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�í�Ð&h���� �¦&ñ
&h� ìøÍ4�¤(fixpoint iterations) ·ú��¦o�7£§

áÔ�ÐÕªÏþ� C_� ì�r$3��Ér

Tabulate(F̂ , C)

_� >�íß�

i-���P: ìøÍ4�¤�Ér F̂ i
C(⊥D̂, · · · ,⊥D̂)\�¦ >�íß�

~½Ó&ñ
d���̀¦ [jÄº�¦ ÉÒ��H ��s	כ ���Ð e��t�·ú§�¦ áÔ�ÐÕªÏþ� ÂÒ¾¡§

Ck_� ~½Ó&ñ
d�� �̧�Ér¼#� >�íß�s� F̂ (λx.T (x)) Ck\�¦  ñØ�¦���H

�Ü¼�Ð	כ

D̂_� Z�}s��� Ä»ô�Ç������, Ä»ô�Ç��� ìøÍ4�¤Ü¼�Ð "3�ÆÒ>� �)a��.

_�s��̂¦ T�� ì�r$3����õ�(~½Ó&ñ
d��_� K�)�� �)a��.
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Tabulate(F̂ : (Code → D̂) → (Code → D̂), C : Code)

T, T ′ : C → D̂;
begin

∀Ci of C : T (Ci) := T ′(Ci) := ⊥D̂;
repeat

T ′ := T ;

∀Ci of C : T (Ci) := F̂ (λx.T (x)) Ci;
until T v T ′ (* no more increase *)

end

Figure: �í�Ð&h���� áÔ�ÐÕªÏþ� ì�r$3� ·ú��¦o�7£§
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·ú��¦o�7£§_� 4�¤ú̧��̧

~½Ó&ñ
d��_� Ì�	Ãº(ì�r$3�½+É áÔ�ÐÕªÏþ�_� ÂÒ¾¡§ Ãº, áÔ�ÐÕªÏþ�_� ß¼l�)��
Ns����¦ ����, B� ìøÍ4�¤���� ×¼��H þj@/ r�çß��Ér

N ×O(F̂) + N ×O(v)

s��¦, ìøÍ4�¤_� þj@/ S��Ãº��H D̂_� Z�}s��� �)a��.
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D̂_� Z�}s��� Áºô�Ç�~����, Ä»ô�Ç��8���̧ À1Ïo� ·ú��¦o�7£§s�
=åQ��>� ��9���, ÕªaË> 2_� ·ú��¦o�7£§�̀¦ ��6 x.

»¡¤t�ZO�(widening operator) 5�̀¦ +�"f îß����ô�Ç ~½Ó&ñ
d��_� K�\�¦
���5Åqy� >�íß���¦, a%vy�l�(narrowing operator) 4�Ð Õª
���õ�\�¦ ��1pu>� �)a��.
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Tabulate45(F̂ : (Code → D̂) → (Code → D̂), C : Code)

T, T ′ : C → D̂;

d : D̂;
begin

∀Ci of C : T (Ci) := T ′(Ci) := ⊥D̂;
repeat

T ′ := T ;
∀Ci of C :

d := F̂ (λx.T (x)) Ci;
if d 6v T ′(Ci) then T (Ci) := T ′(Ci)5 d

until T v T ′ (* no more increase *)
repeat

T ′ := T ;

∀Ci of C : T (Ci) := T ′(Ci)4 F̂ (λx.T (x)) Ci;
until T ′ v T (* no more decrease *)

end

Figure: �í�Ð&h���� áÔ�ÐÕªÏþ� ì�r$3� ·ú��¦o�7£§: »¡¤t�ZO�õ�
a%vy�l�

Prof. Kwangkeun Yi SNU 4541.664A Program Analysis Spring 2005 Note 12



�¹���K�$3כ ½̈�&³ ·ú��¦o�7£§
�í�Ð&h���� �¦&ñ
&h� ìøÍ4�¤(fixpoint iterations) ·ú��¦o�7£§
½+É{9�ëß� ���H �¦&ñ
&h� >�íß� ·ú��¦o�7£§(worklist algorithm)
��p_���¹כ /BNçß� D̂s� �<ÊÃº/BNçß�{9� �â
Äº

0A_� ·ú��¦o�7£§[þts� �í�Ð&h���� s�Ä»:

Ô�¦�9¹כ�ô�Ç >�íß�s� ú́§��; B� ìøÍ4�¤���� �̧��H ~½Ó&ñ
d��_�
�̧�ÉrAá¤�̀¦ ��r� >�íß�:

∀Ci ∈ C : T (Ci) := F̂ (λx.T (x)) Ci
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½+É{9�ëß� ���H �¦&ñ
&h� >�íß� ·ú��¦o�7£§(worklist algorithm)

7á§�8 ò́Ö�¦&h�s�l� 0AK�"f��H, B� ìøÍ4�¤���� ��r� >�íß�½+É
��¹כ��9 e����H ~½Ó&ñ
d��ëß� ��r� >�íß����� �)a��.

��r� >�íß�½+É ��¹כ��9 e����H ~½Ó&ñ
d���Ér s���� ìøÍ4�¤\�"f ����o��

{9�#Qèß� T (Ci)\� %ò
�¾Ó~ÃÎ�̀¦ Ãº e����H ~½Ó&ñ
d��[þt ëß�s���.

s�XO�>� ½+É{9�ëß��l� ~½Ód��Ü¼�Ð ·ú��¦o�7£§(worklist algorithm)�̀¦ &ñ

_����� ÕªaË> 4õ� °ú ��.
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W : 2Code (* worklist *)
w : Code

f(c : Code) : D̂
begin

record that evaluation of w requires that of c;
W := Add(W, c);
return T (c)

end

Figure: ½+É{9�ëß� �l� ~½Ód��_� áÔ�ÐÕªÏþ� ì�r$3� ·ú��¦o�7£§
(1/2)(worklist algorithm)
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Tabulate(F̂ : (Code → D̂) → (Code → D̂), C : Code)

TX : Pgm → X̂; TY : Pgm → Ŷ ; y : Ŷ ;
begin

∀Ci of C : T (Ci) := T ′(Ci) := ⊥D̂;
W := {Ci | Ci ∈ C}
repeat

w := Select(W )

y := F̂ f w
if y 6v TY (w) then

TY (w) := y
∀w′ whose evaluation needs that of w :

W := Add(W, w′)
until W = {}

end

Figure: ½+É{9�ëß� �l� ~½Ód��_� áÔ�ÐÕªÏþ� ì�r$3� ·ú��¦o�7£§
(2/2)(worklist algorithm)
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��p_���¹כ /BNçß� D̂s� �<ÊÃº/BNçß�{9� �â
Äº

_�p�\�¦ ���&ñ
���H �<ÊÃº F̂��H @/>�

F̂ ∈ (Code → Â → B̂) → (Code → Â → B̂)

_� g1J

~½Ó&ñ
d��_� F�½̈$í
 (éß�Ãº\�¦ ±ú�ÆÒ#Q) X̂0
...

X̂n

 = F̂C

 X̂0
...

X̂n


�Ð����H, (

X̂↓
0 , · · · , X̂↓

n

X̂↑
0 , · · · , X̂↑

n

)
= ĜC

(
X̂↓

0 , · · · , X̂↓
n

X̂↑
0 , · · · , X̂↑

n

)
\�¦ ó�r��.
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f (c : Code) (a : Â) : B̂
begin

TX(c) := TX(c) t a;
return TY (c)

end

Tabulate(F̂ : (Code → Â → B̂) → Code → Â → B̂, C : Code, a : Â)

TA, T ′A : Code → Â;

TB , T ′B : Code → B̂;
begin

∀Ci of C : TA(Ci) := ⊥Â, TB(Ci) := ⊥B̂ ;
TA(C) = a;
repeat

〈T ′A, T ′B〉 = 〈TA, TB〉;
∀Ci ∈ C : TB(Ci) := F̂ f Ci (TA(Ci));

until (TA v T ′A) ∧ (TB v T ′B)
end

Figure: �í�Ð&h���� áÔ�ÐÕªÏþ� ì�r$3� ·ú��¦o�7£§: áÔ�ÐÕªÏþ�
_�p�(∈ Â → B̂)�� {9�Ø�¦§4� �<ÊÃº{9� M:
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W : 2Code

w : Code

f (c : Code) (a : Â) : B̂
begin

record that evaluation of w requires that of c;
if (x 6v TA(c)) then

TA(c) := TA(c) t a;
W := Add(W, c);

return TB(c)
end

Figure: ½+É{9�ëß� �l� ~½Ód��_� áÔ�ÐÕªÏþ� ì�r$3� ·ú��¦o�7£§(worklist
algorithm): áÔ�ÐÕªÏþ� _�p�(∈ Â → B̂)�� {9�Ø�¦§4� �<ÊÃº{9� M: (1/2)
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Tabulate(F̂ : (Code → Â → B̂) → (Code → Â → B̂), C : Code, â : Â)

TA : C → Â; TB : C → B̂; y : B̂;
begin

∀Ci ∈ C : TA(Ci) := ⊥Â, TB(Ci) := ⊥B̂ ;
TA(C) := â;
W := {Ci | Ci ∈ C}
repeat

w := Select(W )

y := F̂ f w TA(w)
if y 6v TB(w) then

TB(w) := y
∀w′ whose evaluation needs that of w :

W := Add(W, w′)
until W = {}

end

Figure: ½+É{9�ëß� �l� ~½Ód��_� áÔ�ÐÕªÏþ� ì�r$3� ·ú��¦o�7£§(worklist
algorithm): áÔ�ÐÕªÏþ� _�p�(∈ Â → B̂)�� {9�Ø�¦§4� �<ÊÃº{9� M: (2/2)

Prof. Kwangkeun Yi SNU 4541.664A Program Analysis Spring 2005 Note 12


	¿ä¾àÇØ¼® ±¸Çö ¾Ë°í¸®Áò
	ÃÊº¸ÀûÀÎ °íÁ¤Á¡ ¹Ýº¹(fixpoint iterations) ¾Ë°í¸®Áò
	ÇÒÀÏ¸¸ ÇÏ´Â °íÁ¤Á¡ °è»ê ¾Ë°í¸®Áò(worklist algorithm)
	¿ä¾àÀÇ¹Ì °ø°£ ÀÌ ÇÔ¼ö°ø°£ÀÏ °æ¿ì


