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@/�©� áÔ�ÐÕªÏþ�

��6£§_� ���#Q\�¦ Òqty�����:

e → n &ñ
Ãº

| x ���Ãº

| e + e  »	!lr

| λx.e �<ÊÃº

| e e &h�6 x

d�� e��H z�́'��s� =åQ����� &ñ
Ãº�� �<ÊÃº\�¦ ?/Z�~��H��. ����"f, z�́'�����
õ� °úכ�Ér

v → n | λx.e | x
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áÔ�ÐÕªÏþ� z�́'���Ér ��6£§_� l��:r&h���� ��r�æ¼l� õ�&ñ
_� ìøÍ4�¤:

n + n′ → (n + n′) (λx.e) v → {v/x}e

#Qn�\�¦ ��r� jþtt���H ��6£§_� z�́'��ë�HÐ�os� ���&ñ
:

K → []
| K + e | v + K
| K e | v K

áÔ�ÐÕªÏþ�_� z�́'�� ½©gË:�Ér

e → e′

K[e] → K[e′]

\��Q�©�I� = e�� °ú̧�כ �����X< ���'��(→) ½+É Ãº \O�Ü¼���

e�� “ë�H]j\O�s� z�́'��” = e�� \��Q�©�I��� ÷&t� ·ú§6£§
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��{9� r�Û¼%7� = +þAd�� �7Ho�

�7Ho�d�� Òqt�̂�Dh “e : τ”

�7Ho�d�� _�p� [[e : τ ]] = true
iff “e �� ë�H]j\O�s� z�́'��÷& 9, =åQèß������ Õª ���õ���H τ
��{9�s���”

\V:

1 + 2 : ι
(λx.x) 3 : ι
λx.3 : τ → ι, e��_�_� τ .

ÆÒ�:r½©gË:(inference rules)�Ér “Γ ` e : τ”g1J�̀¦ Ä»ÆÒ ���H
½©gË:[þt

��&ñ
[þt Γ
���Ãº[þt_� ��{9�[þt\� @/ô�Ç ��&ñ


x + 1 : ι, ��&ñ
 x : ι ��A�"f.
x 2 : ι, ��&ñ
 x : ι → ι ��A�"f.
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Γ ` e : τ\�¦ ÆÒ�:r���H ½©gË:

Γ ` n : ι Γ ` x : τ
x : τ ∈ Γ

Γ ` e1 : ι Γ ` e2 : ι
Γ ` e1 + e2 : ι

Γ ` e1 : τ ′ → τ Γ ` e2 : τ ′

Γ ` e1 e2 : τ

Γ + x : τ ` e : τ ′

Γ ` λx.e : τ → τ ′

³ðl�ZO� Γ + x : τ
def= {y : τ ′ | y 6= x, y : τ ′ ∈ Γ} ∪ {x : τ}

>�S\�: ∅ ` pgm : τ s���� [[pgm : τ ]] = true
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ÆÒ�:r_� \V: 7£x"î
 ��Áº

{x : ι} ` x : ι
x : ι ∈ {x : ι}

{x : ι} ` 1 : ι

{x : ι} ` x + 1 : ι

∅ ` λx.x + 1 : ι → ι ∅ ` 2 : ι
∅ ` (λx.x + 1) 2 : ι
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>�S\�@/�Ð ÷&%3���H��? �̀¦���Ér ÆÒ�:r ½©gË:�����?

e��_�_� áÔ�ÐÕªÏþ� e\� @/K�"f

` e : τ

s����

[[e : τ ]] = true

�����? 7£¤,

e �� ë�H]j\O�s� z�́'��÷& 9

=åQèß������ Õª ���õ���H τ ��{9�

�����?
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7£x"î
 ~½ÓZO�I

Progress Lemma: °úכs� ���̀¦ M: ��t� ë�H]j\O�s� ���'��ô�Ç��.
` e : τ s��¦ e�� °úכs� ��m���� ìøÍ×¼r� e → e′.

Subject Reduction Lemma: ���'���Ér ��{9��̀¦ �Ð�>rô�Ç��.
` e : τ s��¦ e → e′ s���� ` e′ : τ .

Prof. Kwangkeun Yi SNU 4541.664A Program Analysis Spring 2005 Note 15



éß�í�H ��{9� r�Û¼%7� Simple Type System
��{9� ÆÒ�:r ½©gË:
ÆÒ�:r ½©gË:_� îß����$í
 7£x"î


7£x"î
 ~½ÓZO�II

e → error\�¦ &ñ
_�
Subject Reduction Lemma:
` e : τ s��¦ e → e′ s���� ` e′ : τ .
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