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1 Syntax

The syntax of K- is:

E — num | true | false | unit
| z
| call f(E) | call f<a>
|E+E|E-E|ExE|E/E
| E=FE|E<E|notFE
|z :=FE
| E; E
| if E then F else E end | if F then F end
| while F do E end | for z := E to F do E end
| read « | write E
| let  := E in E end | let procedure f(x) = E in F end
| {z1 :=E1, 22 :=Ex}' |E.x | Ex :=F
| malloc(E) | &x | *E | E := E

1.1 Numbers

Numbers are integers, optionally prefixed with - for negative integer: -7 [0-9]+.

1.2 Identifiers

Alpha-numeric identifiers are [a-zA-Z] [a-zA-Z0-9_]*’*. Identifiers are case
sensitive: z and Z are different. The reserved words cannot be used as identifiers:
true false call not if then else end while do for to read write let in
procedure malloc unit
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IFor the sake of concision, we assume that a record has only two fields.



1.3 Procedence / Associativity

In parsing K- program text, the precedence of the K- constructs in decreasing
order is as follows. Symbols in the same set have identical precedence. Symbols
with subscript L (respectively R) are left (respectively right) associative.

{‘}Lv
{not,&7*}R,
{*,/}r,
{+7_}L7
{<}L7

{=}Lv
{:=}R7
{write},

il

Rule of thumb: for your test programs, if your programs are hard to read
(hence can be parsed not as you expected) then put parentheses around.

1.4 Comments

A comment is any character sequence within the comment block /* */. The
comment block can be nested.

2 Dynamic Semantics

o € Env = 1d ™5 (Loc + Procedure)
x,y,f € Id
(b,0),l € Loc = Base x Offset
Offset = Z
(x,E,0) € Procedure = IdxE x Env
M € Mem = Loc 3 Val
v € Val = Z+ B+ Record+ Loc+ {-} +{L}
n € 7Z
tf € B = {T,F}
{z1— 11,22 — la},r € Record = Id3 Loc
Notation:
e We write {1 — vy, -+, 2, — v,} for a finite function f. The domain

dom(f) is {1, -0},
o We write f(z) forvifz—wve f. f z — v & f then f(x) is not defined.

o We write f[v/z] for

fu{z—wv} ifx & dom(f)
(f\{z = fl@)h) U{z o} if € dom(f).



The semantics rules precisely defines how relations of the form
o M~FE| v M

to be inferred. The relation is read “expression E computes value v and memory
M’ under environment o and memory M.”

Definition 1 (Program’s Semantics). A program E’s semantics is defined to
be the inference tree of relation O, E | v, M for some v and M. If there is
no such v and M, then the expression has no meaning.

o MbEnln M o, M Funit || -, M
o,MF true | T, M o,MF false || I, M
M(o(z)) =v

oM&Fx|v,M
O'(f):<$,E1,0'1> UaM}_E‘U”UhMl
L¢g My o[l/z][(x, Er,00)/f], Ma[vi /U] F By 4 vg, My
o, M call f(E) | vo, My

U(f) = <y7E1701> Ul[a(‘r)/y][<y7El>Ul>/f]7M = El ‘U’ U17M1
o, M F call f<x> || v, My

o, M&FE | v, M o, My & Ey |} vo, My plus(vy,ve) = v
O',MFEl‘FEQ»U,’U,MQ

o, M+ Ey | v, M o, M|+ Ey || vy, My minus(vy,vg) = v
O',MFEl - EQU/U,MQ

o, M & Ey )l ny, My o, My = Ep || na, My
O',MFEl * Egllnl XTLQ,MQ

o, M+ Ey | ni, My o, M1 F E3 || na, Mo
O',MFEl / EQU«TM div TLQ,MQ
o, M & Ey | v, My o, My + Ey | vy, My equal(vy,vg) = tf
O’,MFE1= EQ\U/tf,MQ
o, M+F Eqy | vy, My o, My b Ey |} va, My less(vy,v2) = tf
U,M"E1< EQU/tf’MQ
oM+ E | tf, My
o, M not E | not tf, M,
o(xz) =1 o,M+ E |} v, My
oo MbFx:=FE| - M[v/l]
o, M & Ey v, My o, My & Ey || va, Mo
U,M"El ; EQU/U27M2




O’,M"EllLT,Ml U,Ml}_EQUU,Mg
o,M F if F; then F5 else E3 end | -, Mo

O',MFEllLF,Ml U,MlFEgll’U,MQ
o,M F if F; then F5 else F3 end | -, M>

O',MFEllLT,Ml CT,MlFEQ‘U’U,MQ
o,M F if F; then FE5 end |} -, My

(77MFE1 U«F,Ml
o,M F if F4 then F5 end |} -, My

O',M = El U, T‘7 M1
o, My + Ey |} v, Ms 0, M5 t-while F7 do Es end |} -, M3
o,M F while E; do E5 end |} -, M3

O',M"El UF,Ml
o,M F while E; do E5 end | -, M

O'(Z‘):l U,M"Elllnl,Ml
O',Ml |_E2 U/n27M2 ni1 S o O’,MQ[’I’Ll/Z] }_E3\U,’U,M3
o,M3tF forx :=n;+1to Ey do F5 end || -, My
o,MF for x := F; to Ey do F3 end | -, My

O'(J?):l O',MFElanl,Ml O',MlkEQU«’ILQ,MQ ny > N9
o,Mt for x := Ey to Ey do E5 end || -, M3[n,/]]

o(x) =1 read n
o, Mt read z || -, M[n/l] read n
o MEE|n, M write n
o, M Fvwrite E |} -, M, write n

(T,MFEl‘UUhMl l¢d0m(Ml) O'[l/l‘},Ml[’Ul/”FEQU«’UQ,MQ
o,MF1let x := Ey in F5 end |} vy, M>

O'[<$,E1,0’>/f],M H E2 U U,Ml
o, M I let procedure f(z) = Ey in E3 end | v, My

x1 79962
U,M"EllL’Ul,Ml U,Ml}_EQUr’UQ’MQ ll,lgngm(Mg) ll#lg

O‘,M [ {56'1:: El, o = Eg} l} {.’1?1 = ll,fL'Q [d lQ},Mg[’Ul/h][vg/lg}

o, M+ E | r M
oM+ E.x | M(r(x)), My

o, M= Ey ) r M r(z) =1 o, M+ Ey | v, M,
O’,Ml— El.:L‘ = E2 U, -,MQ[’U/I]



o MFEJ|n, M (b,0),---,(b,n—1) & dom (M)
o, M Fmalloc(E) | (b,0), M1[L/(b,0),---, L/{(b,n —1)]

o, MFE 1M

o, MF&xlo(x), M o, M+ *E | My(l), My
O',MFElull,Ml lEdom(Ml) O',MlkEQU«’U,MgEl#m
o,MF Ey := Ey | v, Ma[v/]] E\#E.x
plus(ny,na) =2 ng+ne minus(ny, ne) = np—ng
plus({b,0),n) = (b,o+n) minus((b, 0),n) = (ho—n)
plus(n, (b,0)) = (bo+n) minus((b,01),(b,02)) = 01— 09
less(ny, ng) = ny<ng
less({b,01),(b,02)) = 01 <09
less(-,-) = F
equal(ni,nz) = np=ng
equal(tfy, tf) = th=1f
equal((by,01), (b2,02)) = (b1 =b2) A (01 = 02)
equal(ry, r2) = dom(r1) = dom(rg) A VYa € dom(ry).equal(ri(x),re(x)) =T
equal(-, -) = T

?means “defined by”



