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Intraprocedural Alias Analysis for  Pointer  Array

HUANG Bo ZANG Bin-yu YU Yi-jun ZHU Chuan-qi

(Institute of Parallel Processing Fudan University Shanghai 200433)

Abstract Pointer alias analysis plays an important role in the parallelizing optimization of C 
program, however, all the previous analyzing algorithm can only be used to analyze the pointer scalars. In 
this paper, an extended representation for point-to information is presented, which can represent not only the 
point-to information of pointer scalars, but also the point-to information of pointer arrays. Furthermore, an 
algorithm of intraprocedural alias analysis for pointer array is presented. This algorithm comprises both the 
pointer scalar analysis and pointer array analysis. It can be used to efficiently solve some problems which 
couldn't be solved by the previous algorithm.

Key words Pointer alias analysis, pointer array, intraprocedural analysis, parallelizing optimization.

` ¥NÂkc 10Ãkj , eUg�h�i�Ä�Åqc ÆYÇ�È�Éq��Ê�Ë ·NÌ
. Í ¨nÎ c �UÏ�ÐNÑ ÆNÒ��¦�NÓ�Ô�Õkc¦e�g

hNiNÖ�× , Ø�jsÙ�ÚUÛ ��Ü c¦Ö�×�m�ÝNÞUßNË � c SUIF
à
1 á�â�ã�äUå�ã Ë � c Polaris

à
2 áçæ=è�é Ë� c AFT

à
3 áëê . ìUí �NîNï�ð � c¦ñ��UòYÖU×�óUô ��õ�ö��µ÷{ø ®wùng FORTRAN

§Nú c¦eUg�hNivüû�ý�þYÿ , ����ÆYÇdc ��������	�
�� ®wùng C
§�ú c¦e�gNhNi . � FORTRAN �� ,CaYb�� `����

FORTRAN
° �NÚUmqcsa �����

, � ����ZU[ c���� â ¨ ��c��� ^�! â�"$#&% � c�'�� ê . ( ³�) \
²�* ��® C

§�ú c¦eUg�hNi,+�-��U® FORTRAN
§�ú c¦e�gNhNiNm�.�/qc¦�10 , 2 ��3�4 ý�( ³�) \ c

� `
,
` Q * c §�5 ��6�7�¡�8k� C

§Nú e�gNhNikc�9 5 .:f§�ú,;�< � `NZU[��Uõ�= Õ�> Ï � `�? ¥ T�@ r,A ��B�· gqc¦¥ § '��DC , E�F�>�E�Fµ� �kc��G�B�H � y Û � 0 Q ¨ ��r,A , (DC ø�I�J�K ( ³ Û � 0 Q ¨ ��r,Akc ��G�B�L$M{\N]
.
4 ý Z�[N�

õ�= ÕkcN� ` 2�O�P�c \N]�K�M{ZU[�\�]
,
ZU[N\N] cN� `,3

CaYbdc¦ÔNÕ �&Q�R Q
.
: ®�S Q Z�[N\]U�=� � ÷ £qc�C�T ,

° mkc ��õ�U�^N_ ò,�V ÜN^�_Nö +�W$X���Y�Z=cN[�\ , ]�^,_ ¤NZU[�Z��ü° m` ~
, ( � ^$_�+�-�a ^N_ cs¢N£ Ü$b�c Ê�Ëqced&f{e�g�h��Ne�gNhNiqc¦¸,iUËNË1jNk .

M ��l�m Z�[
\�] c�� ` ®�e�g ^�_ �Ne�g `,n c�d�f , ¡�o ZU[�\�] c ^�_�3$p È��N¡U¢N£qc Z�[N\�]��=� â �q ��õ�U�^N_ �Ne�g�h�iN¸$idc¦mN¸�r,s . Í ¨nÎ e�g�h�ikcsÆYÇ Ïut �q��¥ � � V�ý Z�[N\�]N^�_
c ��� à

4 v 11 á . u 3 , w�x M�ykø¦° mkc ZU[N\N]�^N_�����ö�xYy ® ZU[�}U~N· g \N]�^�_
,
:�z�{ZU[N��� C , vnmqc ����H 6 y�M�| � , �U®�ý�} < (�F §�ú$~

:

int (*FunctionPointer ��� )()={ Function-1,Function-2,...,Function-N} ;
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: �s¯���� FunctionPointer � i � () c�'�� , e�� i c�������£ * C ,
4 ýµvnmqc ZU[�\�]�^N_��N� � y È

É FunctionPointer c Z��n�=�
,
`N^N_ C H � y £ * Ú ï '���c 3�� F % � , ì�2 ` Ø�� ��õ�U�^N_

(
�

\�3 ¥ §
	 ^�_
) C +�W�X���Y Z=cN[�\ �N�

, (�+�-,d&f ^�_ c�¢�£ Ü
.
M�¤

, �����q�N� QU�� c Z
[N\�]��=� c �N�N�

. ��� Z�[ c��
�N� °NZ � } c���������ý ZU[N\N]U�@� ¨
,
y����N�NZU[N��� c\�]U�@�

.
` ( � ����� cs����� , �N�U����� Z�[N��� c�¥ §w¨ \N]�^N_U©N�

,
· 2�� ZU[N\N]�^�_

ì ZU[�}U~���� { Z�[N���
,
y�M

C
§Nú c¦eUg ^�_ ��eUg `,n ����� M ¢N£qc Z�[N\�]��=�

.
�N��� 1������ �!�"$#�%�&�'�(�)+*�,�-�.$#�/�0�1�2�3�465�7�%�&�'�(�)8*+#�9�:�%<;=,�-

. . > 2���� �?�@BA=%�&�C�D�'�(�E�F$#�/+G�H�I . > 3���� �46J�K�L C@�M
N�#6O�7�PQ�R�S�%�&
C�D�'�(�E�F$#�T�. . > 4��U 3V�W�X�Y6Z
4�G�[�\�2�]�.�#6^�U . > 5��_`�a .
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1.1� bc$d�e�fg�h #�%�&�'�(�)8*i,�-�.�j�k�7 : '�(�L (alias�pair) ,�-�.
l
4,5 mon %<; (point-to) ,�-�.

l
6 p

10 m . '�(�L�,�-�.�_�q�rst'�($#�,�u�v�U�5�V8w�x�D�y�,�- . z={�|�7�,�-�.�}�~8�t���
#�)+*i���� )8*i����� , ��y�����U
4�%�;�,�-�. , ��U�z�5�V�%�&�������|�V�%�&�����\�%�;�#<�o�8������ #�w�x�Dt,�-�'�(�)8* ,Maryam�Emami ����9�:$4�%�;�,�-�. , �w�x�D�#�/�0�1�����4�5�V����
%<;=���8�i%<;=�� (D � P), ���� �¡�'�(�)+*��t¢�£�¤���¥�,�-��� �U

l
10 m . ¦�§�¨�5�%�&�����%

;�#<�o��_�C�D+© , ªiy�#�%�;�,�-�.�«¬tq��V�C�D8§�®�5�V��¯�y�°�± , «�¬�²+³�E�C�D�#�´�xµ
, ¶tq$·�´�x µ�¸ #�¹�º�C�D�x µ § � 5�V��¯ . ��y , »�¼�½���¾$# Robert�P.�Wilson����U�5�V�¿�ÀÁ
(location�set) y�,�-�%�&�\�%<;i#<�o� , £�¤���¥�,�-�4�%�&�%<;�#tÂ�Ã ( ¿�À Á _�5�V�Ä�x�D

(b,f,s),b _<A�Å�Æ
#�(�Ç ,f _�� b A�#�È�É ,s _�Ê�Ë ,(b,f,s) ��Ì�{t¿�À Á�Í { f+i×s|i Î Z} )
l
9 m . Ï 1U�5�VÐ�Ñ #�W�X�y�ÒÔÓÕ|�Ö�%�&�'�(�)+*�,�-�.$#�³�' ( ��×�W
N , Ø�Ù S1

Ú #6'�(�)8*�s�Û , �C�Ü 2Ç
� ).�**

Ï 1 Ý�7�%�&�'�(�)+*�,�-�.$#8Þ�ß

¦�_ , 1�Z�|�Ö�%�&�'�(�)8*+#�,�-�T�.�à�á��,�-�%�&�C�D�#�'�(�)8* , â6ã���L C@�M�¶�S�äå #�?�@�N6æ8çt%�&�C�D+©�è�é���ê�ë�ì#�í�î , |�è�ï�ðñ8òi¶tS�ä å #�ó�ô . s+4�,�-�%�&�C�D�#
'�(�)+* , è�é���U�5�7�õ$#6%�&�'�(�)+*8#�,�-�. .

1.2� ö÷�øBù=úû�ü
G�[���U�5�7�9�:$#6%<;=,�-�.�y�,�-�%�&�'�(�)8* , |�7�,�-�.�ý�j�J�×�#6þ�v :ÿ

p,t,c,PR,TR). ¹�N p ,�-�%�&�����(�����%�&�C�D�( ;t ,�- p \�%$#�� ������(���� � ��C�D�( ;c ,�-
%�&�#6%<;Õ"���_�����%�;���_��8�i%<; , ê��+s D � P,D ,�-�����%<; ,P,�-��+��%<; , �t©���	 P �
D 
���#� Í ]�X�� , ��ý�j�J�×���� :D � D=D,D � P=P,P � D=P,P � P=P.PR � TR #���	�J�× : § p _�C
D�(�© ,PR,�- p \����
#�C�D�x µ #�Â�Ã , ¹�º�����× ,PR= ; § t _�C�D�(����������
#65���Æ��� 
A�Å�³"!�( ( ���#�$�
#8A�Å$³%!�#�&�(�'�( h ×�[ ) © ,TR,�- t \�����#�C�D�x µ �����)�$�
#8A�Å
³*!�A x µ #6Â
Ã ; ¹�º�����× ,TR= .

PR � TR �,+=,�-8s { (Si,Ii,Ei)|1 - i - n} . ��Ä�x�D (Si,Ii,Ei) N ,Si ,�-+³%!�#�.0/�¿�À ,Ei ,�-+³%!�#132 ¿�À ,Ii ,�-�³%!�4���#�Ê�Ë , 5�6�à�_��C ,
� + Ç��+s�î�] Ñ ¿ . 7�8�_�Ò:9 Á�Í PR � TR #6x µ

G0;37�_ Á�Í , � � O�x µ Á�Í 
���á�!�< . â�ã=9 PR � PR 
>��� TR � TR 
>��#�?�]è�é���@�5�6�OA #6x µ Á�Í 
>��#�?�] .
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Ù�¨�5�C�D�x µ \BÜ�#�Ç���Cs ES, Ä�x�D (S,I,E) \�,�-�#t³"!�798�1�!+§�{�J�×�#�Ç�� Á ( ¹�N
B ,�-�C�D�´�¥�: ):

{ B+S,B+S+1,...,B+S+ES-1;B+S+I,B+S+I+1,...,
B+S+I+ES-1;...,B+E-ES+1,...,B+E-1,B+E}

;�<
1.� Ù R s PR � TR, (�C�D$#�> 1V�x µ R0��,�-s { (0,ES,ES-1)} , > i+1(i = 0) V�x µ Ri ��,�-8s

{ (i*ES,ES,(i+1)*ES-1)} .;�>
1.� U��	 1 N�#�,�-�.�,�- Ri � Rj,j = i, ( Ri ? Rj={ (i*ES,(j-i)*ES,(j+1)*ES-1)}

ÿ+@ Ó��BADC .E�F
1.� G in-in-1=in-1-in-2=...=i1-i0, ( Ri0 ? Ri1 ? ... ? Rin={ (i0*ES,(i1-i0)*ES,(in+1)*ES-1)} .E�F
2.� L{�C�D A H n I , �V�C�D8³%! R0 ? R1 ? ... ? Rn-1��,�-s { (0,ES,n*ES-1)} .

1�Z�#6��J n�K�L ��R�S�C�D�Â�Ãi³*!�# Í ¶NM�®$© , ��O���@�P�1�}�ð Ð å atô�Â
Ãi³%!$#�,
- . ;�<

2.� Ù R=(S,I,E),R Q =(S Q ,I Q ,E Q ),R R R Q = § ��S §�L�T�{ R #VU�W�X�³%!
X T�{ R Q�#YU�W�X�³%! ,Zj

, 1 _tL�5�Ö�%�&�[���P�Q ( %�&�[���P�Q�#Y\�]�}���> 3.1����	 ) #�%�&�'�(�)8*8#�,�- ( s Ðå�^ Z , C�D�´�¥�:�Ø�Ùs 0).

ú 1 5�Ö�%�&�[���P�Q�#�%�&�'�(�)8*8#�,�-
P�Q %�&�'�(�)8*

int�a,*p;p=&a { (p,a,D, , )}

void�q();void(*f)();f=q; { (f,q,D, , )}

int*p H 10 I ,a;p H 0 I =&a; { (p,a,D,PR0, )} , ¹�N PR0={ (0,4,3)}

int�a H 100 I ,b,*q;�
if�(a H 0 I�= b)

q=&b;
else�q=a;

{ (q,b,P, , ),
(q,a,P, ,TR0)}

¹
N TR0={ (0,2,1)}

struct�STTYPE{ int�a,b;float�f H N I ;} S;
float*p;p=&s.f H 10 I ;

{ (p,s.f,D, ,TRf10)}

¹
N TRf10={ (40,4,43)}

int*p H 10 I ,q H N I ;�P H 0 I =q+i;
{ (p,q,D,PR0,TRi)}

¹
N PR0={ (0,4,3)} ,TRi={ (2i,2,2i+1)}

C@�M
N6á���_�`�¥�Å���A=Å�#�������� , è�éNa�?�&�(�#�T�v�L�|�Ö������$�
#8A�Å$³%!�R�S
��b , c�����%�&�'�(�)8*�d�,ÔÓfetÖ�%�&�%<; 5�6 . ��|�d���U�5�7 Ð�Ñ #�&�(�T�. , ��U����)���
A�Å�PQ�\��
#�[ � (���ã�PQ�\��
#�S�g X�h�i�j�k ��� ( J�ô�ã����)���BA�Å�P�Q�� h�i ¯<A ) y
��b . 7D861 , lnmpo�qNr�s�tvu9wyxDzf{N|�}�~�q�������� , �������������vuY���������N�����N��N� mponuBw�xDz�{���}�~Nq������ .

2���������������

��� wfuY�N������������ �¡ ��¢��N� w�uV£�¤N¥�¦�§B¨f����������� , ©�ª�«�¬Y� �N� ¬n¯®
uY�N������°B± . ��²�³�¤�´�µ ����¶ ��¥�¦ ¢ �N�����N°B±9u�·B¸ , ¹Dº¼»��¼½ ��� «�¾��������N°
±� N¿�À�Ávu , ÂNÃ Ä 5,6,9 Å 11 Æ ¢�Ç ���vÈ�É�Êvu�ËBÌ . ¤�È �N� wÍ�N����������u�Î�Ï , Ð���Ñ��
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7�8 u �N�:9 ����;�<���=?>����N����������@�ACB ���D9 ����» . EGF?H�Â�Iv¬�u¼�N�����N°9±BuJ�K�LNM�O ¿�P�Q J�K �N��}�~Du¼����°B± , R O ���N��S?T����N°9±Bu J�K�U�V�WYX , Z Ç �\[�Â�]^ uY����}�~ �N� w��������vu�Î�Ï�¹9º�»��f�¼���vÈ¼�N��}�~�_N����S�TvuY������� . ��`��ba�c
»?dv�¼����S?T� N����}�~�uYq?e�fCg , [�ÂN£�h?inuY����}�~�uY����������j�k�»�l?m�n�ovÈ¼�N�
S?Tvu¼������� .

��] ^ �N��}�~ �N� w��������vuqpr[�Î�Ï�H , s�] ^�t e�p�[?j�k .¢ F�u�vDu ��w�x�y�z:{ CFG | ��w w�u~}�q�¥�¦ S, v�c A-IN(S)� ��B���¥�¦ S uYÊ ���Hvu¼�N�
���N°9±�� (AliasSet);A-OUT(S) �?���f¥�¦ S u�¬v���ªvuY�N������°B±�� ;PRED(S) � x�y�z:{?X S u
£�¤?Hb�N¥�¦N£����vu���� . ¤�È¼»�i�v�c�|�»�q���£�] ^ uY�������N°B±9u J�K�L , ����}�~Du ���
w����������:�������vuVÎ�Ï�� J�K :

for�each�statement�S�in�the�procedure{

A-IN(S)= ;

A-OUT(S)=StmtAnalysis(S, ,CFG);
}
do{

Changed=FALSE;
for�each�Statement�S�in�depth�first�order{

OldA-IN(S)=A-IN(S);

if�(OldA-IN(S) � A-IN(S))�{
Changed=TRUE;
A-OUT(S)=StmtAnalysis(S,A-IN(S),CFG);

}
}

}while Changed
���Í»vuY�N��}�~ ��� wÍ��������uqpN[NÎ�Ï X , �¼} StmtAnalysis l�� ¢ ¥�¦ S wÍ�N��}�~�_N�

��S?T�����°B±Bu¼��� , �vu\�?��¹?������� 3 ��] ^ .Merge ¹?�vu¼  ¢ �N�����N°9±Bu���� , �:���
�Nª�u¼�N�����N°9±����C�C�¼}�u\�N �¡ ,Merge £�¹��nu~�?��¢������ .£�¤

.� �N�����N°9±Bu\���?¥ L .
AliasSet Merge(AliasSet�AS)
{

for�each�Pointer�variable�p�exists�in�element�of�AS�{
if�((p,x,D,PR1,TR1) ¦ AS�and�(p,y,D,PR2,TR2) ¦ AS�and

((PR1= and�PR2= )�or�PR1 § PR2 � )�and�x � y){

change�(p,x,D,PR1,TR1)�to�(p,x,P,PR1,TR1);

change�(p,y,D,PR2,TR2)�to�(p,y,P,PR2,TR2);

}
if�((p,x,P,PR1,TR1) ¦ AS�and�(p,y,D,PR2,TR2) ¦ AS�and�x � y)

change�(p,y,D,PR2,TR2)�to�(p,y,P,PR2,TR2);

if�((p,x,c1,PR1,TR1) ¦ AS�and�(p,x,c2,PR2,TR2) ¦ AS){

PR=PR1 ¨ PR2;

TR=TR1 ¨ TR2;

delete�(p,x,c1,PR1,TR1)�from�AS;

delete�(p,x,c2,PR2,TR2)�from�AS;

if�(PR== &&�TR== )
c=c1

©
c2;

else
c=P;

AS=AS ¨ {(p,x,c,PR,TR)};
}

}
return�AS;
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}
���N�����N°9±Bu����?¥ L X , ©�ª�qN���������� N���\e����N°9±	��
���q?e����N°B± , �	��

�������N�����N°B±�� X u�����e�} . ��l p �f����}�~ ,p £���u�� S��C�f}�~ , ��� p
X =v�Nu������� uY}�~� n��q�}�~9� , �N�����?� O���� ��q����N��°B±Bu\=��� �! . EGF�¹9º ��wYX �������#"%$&�'

, Z�N����������}�~�uY���������)(�*f�������Du,+ � ¿�- ,
¢�. e�����u�·9¸�/���¿10 .

3������������

3.1� 2�3�4�5�6�7��� wÍ���N£�8�|rBBu ¢ �N�����N°9±Bu	9�:�;�Á��?�����N��<?¡�¥�¦�» . �N��<�¡�¥�¦vu~v�c
��� .=�>

3.� l�<?¡�¥�¦	?�@ J � 8 u%A�B�«?¡DC�Eb���N�	A1B9� ,
Ç <?¡�¥�¦�FC���N��<�¡�¥�¦ .

����<?¡�¥�¦�u,G��1C	E� ���<?¡�¥�¦�?�@�H J uY����:�T ( �N��}�~	I��N��S�T ) £�� � u#� S
(�*�9�: , ������������N°B±	(1*�J	Knu,:�
 .=�>

4.� E��N��<?¡�¥�¦�u,?�@�£�H J u¼�N��:�T�£����vuq����FC�L?M� S?� , N�� L-Target(S); �
��<�¡�¥�¦vu,O�@ J � 8 £�� � u#� S�����FC��OM� S�� , NC� R-Target(S).
?P� S���_�OQ� S�� X u,������R���~ (t,c,R)

J�K
. ��?M� S�� X ,t �f�N��:�T���I��N��}�~N� , ��OM� S�� X ,t �:�V ?}�a�u,:�T�� ( S VN¢��N� mponu9wyxDzf{�u,T�� ).c

J�K
t  � bvU� S�V� �� O

� S , ¾�¡�W�X�¥�!�Y�_?� 1 ���������N°B± J�K X u c Jn� ,R u�o�c�_ J�K W PR I TR J	Z , l t ��}�~
��I ��� mponu9wyxDzf{���� ,R

J�K � S	S�ovu�[]\ ,
W�^ �����b� . _ y A�B�`�a���=�9�:�?P� S

��W�OM� S�� , b ' uY�N��<�¡�¥�¦ X ?P� S��b_	OM� S��nudc�¥ ' J 2( � 1 e X�J � 8 u¼«�¡1C�EC�
�N��:�T�I w�xDz�{vuqQ�f ,IMPOSSIBLE

J�K ����<?¡�¥�¦�=�� O ��� 1 e X u J � 8 �C��?
@ ,offset(f)

J�K { f �1C�� wfu,g�h�T , ��i��C��j�k ,ES
J�K }�~�����£ml�u,i���} ),

JYX)n	o ¬�ud�
���:�Í¡ ��p � Ç?JDX ud�����qv¬,J�Kvu,?P� S���_�OM� S�� .

r
2 �N��<?¡�¥�¦�u,?M� S���_�OQ� S��

�N��<?¡�¥�¦
S u,? stO#uv@ L-Target�(S) R-Target(S)

&a IMPOSSIBLE {(a,D, )}

&a.f IMPOSSIBLE {(a.f,D, )}

&a Ä i Æ IMPOSSIBLE {(a,D,�Ri)}

a(a ���N��S�T ) {(a,D, )} {(x,c,TR)|(a,x,c,PR,TR) ¦ A-IN(S)}

a.f {(a.f,D, )} {(x,c,TR)|(a.f,x,c,PR,TR) ¦ A-IN(S)}

a Ä i Æ
(a  ��N��}�~ )

{(a,D,Ri)} {(x,c,TR)|(a,x,c,PR,TR) ¦ A-IN(S),Ri PR}

*a
(
Ç � a  Nq�ew�x �N��:�T )

{(x,c,TR)|(a,x,c, ,TR) ¦ A-IN(S)}
{(y,c1

©
c2,TR2)|(a,x,c1, ,TR1) ¦ A-IN(S);(x,y,c

IN(S);TR1 PR2}

(*a).f
(a  Nq�� � C��
uY�N� , C�� X¤�q f { , { f
 Nq���� )

{(y,c,TR y )|(a,x,c, ,TR) ¦ A-IN(S);

if�(TR � )/*
Ç � x �fq1C���}�~ */

y=x;TR y ={(S y ,I,E y )|S y =S+Offset(f),
E y =E+Offset(f),(S,I,E) ¦ TR,}

else
y=x.f;TR y = ;

}

{(z,c1
©

c2,TR2)|(a,x,c1, ,TR1) ¦ A-IN(S);

if�(TR1 � )�/*
Ç � x ��q1C���}�~ */

y=x;TR y 1={(S y ,I,E y )|S y =S+Offset(f),

E y =E+Offset(f),(S,I,E) ¦ TR1}

else�y=x.f;TR y 1= ;

(y,z,c2,PR2,TR2) ¦ A-IN(S);TR y 1 PR2}

(*a) Ä i Æ
(a  Nq�� � ���}�~DuY��� )

{(x,c,TR y )|(a,x,c, ,TR) ¦ A-IN(S);

TR y ={(S y ,I,E y )|S y =S+i*ES,
E y =E+i*ES,(S,I,E) ¦ TR}}

{(y,c1
©

c2,TR2)|(a,x,c1, ,TR1) ¦ A-IN(S),

TR y 1={(S y ,I,E y )|S y =S+i*ES,E y =E+i*ES,(

(x,y,c2,PR2,TR2) ¦ A-IN(S),TR y 1 PR2}
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p+N IMPOSSIBLE

{(x,c,TR y )|(p,x,c,PR,TR) ¦ A-IN(S),

TR y ={(S y ,I,E y )|S y =S+N*sizeof(*p),
E y =E+N*sizeof(*p),(S,I,E) ¦ TR}}

NULL IMPOSSIBLE {(NULL,D, )}

malloc(Type) IMPOSSIBLE {(MEM-ALLOC-NAME,D, )}

malloc(Type*N) IMPOSSIBLE {(MEM-ALLOC-NAME,D,R0)}

��» JDX ,MEM-ALLOC-NAME �fq�e�� , ����� �N� m¯o wyx�¥�¦�£��nuYÂ � ���Y����|��
	��
H�:�T ( ��E Ç��N� mpo w�x�¥�¦��
��	�� w ) ��°B±��N �q�e�S��� .

3.2� 2�3�4�5�6�7��)2�3����
�������
u�v ��w�x�y�z:{ CFG �¼����<?¡�¥�¦ S | S Ê �HvuY��������°B±�� A-IN, ����<?¡�¥�¦vuY���

�������?¥ L ��h?i���� :
AliasSet PointerAssignmentAnalysis(AssignStmt�S,AliasSet�A-IN,Graph�CFG)

{�A-KILL={(p,t,c,PR,TR)|(p,D,PR � ) ¦ L-Target(S),(p,t,c,PR,TR) ¦ A-IN};

A-CHANGE={(p,t,D,PR,TR)|(p,P,PR � ) ¦ L-Target(S),(p,t,D,PR,TR) ¦ A-IN};

A-GEN={(p,t,c1
©

c2,PR,TR)|(p,c1,PR) ¦ L-Target(S),(t,c2,TR) ¦ R-Target(S)};

CHANGED-SET=(A-IN � A-CHANGE) ¨ {(p,t,P,PR,TR)|(p,t,D,PR,TR) ¦ A-CHANGE};

return�Merge((CHANGED-SET � A-KILL) ¨ A-GEN))

}

3.3� ����6�7��)2�3�������������
�
C ¥��	S�o�����¥�¦1C�� ,  �!
"
#
$�%'&
(
)�*�+
(
, , -�.�/10
2�%3&�4
57618�%
93:

$<;>=
?<;A@
B 3 C . D
E�F�GIH�J
K
L�M
N�O
P�/1Q�R�S , T
U�VIH�J
-�W�/YX�O ( W�Z
[
\
H�J<;1:
$
H�J<;A=
?
H�J�;A@
B�H�J<]�/3^3G
C ), Q�O
_I`�a�b'/AMIN�c�dIO�P
Q
R
#
$ , E�H�JIK�L�MIN
O
P
Q�R ( efZ'-�.�g
.�h
iI`j/lk�m�n�4ID
#
$o*�+
(
"
#�]1p�q�r</lk�m�n ( sIH�J ) -�t
u , M
N
O
PIv�w'a
x
p�*�+
(
,�/1F�y
k
m�nI-�z3{ ). D�"I#}|~Q
R�] , �I.
M
N��I��H�JI���>E�MIN�O
P
vow�K�L���z , �1�ID�E�[I\
H�J ( �
�
��H�J<; break H�J<; continue H�J
q ) K�L�M
N�O
P�Q
R�S , ��I��� VIH�J���a
�IM
N��
�
H�J , ����a
�
MIN��
��H�J , �IH�J�������/AMIN�O�PIvowI���IH�J��
���</1MIN�O
P
vow3G�� , ���
_I`�M
N��I��H�J</AMIN�c�dIO�P
Q
R
�����
��MIN�O
PIv�w . �IE�Z
:
$�;>=I?<;A@�B 3 C
0�2�%3& , �
�j/1M
N�c�d
"I#}|~O
P
Q�R</������
 I¡�¢I£ ¤ 10 ¥I]
/AQ
R
����¦
§ .

4�����

¨�©�ª�«
¬I #
$�® :
int�a ¤ M ¥ ,*P,*q,i;�
...
p=a;
q=a+1;
i=0;
while�(i ¯ N){

s1: *p=...;

s2: ...=*q;

...
s3: p=p+2;

s4: q=q+2;

i=i+1;
}
...



� ?����������	����
 ��	���������


���������������	���! #"#�!$&% � $&% ���  ���('  #"#%	�(� �#) $ �* $+" �-, � )-.+/(0 � )�.+/�0��� � )�.+/�0�����	� � �	�������	
  1���+2 354��	4 � �4 ���	�

!�"�6�¢I-�798�����/1M
N�O
P�Q
R , D
@�B�:�/<; �= uj] , MIN�O�PIv�w
9 {(p,a,D, ,TR),

(q,a,D, ,TR > )}, ?j] TR={(4i,2,4i+1)},TR > ={(4i+2,2,4i+3)},0 @ i @ N-1. efZ TR A TR > = , �AVID�K
L�¦�B�C
Q�R�S , 576ED�"
E�MIN�O
PIv�wo/GFI` ��� � s1

H
s2 a�I
D�F�y�¦�B9C , JI�
5 6KD�"ML�N

s3 � s4
OGP /A*�Q
¦�B�R ¬I @�B
{�S�T�U'L�@�B .VXW 6�¢9Y�Z<]l-�[�/<\ �]�^ , D�H�J :int�(*FunctionPointer ¤ ¥ )()={Function-1,Function-

2,...,Function-N}; , , _>c
MIN�c�d�/AO
P
vow3� ª :{(FunctionPointer,Function-1,D,PR0, ),�

(FunctionPointer,Function-2,D,PR1, ),...,�(FunctionPointer,Function-N,D,PRN-1, )}, `Ga W
FunctionPointer ¤ i ¥ () /1_
` , U�b i /l��576Ec�d�S , � i=1, D�" FunctionPointer � PR1

e MIN�O
P
vow
k�f�576Ec�d ¬ �'E Function-2 /A_I` , Z��I576Eg�c�h�ikjXl�mMnpo��j/A_I`rq , JI��s�t�Q
RI#�$
576fK�� Function-2 u�"
#�v9w�cIU�x
vow .y ,�z�Q
R ª�{ #
$�| ] .

typed�struct�DataStruct{
KEYWORD�key;
CONTENT�content;
struct�DataStruct*�next;

}DS;
DS*DataBase ¤ N ¥ ,q; int�i;
...
/*Construct�the�data�table*/
i=0;
while�(i ¯ N){
s1: DataBase ¤ i ¥ =q=NULL;

...
while�(...){

...
if�(q==NULL)

s2: DataBase ¤ i ¥ =q=(DS*)malloc(sizeof(DS));

else
s3: q- } next=(DS*)malloc(sizeof(DS));

...
if�(q- } next!=NULL)

s4: q=q- } next;

i++
}

}
...

D�"9Y�¢I-�8
���</AQ
R
5�t
� ª /1M
N�O
P
vow :{(DataBase,NULL,P,PRi, ),�

(DataBase,MEM-ALLOC-s2-i,P,PRi, ),�(q,NULL,P, , ),�(q,MEM-ALLOC-s2-i,P, , ),�(q,MEM-

ALLOC-s3-i,P, , ),�(MEM-ALLOC-s2-i.next,MEM-ALLOC-s3-i,P, , ),�(MEM-ALLOC-s3-i.next,MEM-

ALLOC-s3-i.next,P, , )}(0 @ i @ N-1). efV
5�~ , E�Z����
@�B�/>a�bY@
B = u ,DataBase � q -�M</���9� aI¦�� . D�"�c�d���.
(����
5 6 ��� � : MIN �9� q D
@�B}|Y���
.
{ � ,DataBase D
@�B |~���
.
c�d , �1V , ���
@�B�5 6~{�S�T�UIL�@
B .

J�� « 3
�]�^ 576 © � : 6
¢
-��j�1MIN�c�d�/A"I#}|~O
P�Q
RI���o�>E C #�$�]1M
N �9� �IM

N�c�d</1O�PIvow'.�����K
L�Q
R , JI�
D����
#��������M�GU'L���(�/G��� .

5� !"

6�¢I`��9��n9h�i��AMIN�O
PIv�wo/1M�� k���� , R�M
N �9� �IMIN�c�dIO�PIv�wo/lk��M�9�
D
G P , ���9��c���k����AMIN�O�PIv�w , U'D�V� �¡���¢����1M
N�c�dI"I# |fO
P�Q
R�/£ M6I�����
M
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N�c�d
O
P
vowo/���wI��� , JI��R�MIN�O
PIv�wo/1Q�R�JIM
N ������� W MIN�c�d , ��T��AG  "I#
|fMIN�O
P�Q
R</��
	�:�� . FI` ¬I ����I���7b'SA.��
�9g�c������1MIN�c�d��IMIN �9� /AO
P
vow , J
����������� C #�$�U'L���(</p��� .

� 6
¢����9t W��������� �9 �!<; ��� 
��#"�  ��$ �  
! H ����%�&�'�(�)+*  
!�,.-0/
** ����1
.32
4
5��3A¢�]+687�_�	
c:9 2 ;�<= |Ic:9 4 ;�<= 32 >�?�@A�B sizeo(int*)=(float*)
=4
i�C�[�D E
F= 3 �	�G"IH+J+ (
) J+�K � ����L
M�99U'L
N�OP/Q�R+S  3 ���#TIH+J��h %�U �K � �+��L�Mo9�UIL
N�OP/V�W�X  3 �	� 4 H+J� (�) �K � ����L
M�99U'L
N�O0/Y�Z
[  3 �I\]"IH+J� %�U  (�) J�^._A�K � �+��L�Mo9�UIL���`P/6
¢�D�a�b
��c=d�e
f��g�h 4 ���i\#"G"j3k3l9����U'L���`����'-
i�C�\�>=d.k3l9����UIL���`����'- �
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