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7£x"î
½+É ÂÒ{��s� ß¼��:

|9�½+Ë ]j���d�� |9�½+Ë�̀¦ �̧Ø�¦���H ~½ÓZO�

pgm ⊲ C

s� �̀��Ér��?

ì�r$3�_� K���H ½©gË: R(Dh�Ðî�r ]j���d���̀¦ �8K�����H ½©gË:)�̀¦
=åQ��t� &h�6 xK�"f ���:r R∗(C)

R∗(C)
let
= lfpλX.C ∪ {a | X ⊢R a}

×�æ\�"f ¢-a���y� Û�¦�9��� ]j���d��[þt(atomic constraints)
explicit(R∗(C))�Ð ���HX<, �̀��Ér��?
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]j���r� �̧Ø�¦ ~½ÓZO� pgm ⊲ C��H �̀��Ér��?

C_� e��_�_� �̧4Sq/K�(model)�� pgm_� z�́]j�©�S!��̀¦ �̧¿º �í[O��

��H��?

[[pgm]] ∈ V → 2H\�¦ &ñ
_�.

H��H ì�r$3�\�"f ��6 x���H °úכ[þt_� /BNçß� 7£¤,
½̈$í
��(constructor)[þt�Ð ëß�[þt#Qt���H ±ú ú́�(term)[þt_�
|9�½+Ë(Herbrand universe)

C_� e��_�_� �̧4Sq σ ∈ V → 2Hs� [[pgm]]\�¦ �í[O��<Ê�̀¦ 7£x"î
:

∀x ∈ V.[[pgm]](x) ⊆ σ(x)
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]j���d�� Û�¦l� explicit(R∗(C))��H �̀��Ér��?

R∗(C)��H ½©gË: R�̀¦ C\� &h��oK�"f ����o�� \O��̀¦ M: ��t�

&h�6 xô�Ç��

R∗(C)
let
= lfpλX.C ∪ {a | X ⊢R a}

=åQ����H��?

λX.C ∪ {a | X ⊢R a} ��H ]j���d�� |9�½+Ë�̀¦ Zþto���H éß��̧�<ÊÃº
]j���d�� |9�½+Ë_� þj@/ ß¼l���H ì�r$3�½+É áÔ�ÐÕªÏþ�\� _�K�

ô�Ç&ñ
�)a��

¢-a���y� Û�¦�9��� ]j���d��[þt(atomic constraints)
explicit(R∗(C))_� e��_�_� �̧4Sqs� C_� �̧4Sq�����?

�7Hë�H{9�l�
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ML---
e → x | λx.e | fix x.e | e e

| κ(e) | case(e, κ(x) : e, (y) : e)

ì�r$3� 3lq³ð: áÔ�ÐÕªÏþ�\�"f y�� d��[þts� >�íß����H °úכ[þt_� |9�½+Ë.
|9�½+Ë]j���d�� ϕ ⊇ se

ϕ ∈ V = Ve ∪ Vx áÔ�ÐÕªÏþ� d��õ� áÔ�ÐÕªÏþ� ���Ãº����

κ ∈ C ½̈$í
��(constructor) |9�½+Ë
se → ϕ |9�½+Ë���Ãº

| λx.e áÔ�ÐÕªÏþ� �<ÊÃº

| κ(ϕ) ½̈$í
(construction)
| κ−1(ϕ) ��õ�(deconstruction)
| se ∩ se �§|9�½+Ë

| ⊤ | ⊥
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]j���d�� �̧Ø�¦ e ⊲ C

x ⊲ {ϕ ⊇ ϕx}

e ⊲ C
λx.e ⊲ {ϕ ⊇ λx.e} ∪ C

e ⊲ C
fix x.e ⊲ {ϕ ⊇ ϕx, ϕx ⊇ ϕe} ∪ C

e1 ⊲ C1 e2 ⊲ C2

e1 e2 ⊲ {
ϕ ⊇ (ϕ1 ∩ λx.e ⇒ ϕe),
ϕx ⊇ (ϕ1 ∩ λx.e ⇒ ϕ2)

| λx.e ∈ pgm} ∪ C1 ∪ C2

e ⊲ C
κ(e) ⊲ {ϕ ⊇ κ(ϕe)} ∪ C

e0 ⊲ C0 e1 ⊲ C1 e2 ⊲ C2

case(e0, κ(x) : e1, (y) : e2) ⊲
{ϕ ⊇ (ϕ0 ∩ κ(⊤) ⇒ ϕ1), ϕx ⊇ (ϕ0 ∩ κ(ϕ′) ⇒ ϕ′) | ϕ′ ∈ V }

∪ {ϕ ⊇ (ϕ0 ∩ κ′(⊤) ⇒ ϕ2), ϕy ⊇ (ϕ0 ∩ κ′(ϕ′) ⇒ ϕ′) | κ′ 6= κ}
∪ C0 ∪ C1 ∪ C2
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]j���d�� Û�¦l� ½©gË:(constraint resolving rules) R

ϕ ⊇ ϕ′ ϕ′ ⊇ se

ϕ ⊇ se

ϕ ⊇ (ϕ′ ∩ λx.e ⇒ se) ϕ′ ⊇ λx.e

ϕ ⊇ se

ϕ ⊇ (ϕ′ ∩ κ(⊤) ⇒ se) ϕ′ ⊇ κ(ϕ′′)

ϕ ⊇ se

ϕ ⊇ (ϕ′ ∩ κ(ϕ′′) ⇒ se) ϕ′ ⊇ κ(ϕ′′)

ϕ ⊇ se

Prof. Kwangkeun Yi SNU 4541.664A Program Analysis Note sb-3



|9�½+Ë ]j���d�� ì�r$3� Constraint-based Analysis
|9�½+Ë ]j���d�� ì�r$3�_� 7£x"î

ì�r$3� \V

áÔ�ÐÕªÏþ� pgm\�"f �̧Ø�¦ô�Ç ]j���d�� |9�½+Ë C

pgm ⊲ C

\�¦ =åQ��t� Û�¦#Q�·p ]j���d��[þt R∗(C)

R∗(C)
let
= lfpλX.C ∪ {a | X ⊢R a}

×�æ\�"f explicit(R∗(C))s� C_� þj�è K�/�̧4Sq.

ϕ ⊇ ae

ae → ⊤ | ⊥
| λx.e

| κ(ϕ)
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(fix f (λx.case(x, κ(k) : k, (y) : f(κ(y))))
)(κ′(λz.z))
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