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Today’s Lecture

® We specify a syntax for a turing complete
language |++.

® Ve design type rules for |++.

® We specify operational semantics.




|++

® |++ is a simple imperative language.

® Ve start with a basic version of the
language, which contains expressions,
commands and variables.

® After that we will add new features into the
language as: iteration and functions.
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|++ Syntax (Expr)

Expr ::= Num |
Bool |
ANExpr |
Expr © FExpr |
Expr < Expr |
Expr nand Fxpr |
if Fxzpr then FEuxpr else FExpr |

VarName
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|++ Syntax

Type ::= Number | Boolean
Cmd ::= Type VarName |
VarName = Expr

Program ::= Cmd; Program |

C'md,

Ctvrtek, 17. fijna 13



BOS Semantics (I)

n € Num,b € Bool,s € (VarName — (Num U Bool))

(s,n) =n

(s,b) = b




BOS Semantics (2)

e,e’ € Expr,n,n’ € Num,b € Bool,s € (VarName — (Num U Bool))

(s,e) =n (s,¢)=n
(s,e®e')=n+n
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BOS Semantics (3)

e,e’ € Expr,n,n’ € Num,b,b' € Bool,s € (VarName — (Num U Bool))

(s,e) =n (s,¢)=n
(s,e<e)y=n<n

(s,e) =b (s,e)=1V
(s,e nand ¢€') = not(b && V)

Ctvrtek, 17. fijna 13



BOS Semantics (4)

t € (Num U Bool),e1,es € Expr,b € Bool,s € (VarName — (Num U Bool))

(s,0) = false (s,eq) =1t
(s,if b then e else ey) =t

(s,b) = true (s,e1) =1t
s,if b then e; else ey) =t
(
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BOS Semantics (5)

Reading a variable value

xr € VarName,s € (VarName — (Num U Bool))

(s,x) = s(x)




BOS Semantics Open
Issues

=€ (VarName — (Num U Bool)) x Expr x (Num U Bool)

® How can we realize assighment in BOS for
|++?




BOS Semantics (6)

r € VarName,s € (VarName — (Num U Bool)),t € { Number, Boolean}

—¢c (VarName — (Num U Bool)) x Expr x (VarName — (Num U Bool))

Declaration is an axiom! Why!?

(s,t x) = s
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BOS Semantics (7)

x € VarName,s € (VarName — (Num U Bool)),e € Expr,v € Num U Bool




BOS Semantics (8)

s,s',s" € (VarName — (Num U Bool)), ¢c,p € Command

(s,¢) = s" (s,p) = 5"
(5,¢; p) = 5"




Type Rules (1)

I'=n: Number

I'=06: Boolean




Type Rules (2)

'~ e: Number
I' = Ae: Number

I'e: Number T'F e : Number

I'Fe®e : Number
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Type Rules (3)

I'e: Number T'F e : Number
e < e : Boolean

I'+-e: Boolean T'F e’ : Boolean
e nand ¢’ : Boolean

I'-e:Boolean T'Fe':t T'He:t
I'-if e then ¢ else €e” :t
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Type Rules (4)

I'Fov:T'(v)
I'Fov:t T'He:t
I'Fyv=e:¢

v & dom(T)
I'Ftv:o




Type Rules (5)

I'Fv=e:¢o I'Fp:o
I'Fv=e; p:o

'Ftov:o TU{(v,t)}Fp:o
I'Ftv; p:o




Iteration

® VWe add a new statement while with the
following syntax:

Cmd ::= while FExpr do Program end




BOS While Semantics

(s,e) = true (s,c) = s (s’',while e do c end) = s"

(s, while e do c end) = s’

(s,e) = false
(s, while e do ¢ end) = s
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Type Rule - While

I'Fe: Boolean 1'FHc:o
I' = while e do c end : ¢




Adding command ++

® Ve want to have a ++ command in |++
language.

® This command can be used with variables
of type Number.




BOS ++ Semantics

(s,var) = s\var — (s(var) 4+ 1)]




Type Rule - ++

I' = var : Number

I'-var + 4+ : ¢




Functions

int f(int x) {
return x+50;

5
f(20)




Functions

® We add a new syntax construct, to define a
function and to call a function:

Cmd ::= Type FunName(Type VarName){return Expr}
Ezpr ::== FunName(Expr)

Ctvrtek, 17. fijna 13



