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IMP— a Simple Imperative
Language

p

B Numbers (N): m, n
H Locations (Loc): X, Y

m Arithmetical expressions (Aexp):
az=n|X|a+ay|ar—az|a*xay
® Boolean expressions (Bexp):

bu=true|false|a; =az|a; <ay|
ﬂb|b1\/b2|bl/\b2

® Commands (Com):
cu=skip|X:=al|cp;co|if bthencyelsec|
whil e bdoc
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Evaluation: State

A state o maps locations to numbers. > = Loc — N—setall
all states. o(.X ) — contents of location X in state o.

For o € ¥ and a € Aexp we will define a relation (o, a) — n:
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Evaluation: State

A state o maps locations to numbers. > = Loc — N—setall
all states. o(.X ) — contents of location X in state o.

For o € ¥ and a € Aexp we will define a relation (o, a) — n:
| <07 n> —
w0, X)—
B (0,01 + az) —

u <07 ay — CL2> —

m efc
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‘ Evaluation: State

A state o maps locations to numbers. > = Loc — N—setall
all states. o(.X ) — contents of location X in state o.

For o € ¥ and a € Aexp we will define a relation (o, a) — n:

m(o,n)—n

w0, X)—

. <U,CL1 + CL2> -

m (0,01 —az) —

m efc
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Evaluation: State

A state o maps locations to numbers. > = Loc — N—setall
all states. o (X ) — contents of location X in state o.

For o € ¥ and a € Aexp we will define a relation (o, a) — n:

m(o,n)—n
m (0, X) —0o(X)

. <U,CL1 + CL2> -

m (0,01 —az) —

m efc
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‘ Evaluation: State

A state o maps locations to numbers. > = Loc — N—setall
all states. o(.X ) — contents of location X in state o.

For o € ¥ and a € Aexp we will define a relation (o, a) — n:

m(o,n)—n
= (0, X) —o(X)

(0,a1) —n1 (0,a2) — N2
<U, a1 + a2> —n

, where n = nq + nao.

u <Uv alp — CL2> —

m efc
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Evaluation: State

A state o maps locations to numbers. > = Loc — N—setall
all states. o(.X ) — contents of location X in state o.

For o € ¥ and a € Aexp we will define a relation (o, a) — n:

(0,a1) —n1 (0,a2) — Ny

, where n = nq + nao.

n
, where n = nq — no.
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Evaluation of Booleans

B (o,true) —true and (o,fal se) — fal se

o,a1) —ny (0,a2) —na

m !
(0,a1 = ag) —true

, 1f n1 and n9 are equal;

o,a1) —ny (0,a2) —ny

m !
(0,a1 = az) —fal se

, if n1 and n9 are unequal;

g (0.b) —true (0,b) —fal se
(o,—b) —fal se (o, —b) —true
m efc
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Evaluation of Commands

(o,¢) — 177
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‘ Evaluation of Commands

(o,¢) — 0o’
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Evaluation of Commands

(0,¢) — 0o’
W (o, skip) —?7?
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Evaluation of Commands

(o,¢) — 0o’
W (0,skip) —o0

W (0, X :=a)—777

CS101 Lecture 7 IMP — a Simple Imerative Language October 26, 2005 - p. 5

Evaluation of Commands

(0,¢) — 0o’
W (0,skip) —o0

(0,a) —n

- (0,X :=a) —o[n/X]

W (0, c1;09) —777

CS101 Lecture 7 IMP — a Simple Imerative Language October 26, 2005 - p. 5

Evaluation of Commands

(o,¢) — 0o’
W (0,skip) —o0

(0,a) —n
(0,X :=a) —o[n/X]
(o,c1) — 0 <a',02> —s "
(0,c1509) — 0"
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Evaluation of Commands

(0,¢) — 0o’
W (0,skip) —o0

(0,a) —n
(0,X :=a) —o[n/X]
(o,c1) — 0o <a',02> —s "
(0,¢1509) — 0"

W (0,if bthencj el se cg) —777
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Evaluation of Commands

(o,¢) — 0o’
W (0, skip) —0o

(0,a) —n
(0,X :=a) —o[n/X]

(o,c1) — 0 <o*', 02> —s "

<0701;02>—>U”

(0,b) —true (o,c1) — 0o
(0,if bthency el secy) — 0

u 7

(o,b) —false (0,c0) — 0
(o,if bthency el secy) — 0o
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Evaluation of Commands

(0,¢) — 0o’
W (0, skip)—o0o

(0,a) —n
(0,X :=a) —o[n/X]

(o,c1) — 0 <o*', 02> —s "

<0701;02>—>U”

(0,b) —true (o,c1) — 0
(0,if bthency el secy) — 0

7

(o,b) —false (0,c0) — 0
(o,if bthency el secy) — 0o

W (o,whilebdoc)—777
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Evaluation of Commands

(0,a) —n

(0,X :==a) —on/X]

W (0, skip) —o0

(o,c1) — 0 <cr', 02> —
(0,c1;¢0) — 0"

(0,b) —true {(o,c;) — 0o
(o,if bthency el secy) — 0o

(0,b) —false (0,c0) — 0
(o,if bthency el secy) — 0o

(0,b) —fal se
(o,whilebdoc)— o

(0,b) — true
(o,whilebdoc) —
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Evaluation of Commands

(0,a) —n

(0,X :==a) —on/X]

W (0, skip) —o0

(o,c1) — 0 <cr', 02> —
(0,c1;¢0) — 0"

(0,b) —true {(o,c;) — 0o
(o,if bthenc) el secy) — 0o

(0,b) —false (0,c0) — 0
(o,if bthency el secy) — 0o

(0,b) —fal se
(o,whilebdoc)— 0o

(o,b) —true {(o,c) — 0’
(o, whilebdoc) —
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Evaluation of Commands

(0,a) —n

(0,X :==a) —on/X]

W (o,skip) —o0

(o,c1) — 0 <cr', 02> —
(0,c1;¢0) — 0"

(0,b) —true {(o,c;) — 0
o,if bthencyelsecy) —o0
b /

(0,b) —false (0,c0) — 0
(o,if bthenc) el secy) — 0o

(0,b) —fal se
(o,whilebdoc)— 0o

(0,b) —true (0,c)— 0’ (o', whilebdoc)—0

2

Evaluation of Commands

(o,whilebdoc) —
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(0,a) —n

(0,X :==a) —on/X]

W (0, skip) —o0

(o,c1) — 0 <cr', 02> —
(0,c1;¢0) — 0"

(0,b) —true {(o,c;) — 0o
o,if bthencyelsecy) —o0
b /

(0,b) —false (0,c0) — 0
(o,if bthency el secy) — 0o

(0,b) —fal se
(o,whilebdoc)— o

(0,b) —true (0,¢c)— ' (o', whilebdoc)— "

(o, whilebdoc) — o
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‘ Small-Step Semantics

B (o, skip;c) —1 (0,c¢)

)

(o,c1;02) —1 (0!, )5 ¢2)

- (o,c1) —1 (o

(0,a) —n

(0,X :=a) —1 (o[n/X],skip)

. (0,b) —true

(0,if bthency el se ca) —1 (0,¢1)

.<a,whilebdo c) —1
(o,if bthen (c; whilebdoc) el seskip)
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