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Chapter 9

IMP: An Imperative Programming
Language

Up to now, you have been exposed to some simple, expression-oriented programming languages, which are
sufficient to demonstrate the basics of techniques for developing semantics, but seem a far cry from most real-
world programming languages. These notes introduce a language that probably has more in common with a
typical imperative programming language. The IMP language is a classic model programming language used
to teach semantics. While not still rudimentary, IMP’s syntax and semantics is substantially more complex
than what you have seen so far. Working with that complexity should give you more experience with the
techniques we have learned, and give you a taste of concepts that will be further developed later.

9.1 IMP By Example

To start off, let’s consider a few IMP programs, and ponder their behaviour.

Syntax

IMP Language syntax is structured in three layers, arithmetic expressions, Boolean expressions, and com-
mands. As we wil shortly see, the semantcs are layered similarly.

n€Z, bveBooL, X e€Loc, acAEXp, be BExp, ce€ Coum,

a = X|n|la4ala—alaxa

b = true|false|la=ala<al|-b|bAb|DVD

¢ == skip| X:=ua]cc|ifbthen celse c| whilebdoc
bv == true | false

Big-step Semantics

o € STORE = Loc — Z
ACFrG = AExXP x STORE, BCFG = BEXP x STORE, CCFG = COM X STORE

0, € STORE
0.,(X)=0
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-] : STORE x LOoC x N — STORE
o[Xo = n)(Xo)=n
U[X()HTL](X1>:O'(X1) 1fX07éX1
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[Yaxe € ACFG x N|

(enum) (eloc) (a1,0) bapxe n1 - (a2,0) Yapxe no (eplus)
(n,o) Vapxe n (X, 0) bapxe 0(X) (a1 + +az,0) Japxe n1 + 12
<a17 0> ‘U’AEXP ni <a27 U> ‘UAEXP N2 (eminus) <a1; U> Jagxe 11 <a27 U> JAExe M2 (etimes)
(a1-az,0) dapxe n1 — N2 (a1 * az,0) Yapxe N1 * N

’ilBExp C BCraG x BOOL‘

t fal
(true,o) YpExe true (etrue) (false, o) Unmxo false (efalse)

(a1,0) apxe n1 (az,0) Vapxe n2 .
(a1 == ag,0) IBExr bV (eeq) {bv = true if ny = no

bv = false if ny # no

<a17 U> JAExe M1 <a27 U> JaExe N2
(a1 < ag,0) IExe bV

(eleq) [bv=trueifny < ny
bv = false if n; > no

<b7 U> UBExe b1
<ﬁba U> IBExe b2

(enot) | buvy = trueif bv; = false
buy = false if bv; = true

<bl70> IBExe bU1 <62a0> IBExe bV2

(eand) |[bus = trueif bu; = bug = true
by A Do, bo
(b1 A b2,) pme bus buy = false if otherwise

<bl,0'> IBExe bU1 <b270> UBExe bU2
<b1 V b270> UBExe bU3

(eor) |bug = trueif buy = true or buy = true
bus = false if otherwise

NCOM C CCraG x STORE‘

————— (eskip) {a,9) bapw (eassign)
(skip, o) Jcom O (X n==a,0) Jcou 0[X — 1]
<Cl> U> Jcom o’ <027 U/> Jcom o (ese ) <b7 U> IBExp true <Cla 0> Jcom o’ (eif—t)
(c135¢2,0) doou o d (if b then ¢y else ¢, 0) Jcou 0’
(b,o) IBExr false  (c2,0) Jcon 0 (eif.f) (b,o) IBExr false (ewhile-f)
(if b then ¢; else ¢o, ) Jcou o’ (while b do ¢, ) Jcom o
(b,0) IBExe true  {¢,0) bcou o' (while bdo ¢,0”) Jcom o’ )
(ewhile-t)

(while b do ¢, o) {com 0

Pam = CoMm, OBs = STOREU {00}

evalpp : PeM — OBS
evalyp(c) = o if {(¢,0,) Jcou o
evalpyp(c) = oo otherwise

[RG: Stuffing in here a different, newer, IMP writeup. Merge these two!!]
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9.2 IMPYIMPYIMP!

Up to now, you have been exposed to some simple, expression-oriented programming languages, which are
sufficient to demonstrate the basics of techniques for developing semantics, but seem a far cry from most real-
world programming languages. These notes introduce a language that probably has more in common with a
typical imperative programming language. The IMP language is a classic model programming language used
to teach semantics. While not still rudimentary, IMP’s syntax and semantics is substantially more complex
than what you have seen so far. Working with that complexity should give you more experience with the
techniques we have learned, and give you a taste of concepts that will be further developed later.

9.3 IMP By Example

To start off, let’s consider a few IMP programs, and ponder their behaviour.

Syntax

IMP Language syntax is structured in three layers, arithmetic expressions, Boolean expressions, and com-
mands. As we wil shortly see, the semantcs are layered similarly.

n€Z, bveBooL, X eLoc, a€ AEXp, be BExp, ce€ Coum,

a = X|n|la4ala—alaxa

b == true|false|la=ala<al|-b|bAb|bDVD

¢ u= skip| X:=ua]cc|ifbthen celse c| whilebdoc
bv = true | false

Big-step Semantics

0 € STORE = Loc — Z
ACFG = AEXP x STORE, BCrG = BEXP x STORE, CCFG = COM X STORE

0, € STORE
0.(X)=0

[+ ] : STORE x Loc x N — STORE
J[XO — TL](XQ) =n
O'[XOI—>7’L](X1) :O'(Xl) if Xo #Xl
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[Yaxe € ACFG x N|

(enum) (cloc) (a1,0) bapxe n1 (a2,0) Yapxe n2 (eplus)
<na U> ‘U’AEXP n <X7 0'> JAExe U(X) <CL1 + +as, 0> Jagxe N1 + N2
(a1,0) bapxe n1 (az,0) Vapxe n2 . (a1,0) Yapxe n1 (az2,0) Yapxe no .
(eminus) (etimes)
(a1-az,0) dapxe n1 — N2 (a1 * az,0) Yapxe N1 * N2

’UBEXP C BCFaG x BOOL‘

t fal
(true, o) IBExy true (ctrue) (false, o) ppxe false (efalse)

<a1,0> Jarxe M1 <6L2,U> UAaExp N2

(a1 == ag,0) IBExr bV (eeq) [bv=trueif n; =ng
, . bv = false if ny # no

<Ufl7 U> ‘U/AEXP ni <a2a 0'> ‘U’AEXP UP)
<a1 < a270'> IBEXP bV

(eleq) [bv=trueifn; < ngy
bv = false if nqy > no

(b, o) IBExe bu1
<ﬁb7 U> UBExe b2

(enot) [buvy = true if by, = false
buy = false if bv; = true

(b1, 0) Iexe b1 (b2,0) IBEXP bU2
(b1 A b2, o) IBEXP bUS

(eand) |buvz = true if bv; = bvy = true
bug = false if otherwise

by, b ba, b
(b1, ) ll?bEXi/ bvl U><U2 o) %j}EXP 2 (eor) {bvg = true if by, = true or bvy, = true
1 2, BExp 3

bvy = false if otherwise

’UCOM C CCraG x STORE‘

<a, U) Jagxe 1

i .
(skip, o) Jcom o (eskip) (X n==a,0) Jcou 0[X — 1] (eassign)
<017 ‘7> Jcom o’ <023 0'/> Jcom a” <ba (7> IBExp true <017 U> Jcom o’ .
— - (eseq) - — (eif-t)
(c15;¢2,0) Jcom 0 (if b then ¢; else c2,0) Jcom o
(b, o) IBExe false  (c2,0) bcom 0’ (i) (b,0) IBEXe false (ewhilef)
(if b then ¢; else ¢2,0) Jcou o’ (while b do ¢, o) Jcou o
(b,0) UpExe true  {c,0) Ycom 0’ (while bdo ¢,y oo 0" )
(ewhile-t)

(while b do ¢, ) {com "

Pam = CoMm, OBs = STOREU{oo}

evalpyp : PGM — OBS
eval]Mp(c) =oif <C7 Uz> ‘UCOM g
evalryp(c) = oo otherwise
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