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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, bv ∈ Bool, X ∈ Loc, a ∈ AExp, b ∈ BExp, c ∈ Com,
a ::= X | n | a + a | a−a | a ∗ a
b ::= true | false | a = a | a ≤ a | ¬b | b ∧ b | b ∨ b
c ::= skip | X := a | c; c | if b then c else c | while b do c

bv ::= true | false

Big-step Semantics

σ ∈ Store = Loc → Z
ACfg = AExp × Store, BCfg = BExp × Store, CCfg = Com × Store

σz ∈ Store
σz(X) = 0
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·[· 7→ ·] : Store × Loc × N → Store
σ[X0 7→ n](X0) = n

σ[X0 7→ n](X1) = σ(X1) if X0 6= X1
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⇓AExp ⊆ ACfg × N

〈n, σ〉 ⇓AExp n
(enum)

〈X,σ〉 ⇓AExp σ(X)
(eloc)

〈a1, σ〉 ⇓AExp n1 〈a2, σ〉 ⇓AExp n2

〈a1 ++a2, σ〉 ⇓AExp n1 + n2
(eplus)

〈a1, σ〉 ⇓AExp n1 〈a2, σ〉 ⇓AExp n2

〈a1-a2, σ〉 ⇓AExp n1 − n2
(eminus)

〈a1, σ〉 ⇓AExp n1 〈a2, σ〉 ⇓AExp n2

〈a1 ∗ a2, σ〉 ⇓AExp n1 ∗ n2
(etimes)

⇓BExp ⊆ BCfg × Bool

〈true, σ〉 ⇓BExp true (etrue)
〈false, σ〉 ⇓BExp false (efalse)

〈a1, σ〉 ⇓AExp n1 〈a2, σ〉 ⇓AExp n2

〈a1 == a2, σ〉 ⇓BExp bv (eeq)
®

bv = true if n1 = n2

bv = false if n1 6= n2

〈a1, σ〉 ⇓AExp n1 〈a2, σ〉 ⇓AExp n2

〈a1 ≤ a2, σ〉 ⇓BExp bv (eleq)
®

bv = true if n1 ≤ n2

bv = false if n1 > n2

〈b, σ〉 ⇓BExp bv1
〈¬b, σ〉 ⇓BExp bv2

(enot)
®

bv2 = true if bv1 = false
bv2 = false if bv1 = true

〈b1, σ〉 ⇓BExp bv1 〈b2, σ〉 ⇓BExp bv2
〈b1 ∧ b2, σ〉 ⇓BExp bv3

(eand)
®

bv3 = true if bv1 = bv2 = true
bv3 = false if otherwise

〈b1, σ〉 ⇓BExp bv1 〈b2, σ〉 ⇓BExp bv2
〈b1 ∨ b2, σ〉 ⇓BExp bv3

(eor)
®

bv3 = true if bv1 = true or bv2 = true
bv3 = false if otherwise

⇓Com ⊆ CCfg × Store

〈skip, σ〉 ⇓Com σ
(eskip)

〈a, σ〉 ⇓AExp n

〈X ::== a, σ〉 ⇓Com σ[X 7→ n]
(eassign)

〈c1, σ〉 ⇓Com σ′ 〈c2, σ′〉 ⇓Com σ′′

〈c1; ; c2, σ〉 ⇓Com σ′′ (eseq)
〈b, σ〉 ⇓BExp true 〈c1, σ〉 ⇓Com σ′

〈if b then c1 else c2, σ〉 ⇓Com σ′ (eif-t)

〈b, σ〉 ⇓BExp false 〈c2, σ〉 ⇓Com σ′

〈if b then c1 else c2, σ〉 ⇓Com σ′ (eif-f)
〈b, σ〉 ⇓BExp false

〈while b do c, σ〉 ⇓Com σ
(ewhile-f)

〈b, σ〉 ⇓BExp true 〈c, σ〉 ⇓Com σ′ 〈while b do c, σ′〉 ⇓Com σ′′

〈while b do c, σ〉 ⇓Com σ′′ (ewhile-t)

Pgm = Com, Obs = Store ∪ {∞}

evalIMP : Pgm → Obs
evalIMP(c) = σ if 〈c, σz〉 ⇓Com σ
evalIMP(c) = ∞ 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, bv ∈ Bool, X ∈ Loc, a ∈ AExp, b ∈ BExp, c ∈ Com,
a ::= X | n | a + a | a−a | a ∗ a
b ::= true | false | a = a | a ≤ a | ¬b | b ∧ b | b ∨ b
c ::= skip | X := a | c; c | if b then c else c | while b do c

bv ::= true | false

Big-step Semantics

σ ∈ Store = Loc → Z
ACfg = AExp × Store, BCfg = BExp × Store, CCfg = Com × Store

σz ∈ Store
σz(X) = 0

·[· 7→ ·] : Store × Loc × N → Store
σ[X0 7→ n](X0) = n

σ[X0 7→ n](X1) = σ(X1) if X0 6= X1
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⇓AExp ⊆ ACfg × N

〈n, σ〉 ⇓AExp n
(enum)

〈X,σ〉 ⇓AExp σ(X)
(eloc)

〈a1, σ〉 ⇓AExp n1 〈a2, σ〉 ⇓AExp n2

〈a1 ++a2, σ〉 ⇓AExp n1 + n2
(eplus)

〈a1, σ〉 ⇓AExp n1 〈a2, σ〉 ⇓AExp n2

〈a1-a2, σ〉 ⇓AExp n1 − n2
(eminus)

〈a1, σ〉 ⇓AExp n1 〈a2, σ〉 ⇓AExp n2

〈a1 ∗ a2, σ〉 ⇓AExp n1 ∗ n2
(etimes)

⇓BExp ⊆ BCfg × Bool

〈true, σ〉 ⇓BExp true (etrue)
〈false, σ〉 ⇓BExp false (efalse)

〈a1, σ〉 ⇓AExp n1 〈a2, σ〉 ⇓AExp n2

〈a1 == a2, σ〉 ⇓BExp bv (eeq)
®

bv = true if n1 = n2

bv = false if n1 6= n2

〈a1, σ〉 ⇓AExp n1 〈a2, σ〉 ⇓AExp n2

〈a1 ≤ a2, σ〉 ⇓BExp bv (eleq)
®

bv = true if n1 ≤ n2

bv = false if n1 > n2

〈b, σ〉 ⇓BExp bv1
〈¬b, σ〉 ⇓BExp bv2

(enot)
®

bv2 = true if bv1 = false
bv2 = false if bv1 = true

〈b1, σ〉 ⇓BExp bv1 〈b2, σ〉 ⇓BExp bv2
〈b1 ∧ b2, σ〉 ⇓BExp bv3

(eand)
®

bv3 = true if bv1 = bv2 = true
bv3 = false if otherwise

〈b1, σ〉 ⇓BExp bv1 〈b2, σ〉 ⇓BExp bv2
〈b1 ∨ b2, σ〉 ⇓BExp bv3

(eor)
®

bv3 = true if bv1 = true or bv2 = true
bv3 = false if otherwise

⇓Com ⊆ CCfg × Store

〈skip, σ〉 ⇓Com σ
(eskip)

〈a, σ〉 ⇓AExp n

〈X ::== a, σ〉 ⇓Com σ[X 7→ n]
(eassign)

〈c1, σ〉 ⇓Com σ′ 〈c2, σ′〉 ⇓Com σ′′

〈c1; ; c2, σ〉 ⇓Com σ′′ (eseq)
〈b, σ〉 ⇓BExp true 〈c1, σ〉 ⇓Com σ′

〈if b then c1 else c2, σ〉 ⇓Com σ′ (eif-t)

〈b, σ〉 ⇓BExp false 〈c2, σ〉 ⇓Com σ′

〈if b then c1 else c2, σ〉 ⇓Com σ′ (eif-f)
〈b, σ〉 ⇓BExp false

〈while b do c, σ〉 ⇓Com σ
(ewhile-f)

〈b, σ〉 ⇓BExp true 〈c, σ〉 ⇓Com σ′ 〈while b do c, σ′〉 ⇓Com σ′′

〈while b do c, σ〉 ⇓Com σ′′ (ewhile-t)

Pgm = Com, Obs = Store ∪ {∞}

evalIMP : Pgm → Obs
evalIMP(c) = σ if 〈c, σz〉 ⇓Com σ
evalIMP(c) = ∞ otherwise
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