Lecture #6: Small-step Operational Semantics
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February 8, 2024

1 Syntax

commands c:=sgkip | ¢1;¢2 | v:=a | if b then ¢; else ¢; | while bdo ¢
boolean expressions b:=true | false | ay<=ay | by &&by | by |1 by |10

arithmetic expressions a:=mn | v | aj+as | a1 -as | a3 *as

variable names v

integer constants n

2 Small-step Operational Semantics
2.1 Commands

{er,0) = (c),0)

(c15¢9,0) = (c]; ¢, 0") (1)
(skip;cz,0) = (c2,0) (2)
{(a,0) =, (d,0)
(vi=a,o0) =, (v:=d,0") )
(vi=n,o) —, (skip,o[v — n)) (4)
(b,o) —, (V/,0") 5)
(if b then ¢; else ¢y,0) —, (if I’ then ¢; else ¢y, 0')
(if true then ¢; else ¢z,0) —, (c1,0) (6)
(if false then ¢ else ¢y,0) —, {(¢2,0) (7)
(while b do ¢,0) —, (if b then (¢;while b do ¢) else skip, o) (8)



2.2 Boolean Expressions

—, (true, o)

ny > Ny

(n1<=ng, o) —, (false,o)

(by,0) —, (b, 0"y ope{&&, ||}

(b1 0p ba,0) =1 (b} 0op by, 0")
(true && by, o) —, (by, 0)
(false&& by, 0) —, (false, o)

(true || by, 0) —, (true, o)

(false | | by, 0) =, (by, 0)
(b,a) = (V',0")
(b a) = (¥,
(ltrue, o) —, (false, o)
(Ifalse,0) —, (true,o)

2.3 Arithmetic Expressions

(v,0) =, (a(v),0)

<CL1,U>—>1 <CL/1,O'/> 0p€{+7_7*}

(a1 op ag, o) —, (a} op as, o’)

{ag,0) =, (a5, 0")  opc{+, -, *}

(n1 op ag, o) =, (ny op ay,o’)
(n1+n2,a> — <Tl1 -+ n2,0>
_>1 <TL1

<n1—n2,a —n2,0>

(N1 *ng,0) =, (NN, o)



