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��{9� r�Û¼%7�

áÔ�ÐÕªÏþ� ì�r$3�Ü¼�Ð"f:

ì�r$3� $í
|9�: áÔ�ÐÕªÏþ� ÂÒ¾¡§[þts� >�íß�K� ?/��H °úכ[þt_�

��{9��Ér?

ì�r$3�_� îß����$í
(soundness): ì�r$3�ô�Ç ��{9�_� °úכëß��̀¦

z�́'��×�æ\� >�íß�ô�Ç��.

ì�r$3�_� ·ú��¦o�7£§: 1lx{9��o(unification) ·ú��¦o�7£§

Ä»_�

��{9� r�Û¼%7� = :£¤&ñ
 $í
|9�(áÔ�ÐÕªÏþ� ��{9�)\� :£¤�o�)a ì�r$3�l�

îß����$í
 7£x"î
~½ÓZO� = :£¤�o�)a 7£x"î
l�Õüt

·ú��¦o�7£§ = Õª ì�r$3�l�\� :£¤�o�)a ·ú��¦o�7£§
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��{9� r�Û¼%7� = áÔ�ÐÕªÏþ� ÂÒ¾¡§[þt_� ��{9��̀¦ ���&ñ

���H

7£x"î
½©gË:/ÆÒ�:r½©gË:(inference rules, proof rules)

îß����$í
 7£x"î
~½ÓZO� = Õª 7£x"î
½©gË:[þt�Ð 7£x"î
÷&��H

�̧��H ����:r�Ér b���̀¦ëß��<Ê(soundness)\�¦ 7£x"î
, 7£¤

����:r@/�Ð áÔ�ÐÕªÏþ�s� z�́'��H�d�̀¦ 7£x"î


·ú��¦o�7£§ = 7£x"î
½©gË:[þt�Ð ëß�[þt#Qt���H ����:rõ�

°ú �Ér ����:r�̀¦ >�íß�
���H ·ú��¦o�7£§
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��{9� r�Û¼%7� = �_�¹���K�$3כ ô�Ç \V

�̧��H ��{9� r�Û¼%7�[þt�Ér ¹���K�$3�(abstractכ interpretation). ����

"f, áÔ�ÐÕªÏþ� ì�r$3�\���H �¹���K�$3�ëßכ ·ú���� �)a��?

CPO, �¦&ñ
&h�(fixpoints), °ú��Ð�� ������(Galois connection),

»¡¤t�ZO�/a%vy�l�(widening/narrowing), �¦&ñ
&h�

·ú��¦o�7£§(fixpoint algorithm)

Õª�Q��,

¹���K�$3��Érכ Äºo�_� 7áx�§�� ��m���

�7Ho�&h�Ü¼�Ð ë�H]j \O���H ~½ÓZO�s������ -$��Ht� �©��'a\O���

���ª�ô�Ç ]X���H ~½ÓZO��̀¦ e��)���

��{9� r�Û¼%7�Ü¼�Ð ì�r$3��̀¦ n������ 
���H �©�éß�&h��Ér z�́]j_�

�â
Äº\�¦ �Ð�¦��"f o�ÂÓK��Ð��
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��{9� r�Û¼%7� = 7£x"î
½©gË:? 4�¤_þv

+þAd���7Ho�ü< ÆÒ�:r

�7Ho�d�� |9�½+Ë_� &ñ
_�

�7Ho�d�� _�p�_� &ñ
_�

�ÃÐ�7Ho�d�� |9�½+Ë_� &ñ
_�

�ÃÐ�7Ho�d�� ÆÒ�:r_� ~½ÓZO�

ÆÒ�:r~½ÓZO� î̈
��
�l�
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�7Ho�d�� |9�½+Ë

f → T | F
| ¬f

| f ∧ f

| f ∨ f

| f ⇒ f
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�7Ho�d�� _�p�

�̧wn�d�� &ñ
_� compositional definition

[[T ]] = true

[[F ]] = false

[[¬f ]] = not[[f ]]

[[f1 ∧ f2]] = [[f1]] andalso [[f2]]

[[f1 ∨ f2]] = [[f1]] orelse [[f2]]

[[f1 ⇒ f2]] = [[f1]] implies [[f2]]

e��_�_� �7Ho�d�� f_� _�p��� &ñ
_� �)a !lr.
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�ÃÐ �7Ho�d�� |9�½+Ë_� &ñ
_�

�©� ({f1, · · · , fn}, f)(³ðl�: “Γ ` f”) [þt_� |9�½+Ë

Γ ` T Γ ` f
f ∈ Γ Γ ` F

Γ ` f

Γ ` ¬¬f

Γ ` f

Γ ` f1 Γ ` f2

Γ ` f1 ∧ f2

Γ ` f1 ∧ f2

Γ ` f1

Γ ` f1

Γ ` f1 ∨ f2

Γ ` f1 ∨ f2 Γ ∪ {f1} ` f3 Γ ∪ {f2} ` f3

Γ ` f3

Γ ∪ {f1} ` f2

Γ ` f1 ⇒ f2

Γ ` f1 ⇒ f2 Γ ` f1

Γ ` f2

Γ ∪ {f} ` F

Γ ` ¬f

Γ ` f Γ ` ¬f

Γ ` F
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�ÃÐ�7Ho�d�� |9�½+Ë &ñ
_� = 7£x"î
[þt_� |9�½+Ë�̀¦ &ñ
_�

7£x"î
[þt_� |9�½+Ë�̀¦ ëß�×¼��H )
±ú�½©gË: (“7£x"î
½©gË:” inference rules).

\V\�¦ [þt#Q, 7£x"î
½©gË:

Γ ` f1 Γ ` f2

Γ ` f1 ∧ f2

�Ér 7£x"î
�̀¦ ëß�×¼��H )
±ú� ½©gË:

Γ ` f1ü< Γ ` f2_� 7£x"î
[þt�̀¦ ��t��¦ Γ ` f1 ∧ f2_� 7£x"î
�̀¦

ëß���H��.
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7£x"î
 ��Áº

{p → ¬p, p} ` p

{p → ¬p, p} ` p → ¬p {p → ¬p, p} ` p

{p → ¬p, p} ` ¬p

{p → ¬p, p} ` F

{p → ¬p} ` ¬p
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7£x"î
 ½©gË:_� î̈
��

l�>��� ëß�×¼��H {g1, · · · , gn} ` f ��H #Q�"� �?�����þt]	כ \V)

[[g1 ∧ · · · ∧ gn ⇒ f ]] = true �����?

l�>�_� îß����$í
 soundness:

Γ ` f s���� [[Γ ⇒ f ]] = true

l�>�_� ¢-a���$í
 completeness:

Γ ` f ���s� [[Γ ⇒ f ]] = true
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��{9� r�Û¼%7�\�"f �7Ho�d��

�7Ho�d�� = áÔ�ÐÕªÏþ� d��õ� Õª ��{9��̀¦ ³ð�&³
���H d��

��{9�[þt�Ér

{int , real , bool , int∗, int → bool , int × int , · · · }

7£¤

Type τ → ι primitive type

| τ × τ product type

| τ → τ function type

| τ∗ pointer type

áÔ�ÐÕªÏþ� d��[þt�Ér @/�©� ���#Q_� ë�HZO� &ñ
_��Ð ÂÒ'�

E → n | x | & x | x E

| x := E | E ; E

| while E do E | · · ·

7£¤, �7Ho�d��_� Òqt�̂�Dh��H

E : τ
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��{9� r�Û¼%7�\�"f �ÃÐ��� �7Ho�d��

�7Ho�d�� _�p�_� &ñ
_�

[[E : τ ]] = true

iff

E runs ok and its, if any, value has type τ
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�ÃÐ��� ��{9�d�� 7£x"î
 ½©gË:

“Γîß�\� e����H �7Ho�d��[þt�̀¦ ��&ñ

���� E : τ s���”

Γ ` E : τ

\�¦ 7£x"î

���H ½©gË::

Γ ` n : int Γ ` x : τ
x : τ ∈ Γ

Γ ` x : τ
Γ ` & x : τ∗

Γ ` x : τ1 → τ2 Γ ` E : τ1

Γ ` x E : τ2

...
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7£x"î
½©gË:_� îß����$í


7£x"î
 ½©gË:s� ����:r?/o���H(ëß�×¼��H) Γ ` E : τ ��H îß����ô�Ç��?

e��_�_� áÔ�ÐÕªÏþ� d�� E\� @/K�"f

Γ ` E : τ s���� [[Γ]] ⇒ [[E : τ ]] = true

�����?

7£x"î
: �̧��H Γ ` E : τ\� @/K�"f 7£x"î
 ()
±ú�ZO�, why?)
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½̈�&³ ·ú��¦o�7£§

·ú��¦o�7£§ A(E,Γ)

A(E,Γ) = τ ⇐⇒ Γ ` E : τ

��m���� &h�#Q�̧

A(E,Γ) = τ =⇒ Γ ` E : τ

A(E,Γ)��H E�Ð ÂÒ'� ��{9�d��\� @/ô�Ç ���wn� ~½Ó&ñ
d���̀¦

�̧Ø�¦
��¦ Õª ~½Ó&ñ
d���̀¦ ó�r��

~½Ó&ñ
d��ÉÒ��H~½ÓZO�s��¦&ñ
&h�·ú��¦o�7£§�Ð����H��{9�d��\�:£¤�o

1lx{9��o(unification) ·ú��¦o�7£§
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