
��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

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. °ú��Ð�� ������

Val −→←−
αV

γV

V̂al

�Ér

αV (X) =















⊥ if X = ∅
e if ∀x ∈ X : x is even.
o if ∀x ∈ X : x is odd.
> otherwise

2. °ú��Ð�� ������

(Cmd → Mem → Mem) −→←−α

γ
(Cmd → ˆMem → ˆMem)

�Ér ÂÒ¾¡§ /BNçß�[þt ��s�_� °ú��Ð�� ������

Cmd −→←−
id

id

Cmd Var −→←−
id

id

Var Val −→←−
αV

γV

V̂al

�̀¦ ��t��¦ ��6£§õ� °ú s� &ñ
_�ô�Ç��:

Mem = Var
fin

→ Val −→←−
αM

γM

Var
fin

→ V̂al = ˆMem
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��� αM��H

αM (m) = αV ◦m ◦ γVar = αV ◦m

s��¦

Mem → Mem −→←−
αC

γC ˆMem → ˆMem

��� αC��H

αC(x) = αM ◦ x ◦ γM

s� 9, αM , αC\�¦ ��t��¦ 0A_� α��H

α(C) = αC ◦ C ◦ γCmd = αC ◦ C.

�Ð &ñ
_����� °ú��Ð�� ������s� �)a��.

3. Fü< F̂\�¦ &ñ
_����.

F C (repeat c until x) m = ((C c m)(x) 3 x ≤ 0 ? C (repeat c until x) (C c m) : ∅)
∪ ((C c m)(x) 3 x > 0 ? C c m : ∅)

F̂ Ĉ (repeat c until x) m̂ = (Ĉ (repeat c until x) (Ĉ c m̂)) t (Ĉ c m̂)

4. lfpF̂�� lfpF_� îß����ô�Ç ¦¹���e���̀כ �Ðs��9���

α(lfpF ) v lfpF̂

e���̀¦ �¦&ñ
&h� )±ú�ZO�(fixpoint induction)Ü¼�Ð f��]X� 7£x"î
�~����, Fixpoint
Transfer &ñ
o�\�¦ s�6 x½+É Ãº e��Ü¼Ù¼�Ð ��6£§�̀¦ 7£x"î
�l�ëß� ���� �)a��:

α ◦ F v F̂ ◦ α.

7£¤,
α(F C) v F̂ (αC).

�̧��H"î
§î
ë�H\�@/K�"f0A_���z�́�̀¦7£x"î
����÷&��HX<,#�l�"f��H “repeat c until x”

\�@/K�"fëß�7£x"î
K��Ð��. r
let

= “repeat c until x”�Ð��¦��r�æ¼���,7£x
"î
½+É �,�Ér	כ e��_�_� m̂\� @/K�"f

α(F C) r m̂ v F̂ (αC) r m̂.

s�]j ýa����̀¦ α_� $í
|9��̀¦ s�6 xK�"f ���>hK� �Ð��� Äº����Ð�� ������� °ú >� �)a

��:

α(F C) r m̂ = (αC ◦ (F C)) r m̂ (by def. of α)
= (αC(F C r)) m̂

= (αM ◦ (F C r) ◦ γM ) m̂ (by def. of αC)
= αM (F C r (γMm̂))
v αM (C r (C c (γMm̂)) ∪ C c (γMm̂)) by def. of F

= αM (C r (C c (γMm̂))) t αM (C c (γMm̂)) by Galois conn.
v (αC) r (αM (C c (γMm̂))) t (αC) c (αM (γMm̂)) by Prop.1 twice
v (αC) r ((αC) c (αM (γMm̂))) t (αC) c (αM (γMm̂)) by Prop.1 twice
v (αC) r ((αC) c m̂) t (αC) c m̂ by Galois conn.

= F̂ (αC) r m̂.
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Proposition 1 f ∈ A → B��H éß��̧�<ÊÃºs��¦ A −→←−
αA

γA

Âs��¦ B −→←−
αB

γB

B̂{9� M:,

αB(f a) v (αA→Bf)(αAa)

s���. �=������,

αB(f a) v αB(f (γA(αAa)))

= (αB ◦ f ◦ γA)(αAa)

v (αA→Bf)(αAa).
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