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Problem 1 [13 × (4pts, -2pts)] O/X�Ð ²ú����.

1. ì�r$3���¦�����HáÔ�ÐÕªÏþ�_��èÛ¼���#Q\�����"f&ñ

&h� áÔ�ÐÕªÏþ� ì�r$3�s� ¢-a#4�(sound and complete)½+É
Ãº e����.

2. ì�r$3���¦�� ���H áÔ�ÐÕªÏþ�_� $í
|9�\� ����"f &ñ
&h�
áÔ�ÐÕªÏþ� ì�r$3�s� ¢-a#4�(sound and complete)½+É Ãº
e����.

3. ]j@/�Ð ���1lx���H e��_�_� ANSI C áÔ�ÐÕªÏþ�_� z�́'��
×�æ ��0pxô�Ç �̧��H Bj�̧o� �©�I�\�¦ &ñ
SX��>� ³ð�&³���H

~½Ó&ñ
d���Ér &ñ
_�½+É Ãº e����.

4. �&³F�_� |9�½+Ë ]j���d���̀¦ s�6 xô�Ç ì�r$3�(set-based anal-
ysis)[þt�Ér e��_�_� |9�½+Ë ]j���d���̀¦ s�6 x���H ��Ä»��
\O���.

5. ���¹כ K�$3�(abstract interpretation)\�"f ���¹כ /BN

çß�(abstract domain)s� Áºô�Ç �>� &ñ
_�|̈c Ãº e����.

6. �̧4Sq ���7£x(model checking)_� ô�Ç ���&h��Ér Ä»ô�Çô�Ç �̧
4Sq�̀¦ #Qb�G>� ëß�×¼��H t�\� @/ô�Ç ��s�×¼�����s� \O���H

�.���s	כ

7. &ñ
&h� áÔ�ÐÕªÏþ� ì�r$3�s� îß����K��� ô�Ç����H �̧|	��Ér �â

Äº\� ����"f �íl�½+É Ãº �̧ e����.

8. &ñ
&h� áÔ�ÐÕªÏþ� ì�r$3�l�Õüt�̀¦ s�6 xK�"f �èáÔàÔJ?#Q_�
�̧��H �̧ÀÓ\�¦ ��1lxÜ¼�Ð ¹1Ô��H ��Ér	כ ��0px���.

9. îß����ô�ÇáÔ�ÐÕªÏþ�ì�r$3�_�&ñ
SX��̧\�¦Áºô�Çy�7£x��r�~�́
Ãº e����.

10. Ãº\O�r�çß�\� ��ê�r ��+þA ��{9�r�Û¼%7�(polymorphic
type system)�Éréß�í�H��{9�r�Û¼%7�(simple type sys-
tem) �Ð�� ì�r$3�_� &ñ
SX��̧�� Z�}�Ér �.���s	כ

11. ��{9� r�Û¼%7�\� l��íô�Ç áÔ�ÐÕªÏþ� ì�r$3��Ér ÅÒ#Q��� 7£x
"î
½©gË:Ü¼�Ð áÔ�ÐÕªÏþ�\� @/ô�Ç 7£x"î
�̀¦ ëß�[þt#Q ?/��H

�.���s	כ

12. “{n | n ∈ Z, n/2 = 0}”�Ér �̧��H ���Ãº[þt_� |9�½+Ë�̀¦
îß����(sound)��¦ Ä»ô�Ç�>� ¹���ô�Çכ �.���s	כ

13. ��6£§_� )±ú�½©gË:

2
n

n + 1

�Ér �̧��H ���Ãº[þt_� |9�½+Ë�̀¦ ¢-a���(complete)��¦ Ä»ô�Ç
�>� ¹���ô�Çכ �.���s	כ

Problem 2 [12 × (4pts, -4pts)] O/X�Ð ²ú����.

1. ��A�_� áÔ�ÐÕªÏþ��̀¦ ì�r$3���¦�� ô�Ç��.

0
x = 1;

1
y = x+2;

2
x = x+1;

3
y = x+3;

4

ì�r$3� ~½Ó&ñ
d���Ér ��A�ü< °ú ��:

s0 = ⊥
s1 = {α(1)/x}s0

s2 = {s1(x) + 2/y}s1

s3 = {s2(x) + 1/x}s2

s4 = {s3(x) + 3/y}s3

#�l�"f &ñ
_�K��� ½+É ��Ér	כ 2Zõ� °ú��Ð�� ������

2Z
−→←−
α

γ

V̂

�)a V̂ , s_� /BNçß�, {v̂/x}s, +k, s(x)[þts���. ��6£§õ�
°ú s� &ñ
_��)a �â
Äº\�¦ Òqty�����

V̂ = 2Z i.e., α = id

s ∈ V̂ × V̂

s��¦

{a/x}〈v, w〉 = 〈a, w〉
{a/y}〈v, w〉 = 〈v, a〉
〈v, w〉(x) = v
〈v, w〉(y) = w

v + k = {n + k | n ∈ v}

s���. �̀��Ér��?

2. ¢̧ ��6£§õ� °ú s� &ñ
_� ½+É Ãº �̧ e����:

V̂ = 2Z i.e., α = id

s ∈ V̂ × V̂
{a/x}〈v, w〉 = 〈a ∪ v, w〉
{a/y}〈v, w〉 = 〈v, a〉
〈v, w〉(x) = v
〈v, w〉(y) = w

v + k = {n + k | n ∈ v}

�̀��Ér��?

3. ¢̧ ��6£§õ� °ú s� &ñ
_� ½+É Ãº �̧ e����:

V̂ = 2Z i.e., α = id

s ∈ V̂
{a/x}s = a ∪ s
{a/y}s = a ∪ s

s(x) = s
s(y) = s

v + k = {n + k | n ∈ v}

�̀��Ér��?

4. ��6£§_� &ñ
Ãºd�� áÔ�ÐÕªA�bç
 ���#Q\�¦ ���¿	Ü¼�Ð ���H
ì�r$3�l�\�¦ &ñ
_���9�¦ ô�Ç��.

e ::= n (n ∈ Z)
| e +-
| e mod e

1



e mod 0 ��H e_� °úכõ� �©��'a\O�s� e��_�_� �ª�Ãº��÷&�¦,
n+-��H n + 1õ� n− 1×�æ\�"f e��_��Ð ���×þ��)a��.

¦BNçß��̀/���¹כ ëß�×¼��H °ú��Ð�� ������

2Z
−→←−
α

γ

{⊥, 0, > 0, < 0,>}

�̀¦

α∅ = ⊥
α{0} = 0
αX = > 0 if ∀x ∈ X.x > 0
αX = < 0 if ∀x ∈ X.x < 0
αX = > otherwise

�Ð ��¦ îß����ô�Ç +̂-�̀¦ ���©� &ñ
SX��>� &ñ
_�K�"f

⊥ +̂- = ⊥
v +̂- = >

�Ð Ùþ¡��. �̀��Ér��?

5. ¢̧, 0A_� BNçß�\�"f/���¹כ îß����ô�Ç ˆmod\�¦ ���©� &ñ
SX��
>� &ñ
_����� ��A�ü< °ú ��:

⊥ ˆmod ? = ⊥
else ? ˆmod⊥ = ⊥
else ? ˆmod 0 = > 0
else 0 ˆmod ? = 0
else ? ˆmod ? = >

�̀��Ér��?

6. ¦BNçß��̀/���¹כ ëß���H��H °ú��Ð�� ������

2Z
−→←−
α

γ

{⊥, 0, > 0, < 0,≥ 0,≤ 0,>}

�̀¦

α∅ = ⊥
else α{0} = 0
else αX = > 0 if ∀x ∈ X.x > 0
else αX = ≥ 0 if ∀x ∈ X.x ≥ 0
else αX = < 0 if ∀x ∈ X.x < 0
else αX = ≤ 0 if ∀x ∈ X.x ≤ 0
else αX = > otherwise

�Ð ��¦ îß����ô�Ç +̂-�̀¦ ���©� &ñ
SX��>� &ñ
_�K�"f

⊥ +̂- = ⊥
0 +̂- = >

> 0 +̂- = ≥ 0
< 0 +̂- = ≤ 0
≥ 0 +̂- = ≥ 0
≤ 0 +̂- = ≤ 0
> +̂- = >

�Ð Ùþ¡��. �̀��Ér��?

7. 0A_� ,BNçß�\�"f/���¹כ îß����ô�Ç ˆmod\�¦ ���©� ���©� &ñ
SX�
�>� &ñ
_����� ��A�ü< °ú ��:

⊥ ˆmod ? = ⊥
else ? ˆmod⊥ = ⊥
else ? ˆmod 0 = > 0
else 0 ˆmod ? = 0
else ? ˆmod ? = >

�̀��Ér��?

8. 0A_� ���#Q\�"f e mod 0�� e��_�_� �ª�Ãº\�¦ >pw�t� ·ú§
�¦, áÔ�ÐÕªÏþ�_� z�́'���̀¦ "3�ÆÒ>� ���H _�p�\�¦ �������
�¦ ���. s� �â
Äº s��Qô�Ç d���̀¦ ¾¡§�Ér �̧��H d��[þt_� ���
õ�°úכ�Ér “!”�� �)a���¦ &ñ
_����. s� _�p�½̈�̧\�¦ z�́'��
ë�HÐ�o(evaluation context)\�¦ s�6 xK�"f &ñ
SX��>� ³ð
�&³���� ��A�ü< °ú ��:

K ::= [] | K +- | K mod e | n mod K

n +- ↪→ n + 1 n +- ↪→ n− 1
(if m 6= 0) n mod m ↪→ n%m n mod 0 ↪→ !

e ↪→ e′

K[e] ↪→ K[e′]

�̀��Ér��?

9. ¦¹���K�$3��̀כ 0AK�"f s�]j 2Z∪{!}\�¦ ¹���ô�Çכ /BNçß�\�"f
_�p�\�¦ &ñ
_�K��� ô�Ç��. ��6£§_� /BNçß�Ü¼�Ð ¹���ô�Çכ �	כ
�Ér �̀¦���Ér��(°ú��Ð�� ������s� ��0pxô�Ç��)?

{⊥, 0, > 0, < 0,>, !}

#�l�"f ÊÃº>����¹כ α��H

α∅ = ⊥
else α{!} = !
else αV = 0 if ∀v ∈ X.v = 0 or !
else αV = < 0 if ∀v ∈ X.v < 0 or !
else αV = > 0 if ∀v ∈ X.v > 0 or !
else αV = > otherwise

10. s� M:, îß����ô�Ç ˆmod�̀¦ ���©� &ñ
SX��>� &ñ
_����� ��A�
ü< °ú ��

⊥ ˆmod ? = ⊥
else ? ˆmod⊥ = ⊥
else ! ˆmod ? = !
else ? ˆmod ! = !
else ? ˆmod 0 = !
else 0 ˆmod ? = 0
else ? ˆmod ? = >

�̀��Ér��?

11. 0A_� ë�H]j\�"f ��6£§_� /BNçß�Ü¼�Ð ¹���ô�Çכ ��Ér	כ �̀¦��
�Ér��(°ú��Ð�� ������s� ��0pxô�Ç��)?

{⊥, 0, > 0, < 0,>, !}

ÊÃº>����¹כ α��H

α∅ = ⊥
else α{!} = !
else α{0} = 0
else αV = < 0 if ∀v ∈ X.v < 0
else αV = > 0 if ∀v ∈ X.v > 0
else αV = > otherwise

12. s� M:, îß����ô�Ç ˆmod\�¦ ���©� &ñ
SX��>� &ñ
_����� ��A�
ü< °ú ��

⊥ ˆmod ? = ⊥
else ? ˆmod⊥ = ⊥
else ! ˆmod ? = !
else ? ˆmod ! = !
else ? ˆmod 0 = !
else 0 ˆmod ? = 0
else ? ˆmod ? = >

�̀��Ér��?

2


