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“1+2" ez 20| 527
.ol = 23 3
=32 E2{W& 2|0|7ER(denotational semantics)
» 2|0 = A4takd: "1 25 HalA 35 AlLFSHCt”

S E{Ui= 2|0|7LE (operational semantics)
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== EHU&= Q|0|+tZ(denotational

semantics)

» D2 740] 0|0 MRl ko] MA|0|A, 2|0|5H=
ot 1238 cefy
» “denotational semantics” = “X|&5t= HHE E2{U=
o|0f-z"
» A O||:||?L}_(composit“ional semantics): Z1|2| 2|0O|
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o = o
M € Memory
z € Value
x € Var
HHE C9 20| [C]
AlLHA EOf o|0f [E]

m Mm

Var — Value

Z

Program Variable
Memory — Memory
Memory — Z



[skip] M = M
[v :=FE]M = M{x— [E] M}
[if ECy Co] M = if [E]M # 0 then [C]M else [Co] M
[Cr; Col M = [Co] ([C1] M)
[n]M = n
[Er+ Bl M = ([Ex] M) + ([E2] M)
[-EIM = —([E]M)
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[while E C]M
= if [E]M # 0 then [while E C|([C]M) else M
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[while E C]M

= if [E]M # 0 then [while E C|([C]M) else M
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O|0| 57t O|=(domain theory)
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» 2 240| O|0|WHAISO| A0l HSS 2F o

» GARISE B CPOOIM CPOR THs 1234
(continuous function)
» “Computability is continuity.”
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[c1 = FdcD
o7IM [C] € D (0 CPO)
J2|2 F € DD (DOM DR A&E4-52| CPO)
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fixpoint) 2 2 &

» DAA O|0|FLZ(fixpoint semantics)
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9| LUBE 2l = &4
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CPOO||A| CPOZ 7t= H&stgy fe=
o

ol R A2, 2

LUFLU L) U

O[Ct.(2H?)

2 BUTAM, D2 A[Q(chain)



CPO HS 7|

set

Sy

CPO x CPO

CPO + CPO | CPO @ CPO
CPO — CPO



» 2220 Ye(lifted set) S, CPO
» CPOL} CPOQ| H|7t=E &(Cartesian product)= CPO

» CPOR} CPOQ| £4I12 7| st & (separated sum)=
CPO

» CPOO|M CPOR 7tH= H&dteE59| REE CPO
FCt.
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AR01= CPOAIOIOlIA $I9] Yo Holsl CPO WAl
(domain equation)2| off = ataF ZAHSHC}
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Store = Loc — (Int + Loc + Cmd)

Cmd = Store — Store
£ PH=E5t= CPO Stores & ESATHC.
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CPO D2t D,°| 472 E &(Cartesian product)

Dy x Dy = {(z,y) | x € D1,y € Dy}

» AASO| &M= A (component-wise)
(x,y) C (2", y) iffx Cp, 2 A yCp, .
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12 A while-

M € Memory
z € Value
z € Var

A&ty [C] € Memory — Memory

ALHA £2| o|0|

ALty [E] € Memory — 7.,

20| o|oj?

= Var — Value

= 7,

= ProgramVariable |
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22=2l CPO
=22l CPO



while-22| 2|0|ZYA 2

[while E C]M
= if [E]M # 0 then [while E C|([C]|M) else M
CHA| 24T,
[while E C] =
AM.if [E]M # 0 then [while E C|([C]M) else M.

=, while-2| 2|0 [while E C]= A& S

AX.(AM.if [E]M # 0 then X ([C]|M) else M)
€ (Memory — Memroy) — (Memory — Memroy)
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[while E C]
= fixF € Memory — Memory
= fix(AX.(AM.if [E]M # 0 then X ([C]|M) else M)

)
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[while E C]

n]

M € Memory
z € Value

z € Var

[€]

[E]

= MMM

m m |

Var — Value

7,
ProgramVariable |
Memory — Memory
Memory — Value

— AM.M{x s [E] M)
= AM.if [E]M # 0 then [C]M else [Co] M
= AM[Co] ([Ch] M

= fix(AX.(AM.if [E]M # 0 then X ([C]

= AM.n

= AM.([EB\] M

M) else M))

+ ([E2] M)

- ([E] M)
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O: C = AB
[AB] = [A] + [B]
7| M
[A] =1
[B] = ---[B]
(1Al [B) = (1,---18]
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S D8 A(fixpoint) Of

“Computer science is full of fixpoints.”
HYd/AHHEeZ HolEl 71 = 2|4 1Y H(least fixpoint):

» N = {0} U {n+1|n € N}
N = fuAX {0} U{n+1|n € X}
» list = {nil} U {(0,1) 1€ 1list}

list = fix AX {nil} U {(0,0)]l € X'}



» reach(N) = N U reach(next(N))
reach = fit A\f.(AN.N U f(nezt(N)))
» sort(A) = if sorted(A)? A: sort(exch(A))
sort = fit \f.(NA.if sorted(A)? A: f(exch(A)))
» rescue(E) = if noX(E)? E: rescue(exch(E))

rescue = fit \f.(AE.if noX (E)? E : f(exch(FE)))



» fac(n) = if n=07 1 : n*fac(n-1)
fac = fixAf.(An.if n=071: nx f(n—1))
» repeat C E = ('; if E (repeat C FE) skip

[repeat C E] = fiz AX.(AM.if [E]M?X M : M)o[C])
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