�ó�õ�|Fé3�éEð Ú�Ü%�¶Ü>��±<Û}�XTEÝ}U·Û}�¿Ý¿Þ�Ú 0 æ�$*ý2æ����·æ��jÛ�Ü¿Ü�V�ßà ÝÄÜ�âY���  ���¢j.ÿ'$>ß q ø ð ø ò�éÄí�îïóIð@ó�õ<8\ò�ó�ñEò�éEöÀQoðdéÄê[cIô�îUô�z�óZóÄêÈô ß\ú�û³ü,ý2û�æ9þzÿçþ9Ú�����ÿ��¿æ���þzÿ ý¶ä �)	 :<��þ�ý2æ����  ��ÚÛ�Ü¿ÜF��ß

à Ü���â?\�ß�¯sæ����  ý2æ�þ2û>ß� #"%$dæ���ÿ&��æ��¿ý  åX��æ�þi,�å<ý2þ 	 � � �~�Gä��  ��ÿ&�"þ2å ÿ&�9ÿ&��� �
	 ��$�� � ���  ��þZß Q�Oap zGòzéEð³ô�éÄ÷Zí�îïóIð#ôóIð©8°ò�ó�ñEò�éIö�ö�îUð�ñ�r�éEð�ñEë�éZñ ø ô�éEðM7E5`cEô(í ø ö�ô Ú#Û)TX�JVX��± ÛZÜ>T�U�V�ÛZÞ�Ú �� ����û@ÛZÜÄÜF��ß
��Û



à Ü�Û�â?\�ßÁ:hß`¯sæ����  ý2æ�þ2û>ß�j.û�æ~þ2æ��  �¿ý2ÿ&�  $�$�� �> ��û�ý � $�� � ���  � þ2å ÿ&��ÿ'���³ßo-J� 8°ò�óZ÷ ø�ø 7EîUð�ñEôhó�õ�í¡K ø QYOap
5�NfqA8Ar;Q�t~uXwEO�óIðZõ ø ò ø ð·÷ ø óEð�8°ò�ó�ñEò�éIö�öhîUð*ñ<r�éEð�ñEë�éZñ ø�xOø ô�î ñEð�éEðM7hN�ö43¹ê ø ö ø ð·íCéÄí�îïóIð�y�z�óIò�óEð·í�ófy
{°ð·íCéIò�îïó Ú�W),���æYV¿Þf(®VÄÝ¯ÛZÜÄÜ�ÛÄßà Ü�V�âOü�ß��¦æ�ÿ þ2æ¿Úf�}ß��s��æ 1 Ú � ß
 �����þ�ýZÚ  ���E^
ß 0 ý2æ9æ���þ¼� F ���>ß>¯  å&,�æA��æ�$·æ���æ�����æ��F�  $�û�þ�±;�gæ�$���æ�þ2æ��¿ý  ý2ÿ � �
1 ÿ<ý2û � ,*ýgý  "  ý2ÿ � �QßA-*� 8°ò�óZ÷ ø�ø 7EîUð�ñEô�ózõ�í¡K ø QYOap 5�NfqA8Ar;Q�t � 5�NfqAQYO�zÂz_g ø ðdíïîÃµ"ò�ô(í65ScIö�3�óIô�îUë*öóIð©8°ò�îUð·÷�îZ3¹ê ø ô�ózõ�8°ò�ó�ñEòzéEö�öhîUð*ñ?r¬éIð*ñEë�é�ñ ø ô Ú%$  �¿æ�þ2V¿Ü>T�U���Û���Ú�W  �>,  �&ä�Û�Ü¿ÜIá#ßà Ü���â � ßR�¦æ�ÿ þ2æ���ß 8°ò�ó�ñEò�éIö 5·êìîï÷�îUð*ñXÄÅ�>óIò�ö»é¿ê[y�8\ô�cÄ÷=KGóÄê ó�ñEîï÷�é¿ê�éEðM7l8\ò�é¿÷Zíïîï÷�éÄê2N�ð b_ø ô(íïî ñ¿é¿íïîïóEð³ôbózõ¢éEð
Qoë�í�óEö~éÄí�îï÷�8\ò�ó�ñEò�éEö�Q ù ô(íïò�é¿÷ZíïîïóEðÅp ø íLKGó�7 ßÅú�û³üÎý2û�æ�þ2ÿ þZÚAjgû�æ»����ÿ��¿æ���þzÿ ý¶ä �)	o� ÿ&��û�ÿ&�  �QÚ�:<���
:<��� � ��Ú � ÿ&��û�ÿ&�  �>Ú³ÛZÜ>TEÜ�ßà ÜIáEâ � ß=�½æ�ÿçþzæ���ß¿ú6� � �F�  � þ2å ÿ&��ÿ&���³ß�-J� 8°ò�óZ÷ ø�ø 7EîUð�ñ�ó�õ°íLK ø �"î§õ�í¡KhN�ð·í ø ò�ðdéÄí�îïóIðdéÄêSO�óEð�õ ø ò ø ð·÷ ø óEð?5¹ó�õ�ídg"éIò øè ð�ñEîUð ø�ø ò�îUð*ñ Ú>$  �¿æ9þ°á>�¿Ü}UGá¿áGÜ�Ú �� ä@ÛZÜ¿Ý�Û¿ßà Ü���â � ßX�¦æ�ÿ þ2æ���ß'ú6� � �F�  �E��æ���þR,�þ2æjþ2å ÿ'��æ�þ 1 û�æ��²��æ���,��F�¿ÿ'���³ß OaQYO_p ÚkV��%�®T���± á¿áGÞ�U*áX�FV�Ú�W),�å<ä�ÛZÜÄÝFV�ßà ÜÄÞ�â � ßS�½æ9ÿ þ2æ���ßo�.æ�� � ��þ�ýi��,���ý2ÿ&���aþzæ�¾X,�æ��¿ý2ÿ  å#�·æ�û  ��ÿ � � 	 � � �Æ$  �  å å æ�åa�·æ�û  �*ÿ � �4$�� �)Ç æ��(ý2ÿ � ��þZß N�ð�õ�óEò �ö»é¿íïîïóEð©8°ò�óZ÷ ø ô�ô�îUð�ñor ø í�í ø ò�ô Ú·ÛfT>�J�X��±<Û}V¿Ü}U·Û�����Ú��<��ý � �dæ���ÛZÜÄÝF��ßà Ü>T9â � ßf�¦æ�ÿ þ2æ���ß³ú�� � �F�  �rþ2å ÿ&��ÿ'���³ß N è"è�è z*ò�éEð³ô�éÄ÷Zí�îïóIð#ôgóIð¢5¹ó�õ�ídg"éIò øgè ð�ñEîUð ø�ø ò�îUð�ñ Ú*Û���±Z���FV�U��F�>TGÚ�W
,�å<äÛ�Ü¿ÝEá³ß

à ÜÄÝ�âY .ß�� � ,���� � �  ���¼ã"ßM� � ��þ�ý  �¿ý2ÿ&��æ¿ß 5¹í�ò�ë�÷Zíïë*ò ø 7 x�ø ô�î ñEð ß\ú���æ��¿ý2ÿ'��æ�(Èm  å å�Ú% ����¿åçæ 1��%� �I�så ÿ��>þZÚ%@oæ 1
WIæ���þ2æ�äFÚ¹Û�ÜXTEÜ�ß

�FV


