4190.310 Programming Language
The K-- Language

1 Syntax
FExpression e — unit unit

| =z :=¢ assignment
| e ; e sequence
| if e then e else e branch
| while e do e while loop
| read z input
| write e output
| let z := e in ¢ variable binding
| n integer
| true | false boolean
| = identifier
| e+e | e-e | ex*xe | e/ e arithmetic operation
| e<e | e=e | note conditional operation

1.1 Program

A program is an expression.

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: unit
true false not if then else let in end while do read write

1.3 Numbers/Comments

Numbers are integers, optionally prefixed with -(for negative integer): -?[0-9]*.
A comment is any character sequence within the comment block (* *). The
comment block can be nested.



1.4 Precedence/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. Sym-
bols with subscript L (respectively R) are left (respectively right) associative.
Symbols without subscript are nonassociative.

{not}rg,
{*,/}L,
{+7_}L’
{=7<}L’
{write}g,
{:=}R’
{else},
{then},
{do},
Y,
{in}

For example, K-- program

x := el; e2 = (x :=el) ; e2
while e do el; e2 = (while e do el); e2
if el then e2 else e3; e4 = (if el then e2 else e3); e4

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.

2 Domains

n € Z integer

b € B boolean

v € Val = Z+B+{}
o € Em = Id3 Addr

M € Mem = Addr= Val
T,y € Id identifier

l € Addr address



3 Semantics

[True]
o, M - true = true, M
[False]
o, M \- false = false, M
[Num]
oo MFn=nM
[Unit]
o, M Funit = - M
Var
[Va] o MbFax= M(o(x)), M
[Add} U,M}_ej :>n1,M/ U,MI|_62:>712,M//
o MFe; + ey =ng+ng, M’
[S b] (T,MFG] :>n1,M/ U,MIF62:>TL2,MH
u
o MFe; - eg=ny —ng, M’
o e;r = nq o €2 = N2
Ml , M+ M LM+ , M
b o, MFe;) X es = ny Xng, M”
o e;r = N o €2 = N2
Div] , M+ M M= , M
i
v o, Mt e; / es = ny/ng, M"
BqualTrue] oMt e; = v, M o, M\ ey = vy, M" v = Vg
ualTrue
d o, M&e; = ey = true, M"
EqualFalse] oo MFe =uv, M o, M F ey = vy, M” vy # Vg
d o, Mt e; = ey = false, M"
Tess| o MFe =n, M o, M F ey = ny, M"
ess
o MFe; < ey =mn; <ng, M
Not] o, M & e=b,M
0

o, M - not e = not b, M’



oM e= v, M

Assign
[Assign] o MkEx = e=v,M{o(z)— v}
Seq] oMb e; = v, M o, M\ eg = vo, M"
e
d o MFe; ; ey = vy, M
I True] o, M\ e = true, M’ oM *e; = v, M
rue
o,MF if e then e; else ey = v, M”
(IFalsc] o, M\~ e = false, M’ oM F ey =v, M
alse

o,M - if e then e; else ey = v, M"

o, MFe; = true, M’
[WhileTrue] o, M'F ey = v, My o, My Fwhile e; do ez = vo, My

o, M Fwhile e; do ey = vy, My

o, M\ e; = false, M’
o,M Fwhile e; do ey = -, M’

[WhileFalse]

oo MFe; =v, M
[Let] o{z =1}, M'{l v}t e =, M" I ¢ Dom M’
o, MFlet ¢ := e; in e =, M"

[Read] o, M+ read z = n, M{o(z) — n}

o MFe=n,M
o, M- vrite e = n, M’

[Write]



