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> DA 9 ¢ TS otE = olei 7zl
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> P(1)YE 2o|1
> P(z) = P(f(x)) 20|,
> P(fpf)E MY (“UpfE 1 Z0f S0i2).
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P — PAP | VjEP
EP — EPVEP | QW) | f(i)E 9())

Q ]-ZI' lEE_l Aﬁlfirst order predicate
ADSEA

(p.215, Denotational Semantics: The Scott-Strachey Approach to Programming
Language Theory, Joseph E. Stoy)

(“Inductive Method for Proving Properties of Programs”, Manna, Ness,

Vuillemin)
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A P(lfpf, ifpg)

1 = b(z) C k2).

AHel ¢ =
(V(a,b) € C.P(a,b)) = P(|_|C)

o=, (2?)
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—T'—%:-)I ZC-II |O_| E||fixpoint induction O:”

[while E C]

= UfpAX.(AM.[E]M? X([C]M) : M)
[repeat C E]

= IUpAX((\M.[E]M? XM : M) o [C])

SY: [C ; while E C] = [repeat C' E] =,
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[C;while EC] = (IfpF)o[C]

[repeat C E] = IfpG
FG = -
olez, L A=
P(IfpF, UfpG) = (fpF o [C] = IfpG).
> %Oﬂ%"f /éj;élinclusive predicate O|E§
> YA ?_“;!fixpoint induction 2.2

P(L, )& 20|11, P(f,g9) = P(F(f),G(g))E 2Itt
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44 49|= 0|8st= S8 4
if n=0 then oo else (f(n-1) || true)

F A [£] E Ax.true

Ifp(F = Xf nn =071 : (f(n—1) or* true))

C \x.true.

fE )\x.true, :LE'_-|D_II
3. IfpF T Ax.trueO|C}.

A f= (Ann =071 : true)

11/18



A YOIZ 0|83t 5 of

o 0O
f(n) = if n=0 then oo else (f(n-1) || true)
> %%‘32 2: [£] C Ma.true
> = Ifp(F = A nn =071 (f(n—1) or* true))
C A\z.true.
SHst7|:
1. Zofat F(f)C f o f, 12|11

2. 171, Holstels MU DSBS Bols
f E \z.true, 1e{®™
3. IfpF T \x.trueO|C}.
A f= (Ann =071 true)
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> Of) Z22URHS O F = P([EEL2], [ E2E])
> Pa,b) Za=0b(B2E = 2A207} Z2)
> Pa,b) Ea~b(Z2E = 2A0| MAHO|A ofH
2A)
> 225 SO 28 FH A0 7R 7| )
> Otz|, SWHIAENM “7t -IE'”ﬁ—metamorphuc test B
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7E-IE7| %Egextentional proof £E|'OE|: O:” 1

O| 12747 | iing B 2HOH| CHSH A
oto| AARHSE QAR O|AVIE S Het

f(x) = xta — f(x,a) = x+a
|.
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> O|117t7| Bt 1iftExp:

liftExp: (A -> X -> Y) Exp
-> ((A x X) => Y)Exp

> UiSSt= 2IDIMAL| &= lift:

lift: (A= (X—=>Y)—= (X —-Y))
- AXxX=Y)> (AxX =Y)

a
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MRS DRESICHIHY):

(LiftF) f (a,x) = Fa (\'.f(a,2")) x
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(fp(Fa)) x = (ifp(lift F)) (a, z).
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(fp(Fa)) z = (ifp(lift F))(a, x)

1Y AH22 SB: P(Ifp(F a), ifp(lift F))

P(f,9) = (fz = g (a,2)).

> Lyxy 2= Laxxoy (a,2)? 4.

> fa=g(a,z)0lH P((Fa)f,(lift F)g)? U, LI

(Lift F)g(a,z) = Fa(\'.g(a,2))z (
= Fa(\.fa)x (
= Fafuz.

o ox
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)
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|D|:I'L—'—full abstraction semantics

=

7 QIUI-_rLidenotat.ona| semantics &7 {517

bo|D| 27t A MA2E H 20Ok

|07t 2™ Ja o|0|= Z11, L= Zefof

9" I:ll__l','—$—full abstraction semantics, fully abstract-
[E] = [E'] < Vcontext C[].C[E] "&* C[E).

ZO-I_O_l) EbegveE, Caa

» [f(n)=if n=0 then 1 else f(n-1)] = [g(n)=1]7?
H. .

» [oolltrue] = [true]? S.
|

17/18



Ei%él OI_-I O'I —O—l WD_C/)d —O—l |:||:I'L—$—denotational semantics
E — n At
|z e
| fnzE St
| recxE ZHHLL
| EE s

751' vV = Nl + (V — V)
St4d Fnv = Var, —»V
[E] € Enw—V

o = o(x)

o = M.([E]o{x— v})

[recz E] o = Ifplv.([E]o{x > v})
[ErEx] o = ([Er] o) - ([E2] o)
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