
SNU 4541.664A Program Analysis

Spring 2005

Exam I

May 6, 18:00-21:00

Problem 1 [10pts] ��6£§ |9�½+Ë�̀¦ )
±ú�&h�Ü¼�Ð &ñ
_�
���.

1. (3pts) s����Ãº_� |9�½+Ë.

2. (7pts) ��Ö�¦ 2���Ãº N\� 1�̀¦ �8ô�Ç ��Ö�¦ 2���Ãº\�¦ Ms����¦ 
����, Õª��� �'a>�
�©� (N,M)[þt_� |9�½+Ë.

��Ö�¦ 2���Ãº��H ��6£§õ� °ú s� &ñ
_��)a��:

N → d

| d N

d → 0 | - | +

{9�ìøÍ&h�Ü¼�Ð “��Ö�¦ k���Ãº”��H d0 · · · dns��¦Z�s�Û¼�� ∀di ∈ {1−k, · · · , 0}∪
{0, · · · , k− 1}s� 9 “d0 · · · dn”�Érß¼l��� d0×k0 + · · ·+dn×kn ���&ñ
Ãº\�¦

>pwô�Ç��.\V\�¦[þt#Q,��Ö�¦ 2���Ãº��HZ�s�Û¼�� {−1, 0, 1}s�÷&�¦, 0s� 0�̀¦, +��
1�̀¦ -�� −1�̀¦ ³ð�&³ô�Ç���¦ 
����, + ��H 1�̀¦, +0+��H 5\�¦, +-��H −1�̀¦, +-0-��H
−9��� &ñ
Ãº\�¦ >pwô�Ç��.

Problem 2 [5pts] �¦&ñ
&h� )
±ú�ZO�(fixpoint induction) 7£x"î
s� Áº%Á	�����? Õª ô�Ç
>���H Áº%Á	�����?

Problem 3 [5pts] Consider, for a set A, a continuous function

f ∈ 2A → 2A.

The partial order in 2A is the subset order. That is, the least upper bound is
the set union. Prove that

lfpλx.c ∪ f(x) =
⋃

i≥0

f i(c).

Problem 4 [10pts]&ñ
Ãº|9�½+Ë�ÉrÕª|9�½+Ë_�þj�è,þj@/_��©�Ü¼�Ð¹�����0כpx
���.

2Z

−→←−α

γ
Â = {⊥} ∪ {[a, b] | a, b ∈ Z ∪ {−∞,∞}, a ≤ b}
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1. (5pts) 2Zü< Â\�"f "é¶�è[þt ��s�_� í�H"f(v)\�¦ &ñ
_�
���.

2. (5pts) °ú��Ð�� ������ αü< γ\�¦ &ñ
_�
��¦ �= °ú��Ð�� ���������t� �Ðs���.

Problem 5 [20pts] 0A_� ���¹כ /BNçß� Â \� @/K�"f

1. (10pts) ��6£§_� 5 ���íß���\�¦ »¡¤t�ZO�(widening)Ü¼�Ð ��6 x½+É Ãº e����H��? ��
ÂÒ s�Ä»\�¦ »¡¤t�ZO�_� �̧|	�\� ú́�ÆÒ#Q �7H
���.

⊥5X = X

X 5⊥ = X

[a, b]5 [a′, b′] = [(min(a, a′)<10 ? −∞ : min(a, a′)), (max(b, b′)>20 ? ∞ : max(b, b′))]

2. (10pts)��6£§_� 4���íß���\�¦a%vy�l�(narrowing)�Ð��6 x½+ÉÃºe����H��?��ÂÒ
s�Ä»\�¦ a%vy�l�_� �̧|	�\� ú́�ÆÒ#Q �7H
���.

⊥4X = X

X 4⊥ = X

[a, b]4 [a′, b′] = [(min(a, a′)<10 ? a′ : a), (max(b, b′)>20 ? b′ : b)]

Problem 6 [10pts] D��H CPO, f : D → D��H ���5Åq�<ÊÃº, D̂��H Dü< °ú��Ð�� ������

D −→←−α

γ
D̂ �)a ���¹כ /BNçß�s���. α ◦ f v ĝ ◦ α \�¦ ëß�7á¤
���H ĝ : D̂ → D̂×�æ\�"f ]j{9�

����Ér ��Ér	כ α ◦ f ◦ γe���̀¦ �Ð#���.
7£¤, ¿º��t�\�¦ �Ð�����:

1. (5pts) α ◦ f v (α ◦ f ◦ γ) ◦ α s���.

2. (5pts) α ◦ f v ĝ ◦ α��� e��_�_� ĝ�Ér α ◦ f ◦ γ v ĝ s���.

Problem 7 [40 pts] ��6£§_� "î
§î
+þA ���#Q\�¦ Òqty��
���:

e ::= n integer
| x variable
| e + e

| −e

c ::= x := e assignment
| c ; c sequence
| repeat c until x repetition

“repeat c until x”��H ���Ãº x�� �ª�Ãº�� |̈c M: ��t� c\�¦ ìøÍ4�¤ô�Ç��.
ì�r$3�_� 3lq³ð��H ���Ãº�� ��t���H &ñ
Ãº�� f.ËÃº ���t� ���Ãº���t�\�¦ ì�r$3�
���H ��s	כ

���¦ 
���.
áÔ�ÐÕªÏþ� c_� _�p���H (lfpF )c�Ð &ñ
_�÷&�¦

F ∈ (Cmd → Mem → Mem)→ (Cmd → Mem → Mem)

Mem = Var
fin

→ Val

Val = 2Z
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a(����¹כ _�p���H (lfpF̂ )c�Ð &ñ
_��)a��

F̂ ∈ (Cmd → ˆMem → ˆMem)→ (Cmd → ˆMem → ˆMem)
ˆMem = Var

fin

→ V̂al

V̂al = {⊥,>, e, o}

m̂1 v m̂2

def

= ∀x ∈ dom(m̂1) ∪ dom(m̂2) : m̂1 x v m̂2 x

∀x 6∈ dom(m̂) : m̂ x
def

= ⊥
Ẑ

1. (3pts) °ú��Ð�� ������

Val −→←−α

γ
V̂al

�̀¦ &ñ
_�
���. (°ú��Ð�� ������e���̀¦ �Ð{9��9¹כ���H \O�5pu)

2. (5pts) °ú��Ðîß� ������

(Cmd → Mem → Mem) −→←−α

γ
(Cmd → ˆMem → ˆMem)

�̀¦&ñ
_�
���. Cmd��H CPO:í�H"f\O���HáÔ�ÐÕªÏþ�[þt�Ð ½̈$í
�)a|9�½+Ës��¦ ⊥s�
e�����¦ 
���. (°ú��Ð�� ������e���̀¦ �Ð{9��9¹כ���H \O�5pu)

3. (7pts) Fü< F̂\�¦ &ñ
_�
���.

4. (10pts) lfpF̂�� lfpF_� îß����ô�Ç ¦¹���e���̀כ �Ð#���.

5. (10pts) ÅÒ#Q��� áÔ�ÐÕªÏþ� c\� @/K�"f �¹���K�$3כ ~½Ó&ñ
d��s� �̧Ø�¦÷&��H õ�&ñ
�̀¦

[O�"î

��¦, ��6£§_� áÔ�ÐÕªÏþ�\� @/K�"f �̧Ø�¦�)a ~½Ó&ñ
d���̀¦ æ¼��:

x = -10;

y = x;

repeat

x = x+1;

y = y+3

until y

6. (5pts) 0A\�"f �̧Ø�¦�)a ~½Ó&ñ
d��[þt_� K�\�¦ ¹1Ô������H õ�&ñ
�̀¦ �Ðs���.
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