Programming Language Theory, homework 2 A4M36TPJ, WS15/16

Homework assignment

Use the template source file (hw2.wl in your repository), implement the semantics and the type
system described bellow.

Grammar rules

program ::= CBlock[{statementSequence}]
statementSequence := €|
statement|

statement, statementSequence
statement ::= CDeclare[type, var Namel]|
expression|
CW hilelexpression, { statementSequence}]
expression ::= number|
varName|
C Assign[var Name, expression]|
COperator|[unaryOp, expression]|
COperator[binaryOp, {expression, expression}]
unaryOp ::= Minus|
Not
binaryOp ::= Plus|
Subtract|
Times|
Divide]
Greater|
Greater Equal|
Less|
LessEqual|
Equal]
Unequal|
And|
Or
type ::= int|
double

Semantics

Convention: k, k1, ks € {numberU{Null}}, e,eq,es € expression, stmSeq € {statementSequence}, stmx €
statementSequence and -, + are standard operators on numbers. Result of logical operations on
numbers is 0 if false, 1 if true.

Block rule:
(s, {stmx}) = (s',0)

(s, CBlock[{stmx}]) = (s',0)
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Statement sequence rules:

(s,{}) = (s, Null)

(s,stm) = (s',01) (8, {stmx}) = (s",02)
(s, {stm, stmx}) = (8", 02)

Statement rules:

(s,CDeclare[type, var]) = (s[var — Undefined], Null)

(s,e) = (s, k)ANk=0
(s, While[e, {stmx}]) = (s', Null)

(s,e) = (s k) Nk#0 (s,{stmx}) = (5", k1) (s",While[e, {stmx}]) = (s, ko)

(s, While[e, {stmx}]) = (s, Null)

Expression rules:

(s, k) = (s,k)

(s,var) = (s, s[var])

(s,e) = (', k)
(s, CAssignlvar, e]) = (s'[var — k], k)

Unary operator rules:

(s,€) = (5", )
(s, COperator[Minus,e]) = (s, —k)

(s,e) = (s, k)ANk=0
(s, COperator[Not,e]) = (s',1)

(s,e) = (s, k)ANk#0
(s, COperator[Not,e]) = (s',0)

Binary operator rules:

(s,e1) = (s', k1) (8,e2) = (8", ka)
(s, COperator[Plus,{el,e2}]) = (s", k1 + ko)

(s,e1) = (s, k1) (s e2) = (8", ka)
(s, COperator[Subtract, {el, e2}]) = (s", k1 — ka)
(s,e1) = (s, k1) (5" €2) = (5", ko)
(s, COperator[Times, {el,e2}]) = (s”, k1 - k2)
(s,e1) = (8', k1) (s'yea) = (8", ka) Nka #0
(s, COperator[Divide, {el, e2}]) = (s", k1 + ko)

(s,e1) = (s, k1) (s e2) = (s",ka) Nk =0
(s, COperator[Divide, {el, e2}]) = (s”,$Failed)

(8,61) = (S/, kl) (S/,eg) = (S”,kjg) ANky > ko
(s, COperator|Greater,{el,e2}]) = (s”,1)

(15)

(16)

(17)

(18)

(19)
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(s,e1) = (', k1) (s',e2) = (8", ha) Ny < ko
(s, COperator|Greater, {el, e2}]) = (s”,0)

(8761) = (S/, kl) (S/,Gg) = (S/I,kg) A\ kl > kz
(s, COperator|Greater Equal, {el, e2}]) = (s",1)

(8,61) = (8/, kl) (8/,62) = (Sll,kg) ANk < ko
(s, COperator|Greater Equal, {el, e2}]) = (s”,0)

(s,e1) = (8 k1) (8 ea) = (8" ko) N1 < ko
(s, COperator|Less,{el,e2}]) = (s",1)

(s,e1) = (8", k1) (s e2) = (", ko) N1 > ko
(s, COperator|Less,{el,e2}]) = (s",0)

(s,e1) = (8", k1) (s',e2) = (8", ko) N1 < ko
s,COperator|LessEqual, {el, e2}]) = (s",1)

(

(8,61) = (S/, kl) (8/762) = (S//,kg) ANk > ko

(s, COperator[LessEqual, {el, e2}]) = (s”,0)

(s,e1) = (s, k1) (s ea) = (8", ko) N1 = ko
(s, COperator|Equal, {el,e2}]) = (s”,1)

(8,61) = (8/, kl) (8/,62) = (Sll,kg) A kq # ko
(s, COperator|Equal, {el,e2}]) = (s”,0)

(5,61) = (S/, kl) (5/,62) = (S//,k'g) A kl 7£ kz

(s, COperator|Unequal, {el,e2}]) = (s",1)

(S, 61) = (S/, kl) (Sl, 62) = (S”, ]{12) A ]ﬁ = ]{12
(s, COperator|Unequal,{el,e2}]) = (s",0)

(8761) = (S/,kl) ANk =0
(s, COperator[And, {el, e2}]) = (s',0)

(8,61) = (S/,/ﬁ) Nky #0 (8/762) = (S”,kg) Nko =0

(s, COperator[And, {el,e2}]) = (s”,0)
(s,e1) = (k1) ANk1 #0 (s ea) = (s, ko) Nka #0

(s, COperator[And, {el,e2}]) = (s",1)

(s,e1) = (s', k1) ANk £0
(s, COperator[Or,{el,e2}]) = (s',1)

(s,e1) = (8, k1) N1 =0 (s',e2) = (8", ko) ANka #0

(s, COperator|Or,{el,e2}]) = (s”,1)

(5,61) = (S/,kl) ANk =0 (5/,62) = (S”,kz) Nky =0

(s, COperator|Or,{el,e2}]) = (s",0)

(27)

(28)

(29)

(30)
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Type rules

Convention: e,eq,es € expression, d € Double, n € Integer, var € varName, stmSeq €
{statementSequence}, stmx € statementSequence and t € {int, double}.

_— 37
I'-n:int (37)
I'd: double (38)
I'F {stmx}:o (39)
I' b CBlock[{stmx}] : o
FE{}:0 (40)
I'Fe:t T'F {stmx}:0 (41)
I'F {e, stmx} : o
I'kFe:int T'Fwvar: double (42)
'+ CAssign[var, e] : double
I'kFe:t T'Fwar:t
43
'+ CAssign[var,e] : t (43)
'k CAssign[var,e] : t T F {stmx}:o (44)
I' - {CAssign[var, €], stmx} : o
var & dom(T) (45)
I' F CDeclare[type, var] : ¢
'+ CDeclare[type, var] : © T'U (var, type) - {stmx} : ¢ (46)
'+ {CDeclare[type, var], stmx} : ©
'kFe:t stmSeq:o (47)
I'F CWhilele, stmSeq] : ©
'+ CWhilele, stmSeq] : o T F {stmx} : ¢ (48)
I'F {CWhilee, stmSeq], stmx} : o
49
'+ war : T(var) (49)
It wvar: T(var) TF {stmx}:o (50)
Ik {var, stmx} :
Fe:t (51)
'+ COperatorlunaryOp,e] : t
I' F COperatorjunaryOp,e] : t T+ {stmx} : o (52)
I+ {COperator[unaryOp, ], stmx} : o
I'kej:int T'Fey: double (53)
I' F COperator[binaryOp, {e1, e2}] : double
I' e :double T Feq:int (54)
'+ COperatorbinaryOp, {e1,ea}] : double
I'Fe :t They:t (55)
I' = COperatorbinaryOp, {e1,e2}] : t
I' - COperatorbinaryOp, {e1,e2}] : t T'F {stmx} : o (56)

I' - {COperator[binaryOp, {e1, e2}], stmx} : o



