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‘wv |UQQ@
Type Checking 14

xtOkt 1»14

"Q}N =} Ovm|t |wQ}B ‘wv Oa=wk R= |OwQw |xt=vQ@ =}; xm Ovm |UQQ@ O}=@ Qr}=Bt=m l} •

"OwW|t x@U=Lt w |Q=Oyov Qr}=Bt=m \UwD (Data Types) |=xO=O ‘=wv= x@ \w@ Qt C=aq]= •

‘wv |UQQ@ ’u; |xi}_w xm CU= Qr}=Bt=m l} R= |rwS=t (Type Checker) ‘wv Qo|UQQ@ l} •
"OW=@|t

H
p=Ft

%‘wv Qo|UQQ@ h}=_w R= |}=yp=Ft

"CU= xOW h} QaD K}LY |=yOvwrta |=Q@ =yvD mod Qorta “1

"OW=@ K}LY OOa l} O}=@T}Ov= u}= w OQ=O =vat x}=Q; l} |=Q@ =yvD |Q=PoT}Ov= “2

"OW=@ xDW=O CUQO ‘wv R= QDt=Q=B w u=twoQ; |k}kO O=OaD O}=@ ‘@=D l} “3

. . . “4

N

"OW=@ (Dynamic) =}wB =} (Static) =DU}= CQwY x@ Ov=wD|t ‘wv |UQQ@ •

"OQ=O s=v =DU}= |UQQ@ ’OwW|t s=Hv= p}=Bt=m u=tR QO xm |awv |UQQ@ –
"OQ=O s=v =}wB |UQQ@ ’OwW|t s=Hv= =QH= u=tR QO xm |awv |UQQ@ –

|UQQ@ |=Q@ u; R= w Ovvm|t xO=iDU= =DU}= ‘wv |UQQ@ R= ,=U=U= C w Java ’p=mU=B Ovv=t |}=yu=@ R •
Scheme w Perl ’Python ’Lisp Ovv=t |}=yu=@ R "OvQ@|t xQy@ u; |=QH= R=V}B xt=vQ@ |DUQO

"Ovvm|t xO=iDU= =} wB ‘wv |UQQ@ R=

"CU= O}it R}v =yQ}eDt |R=UxQ}NP |=Q@ sRq |x_i=L u=R}t u}}aD |=Q@ ’=DU}= ‘wv |UQQ@ •

Oa=wk w u=@ R ‘wv |=yCQ=@a ’u=@ R |=yxR=U |wLv Q=DN=U x@ xDU@=w ‘wv Qo|UQQ@ l} |L=Q] •

"CU=yxR=U x@ =y‘wv ?=UDv=

‘wv |=yCQ=@a 2»14

"OyO|t u=Wv =Q u=@ R |xR=U l} ‘wv ’‘wv CQ=@a l}
%OwW|t xDN=U =y‘wv Qo}O R= ‘wv |=yxOvR=U |Q}oQ=m@ =@ =} CU= x}=B ‘wv l} ’‘wv CQ=@a l}

1



‘wv |=yCQ=@a 2

’char ’boolean ’real ’int Ovv=t ’CU= ‘wv CQ=@al} (Basic Type) x}=B ‘wvl} “1
". . .

"OyO|t u=Wv =Q |yD |xawtHt l} void |x}=B ‘wv

"OwW|t xO=O C@Uv u; x@ xm OW=@ |t=v |=Q=O Ov=wD|t ‘wv CQ=@a “2
"Ovm|tXNWt =Q ‘wv CQ=@a l} (Type Name) ‘wv s=v Qy

l} ’OwW|t p=ta= ‘wv CQ=@al} |wQ Q@ xm (Type Constructor) ‘wv |xOvR=Ul} “3
"CU= ‘wv CQ=@a

‘wv |=yCQ=@a QO ‘wv |=yxOvR=U 1»2»14

%R= OvDQ=@a ‘wv |=yxOvR=U

‘wv CQ=@a l} array(I, T ) CQwY u}= QO ’OW=@ ‘wv CQ=@a l} T Qo = %(Array) x}=Q; “1
"Ovm|t CrqO I QO |U}Ov= |xQDUo w T R= |QY=va =@ x}=Q; l} x@ xm CU=

array[1..10] of int == array(1..10, int) %Ovv=t

T1 × T2 =yv; |DQ=mO ?Q[ x=ou; ’OvW=@ ‘wv CQ=@a wO T2 w T1 Qo = %(Product) ?Q[ “2
"CU= ‘wv CQ=@a l} R}v

|UQDUO |=Q@”hrDNt |=yOr}i |=Q@|}=ys=v =@ =t= ’CU= ?Q[ x@=Wt OQwmQ %(Record) OQwmQ “3
"“OQwmQ QY=va x@

struct{double r; int i; } == double × int %Ovv=t

%CU= ‘wv CQ=@al} pointer(T ) x=ou; ’OW=@ ‘wv CQ=@al} T Qo = %(Pointer) QoxQ=W= “4
"‹T ‘wv R= |QYva x@ QoxQ=W=›

‘wv CQ=@a =@ =Q u; ‘wv CQwY u}= QO ’OW=@ ‘@=D OQ@ R w xvt=O D Qo = %(Function) ‘@=D “5
"s}yO|t u=Wv D → R

int × int → int CQwY x@ mod Qorta |=Q@ ‘wv CQ=@a %Ovv=t
char×char → intCQwY x@function f(a,b:char):int‘@=D|=Q@‘wvCQ=@a %Ovv=t

‘wv xm Cw=iD u}= =@ ’OwW|t h} QaD =yOQwmQ x@=Wt ’=Qo-|}W |=yu=@ R QO (class) Tqm "xDmv
x@ u; s=v ’Tqm l} h} QaD =@ "OwW|t h} QaD ‘@=D ‘wv R= =yODt ‘wv w =yOQwmQ x@=Wt ’Tqm |=yxO=O

"OwW|t xO=iDU= Java =} C++ QO ‘wv l} s=v u=wva

|DWoR=@ ‘wv 2»2»14

’p=Ft |=Q@ "OW=@ xOW xO=iDU= VOwN R= u;h} QaD QO xm CU= |awv (recursive type) |DWoR=@ ‘wv
%O} Q}o@ Q_v QO =Q Node ’Q} R Om xa]k QO

public class Node {...}

...

public Node n;

|=yCU}r uwJ |}=yxO=Ou=tDN=U |=Q@ xm OvwW xO=iDU= |DWoR=@ |=y‘wv h} QaD |=Q@ Ovv=wD|t =ys=v
CQwY x@ CU}r R= |QYva |=Q@ Om x@W "OvDUy sRq |Ovw}B
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3 ‘wv |UQQ@

class Cell {int info; Cell next; ...}

Cell ‘wv R= next Or}i w info Or}i |w=L xm Ovm|th} QaD |Uqm CQwY x@ =Q Cell |DWoR=@ ‘wv
"OvwW|t h} QaD =yQoxQ=W= w =yOQwmQ R= xO=iDU= =@ C u=@ R QO x@=Wt |DWoR=@ |=y‘wv "CU=

‘wv sDU}U 3»14

"xt=vQ@ l} hrDNt |=RH= x@ ‘wv |=yCQ=@a ?=UDv= |=Q@ Oa=wk R= |=xawtHt ’‘wv sDU}U l}

"OvwW|t |R=UXNWt wLv =@ xOW C}=Oy |=yxtHQD R= xO=iDU= =@ ‘wv |=ysDU}U •

"Ovm|t |R=UxO=}B =Q ‘wv sDU}U l} ‘wv Qo|UQQ@ l} •

Ov=wD@ u; Qr}=Bt=m Qo = ’OwW|t xO}t=v (Strongly Typed) ‘wv ^=Lr R= |wk u=@ Rl} %h} QaD
"OwW|t =QH= ‘wv |=]N uwO@ ’VQ}PB CQwY QO u; |OwQw |xt=vQ@ xm Ovm u}t[D

‘wv Qo|UQQ@l} |R=UXNWt 4»14

"CU= xOW xO=O C@Uv ‘wv l} =yxU=vW x@ u; QO xm xO=U u=@ R l} |=Q@ ‘wv Qo|UQQ@ l}

P → D;E

D → D;D | id : T

T → char | int | array[num] of T | ↑T

E → literal | num | id | E mod E | E[E] | E ↑

(id) xU=vWl} x@ ‘wv ?=UDv= |=Q@ wLv =@ xOW C}=Oy h} QaD 1»4»14

PRODUCTION SEMANTIC RULE

D → id : T addtype(id.entry,T.type)

T → char T.type := char

T → int T.type := int

T →↑T1 T.type := pointer(T1.type)

T → array[num] of T1 T.type := array(1..num.val, T1.type)

"OvDUy |@}mQD ‘wv R= =yxY}YN |xty •

l} ‘wv |UQQ@ R= V}B xm CW=O Ovy=wN =Q OwN ‘wv =yxU=vW |xty ’P → D;E xm =Hv; R= •
"CU= xOW xQ}NP =yO=tv pwOH QO E Ovv=t CQ=@a
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‘wv Qo|UQQ@ l} |R=UXNWt 4

(Expression)CQ=@al} x@ ‘wv ?=UDv= |=Q@ wLv =@ xOWC}=Oyh} QaD 2»4»14

PRODUCTION SEMANTIC RULE

E → literal E.type := char

E → num E.type := int

E → id E.type := lookup(id.entry)

E → E1 mod E2 E.type := if E1.type = int and E2.type = int

then int

else type error

E → E1[E2] E.type := if E2.type = int and E1.type = array(s,t)

then t

else type error

E → E1 ↑ E.type := if E1.type = pointer(t) then t

else type error

(Statement) QwDUOl} x@ ‘wv ?=UDv= |=Q@ wLv =@ xOWC}=Oyh} QaD 3»4»14

PRODUCTION SEMANTIC RULE

S → id := E S.type := if id.type = E.type then void

else type error

S → if E then S1 S.type := if E.type = boolean then S1.type

else type error

S → while E do S1 S.type := if E.type = boolean then S1.type

else type error

S → S1;S2 S.type := if S1.type = void and S2.type = void

then void

else type error

"CU= type error =} void ’QwDUO l} |=Q@ ‘wv CQ=@a
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5 ‘wv |UQQ@

(Function) ‘@=Dl} x@ ‘wv ?=UDv= |=Q@ wLv =@ xOW C}=Oy h} QaD 4»4»14

PRODUCTION SEMANTIC RULE

D → id : T addtype(id.entry,T.type); D.type := T.type

D → D1;D2 D.type := D1.type × D2.type

Fun → fun id(D) : T ;B addtype(id.entry,D.type:T.type)

B → E

E → id(EList) E.type := if lookup(id.entry)=t1 : t2 and EList.type= t1

then t2

else type error

EList → E EList.type := E.type

EList → EList,E EList.type := EList1.type × E.type

=y‘wv |RQ=sy 5»14

s}vmh} QaD O}=@ ’Ovv=O|t umtt =Q (sub-type) ‘wvQ} R =} w OvDUy ‘wv |=ys=v |=Q=O xm |}=yu=@ R |=Q@
"OvDUy RQ=sy sy =@ ‘wv wO |v=tR xJ xm

%OwW u=}@ h} QaD xvwo wO =@ Ov=wD|t =y‘wv |RQ=sy

(Structural Equivalence) |Q=DN=U |RQ=sy •

"s}yOV}=tv Q=OCyH h=Qo l} =@ =Q ‘wv h} QaD CQ=@a O}=@
"OW=@ u=Um} “=yv; |=yh=Qo ” =yv; |=yQ=DN=U Qo = \ki w Qo = OvDUy RQ=sy sy =@ ‘wv wO

"“C u=@ R %p=Ft ’CU= Q=wWO Qr}=Bt=m |=Q@ Q=m u}=”

(Name Equivalence) |tU= |RQ=sy •

"OW=@ u=Um} =yv; s=v Qo = \ki w Qo = OvDUy RQ=sy sy =@ ‘wv wO
"OwW Q=wWO |U} wvOm OwW|t ?Hwt =t= ’CU= xO=U Qr}=Bt=m |=Q@ Q=m u}=

H
p=Ft

%OvQ=O |Q=DN=U |RQ=sy X,Y,Z Q}eDt xU Qy w OvQ=O |tU= ‘wv |RQ=sy Z w X |=yQ}eDt

type vector: array[1..10] of integer;

type sequence: array[1..10] of integer;

var: X,Z: vector, Y: sequence;

N

‘wv p}O@D 6»14

%Qo = #Ow@ Oy=wN xJ x + i ‘wv

"OW=@ real ‘wv R= x “1
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‘wv p}O@D 6

"OW=@ int ‘wv R= i “2

"OwW xO=iDU= K}LY w |k}kL O=Oa= |wQ Q@ pta |=Q@ u}W=t hrDNt |=yptar=QwDUO “3

x@ Qr}=Bt=m \UwD ‘wv p}O@D |=Q@ |YNWt Oa=wk O}=@ ’CQwY Qy QO "Ow@ Oy=wN u=@ R x@ xDU@=w ’MU=B
"Ovm Q}}eD + |=yOvwrta R= |m} ‘wv =D OwW xDiQo Q=m

"Ovm GQO |v=}t Om QO =Q p}O@D |=yQorta u}= Ov=wD|t Qr}=Bt=m l} QO ‘wv Qo|UQQ@ •

"OQ=O s=v Coercion ’CUO u}= R= |vt[ ‘wv p}O@D •

=yCQ=@a QO |vt[ ‘wv p}O@D 1»6»14

pta l} |=Q@ |k}kL x@ K}LY R= |vt[ ‘wv p}O@D |=Q@ wLv =@ xOW C}=Oy |xtHQD ’xvwtv u=wva x@
%CU= Q} R CQwY x@ op |rm |D=@U=Lt

PRODUCTION SEMANTIC RULE

E → num E.type := int

E → num.num E.type := real

E → id E.type := lookup(id.entry)

E → E1 op E2 E.type := if E1.type = int and E2.type = int

then int

else if E1.type = int and E2.type = real

then real

else if E1.type = real and E2.type = int

then real

else if E1.type = real and E2.type = real

then real

else type error
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