2 3
( )
W
1
(ML, Ada)
l£ )
£:Int” Int® Booal ; £:Char” Char ® Bool (*x1)
‘£’ ML
£:"a.seqa]” segla] ® Bool (*2)
(*2) ‘£’ (parametric polymorphism) [1] seqa]
a a
a
[11] £
££ ]
£ : seq[Char] © seq[Char] ® Bool
£ :seq[int] © seq[Int] ® Bool (*3)
£ : seq[seq[Char]] * seq[seq[Char]] ® Bool
(x1) ‘£’ Int Char (ad-hoc
polymorphism)
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[1] Int Char ‘£’ (*2)

(*3
(x3)
Jones [12] (qudlified types)
(*3) "a.p(@)b
T(a) p(a) T(a)
p(@) T(a) (%3
g
£:"a.(£:a” a® Boal).seqa]” sega] ® Bool (*4)
£:a’ a® Bool £:sga] " sega] ® Bool
(*2) a ‘£
Joneq[12] Haskell | - ML
Smith[7]
(bounded polymorphism) Damas/Milner [6]
Palsberg [13] I -
Gar ment[9][10]
Exp B
2 Exp
- [8] Exp (
) Exp
fi X1 ... Xu = e ;
fo X1 ... X2 = & ;
fm X ... Xm = €m ;
€ ( )
e(OE£i£m)
f.y.a £,
1,...) e



e = x| x(e,...,e) | let x=e; in & | if e; then e,

else e;
X ( ) Xx(er,...,en X let-
X e e if-
€,...,6m
fi,..., fm (x4) €
( ) €
ML let [3][6]
let f=Ix.x in (...f@Q)...f(true)...)
fx=x ; (...f@Q)...f(true)...)
Exp ML
Exp
3
0] g =a | Td | cla ,.,9] | & ...  &a® g
a Tid
(Int , Red , Bool , Char ) C
% .,...9 C (*2) seqfa]
@ r = (x:9.r | 9 ((x:9
® s == "a.s | r (a s )
s "a.C.g a s
ai,..., an C S X1, .-, X%:Gh) O S
"a C
‘®
(congtraint)
e:s e S e:s
e
A X:S
[4]
A X A
X:g X A s="ai,...,an.r b r bi
{ai,...,an} b s free(s) S
A\ x A X Al e:s



[1de] Al x:s if x:s1 A
l®1
' Xg,..., % = €
[® Intro] AE{xl:gl,_...,xn,:g1}|-,e: a.Cg
Al f:"a.C(g: ... a® @)
X1, ..., Xn A AE{Xi:G,..., .o} } e:"a.c.g
e [71[12]
[® Intro] a Exp
[" _|ntr0] A\l-#
Al e:"a.s
[® Intro] C f (*4)
[Cons-Intro] AE{x:g}F e:r (xosT A)
Al e:(x:g).r
A X (*1) (%3
‘£ X A XS XS S
XS 1 A A X
(X:S1,..., XSn)
(@ s3asi 1lEifEn (b) s (nonoverlapping)
(@ S 3aS A s s A [6]
(instance relation) (b) S ( ) X
3a
(s%a0) s="ai,...,an.Cg’, ai,...,a, :
[m/az,..., Oh/an]
@ A|— Claa/ai, ..., Gh/an] (b) g’'[an/as,..., th/an] g
s3a0 (a Claa/as,..., th/an] A
(r3as’) g s'3a0, s3ag S 3aS'
( ) x:9 A
(a) k:91 A (b) $s’.(x:s’ )T A s’3,q0.

.C.g s'="b.C'.g

free(g)n free(g’')=0 .
free( g)n free( g’ )=¢



@aU=gU
(b) H a @

1 A

X

a & U
Uu a o.

ota.a’ Int® a

x:"a.(*:a’a®a).a’  Int® a
Read ” Int® Real [Real /a ] X

a’ Int®

th

a

:Char” Char ® Booal

At ‘E’

&
p>2)
b~

Xx:Red " Int® Real

£:Int” Int® Booal

£:"a.(E:a” a® Bool).sga] " seqa] ® Bool

£:"a,b.(E:a”"a® Bod,£:b" b® Bool).(a”" b)" (a” b)® Bool
£.,"a.a a® Bodl A
Bool
3 2 A
fX=xEX
X £ X f
A, {£:a”a® Bod,x:a} |} £:a” a® Bool [Ide]
A, {£:a”a® Bod,x:a} | x:a [1de]
Ar {£:a” a® Bod,x:a} | x£x:Bool [® E]
Ar {£:a” a® Bod} } f:a® Bool [® Intro]
£o,"a.a a® Bool A [1de]
A} f:(:a” a® Bool).a® Bool [Cons-Intro]
A} f:"a.(£:a” a® Bool).a® Bool [" -Intro]
[®E]
Al x: (g1 . ® g)
®E A|-e1:gl,...,A|-e.1:gn
Al- x(er,...,&):g
Exp
[Cons-Intro] 3
f:a ® Bool £:a  a® Bool



Exp

A
A
@ A
2 x:"a.Cg C h:g
g
h
x:"a.(*:a"a® a).Red " Int® Real
a *:a’ a® a A ok
*nt” Int® Int * :Red " Real ® Real
a Int  Real
Xx:Red " Int® Real A A x
X *:a’ a® a A x
X A *:a’a® a
A
©)
Xo:"a.(Xeig).ro X" a.(Xiq).-r1, ..., Xn: " @ .(X0: Gv1)- M na
n>1, X n=1 4)
4 x:"a.x:g',...).d (*x4)
9’ g S gS=g¢’
A xX:d
A
A 1 x:"a.x:d ...)d A, d g
x:d A
g a [4], free(g)n free(g’)=¢
X:d
A
<> x:dgI A: d g S S d
free(g)n free(g’)=¢ S g g oS
gs d g
x:"a.x:d ..)g x:d x:"a.x:d ..)d A A
X:d A x:di A
<2> x:"b.Cdgl A, "Db.Cg3ad: 3a a d
g d g g g
x:" b.Cg' A



<33 <> <> A X:d

X a.(xx:d ..o
"a.x:d ..)g d 3 X:d
<> <> <3 d d
x:"a.(x:d ...).9 x:d A
TA(Type Assumptions)
TA A TA
TA @ @
TA
TA TA A x:s Booal, TA
A X:S A

TA A Xx:s nonoverlapping A x:s  and
nonredundant A x:s and
nonrecursive A X:s
nonoverlapping A x:s =" x:s’'l AR(s’,s)=falil
nonredundant A x:s =let" a.C.g=s in
" hgl Ciar(g’) G tvar{g}* {}
tvar(g) g 3 g
tvar(a)={a}
tvar(Tid)={}
tvar(x[g . . . .g])=tvar(a1) E. . .E tvar(g)
tvar(q” ... ¢ ® g=tvar(q) E. . .E tvar(gy)
nonrecursive(A, Xs) =
let " a.C.g=s in
"yg 1 C.if y=x then noninstance(A, x:s)
else xI dependant(Ay)
dependant(A, y) =
let{y: " @ .C.g} E B=extract(Ay) in
dependantc (C, A) E dependanta (B, A)
extract(Ay)={xss | xs 1 A and x=y}

dependantc(C,A)=if c={} then{} else



let {x:g} E C'=Cin {x} dependant(Ax) E dependantc(C',A)

dependanta(B,A)=if B={} then{} else

let {z =.C.g EB'=Bin
dependantc(C,A) E dependanta(B',A)

noninstance(A x:s)=let " a.(xd ).C.g=s in

R(gd )=fail.

t = Tid
Tid c g
[Var]

[If]

[Let]

Exp

[® Elim]

U=A(a’

[ -Blim

AU} cU

[Cons-Hlim]

4 2

Clty,...tn] | t1” ... th®t

Tid c

Al x:t (x:tT A

A}l e:Bool, A} exit, Al est
A} iferthenezelsees:t

Al erit1, A\XE{x:t:1}} etz
Al letx=eine:t:

Al x"a.C(g:1" ... g® Q)
Al e:it1,...,A} &:tn
AU |- CU
Al x(er,...,en):qu
oLt LT t) [® Elim]|
Al e:"as
Al e:sft/a]
A [® Hlim]

Al e:(x:t).r , A x:t
Al e:r

A

B=AE{f:"a.(f£:a” a® Bool).a® Boo , p:seqnt]}

f f(p)
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BF f:"a.(E:a"a® Bool).a ® Bool [Ide]
B|— f:(£:seqInt] ~ seq[int] ® Bool ) . seq[Int] ® Bool [" -Elim]

BF £:"a.(E:a” a® Bool).sqla]~ seqfa] ® Bool [1de]
BF £:(E:Int” Int® Bool ). seq[Int] ~ seq[Int] ® Bool  [" -Himr]
BF £:Int” Int® Bool [Var]
BF £:seqlint] ~ seqfin] ® Bool [Cons-Elim]
BF f:seqlint] ® Bool [Cons-Elim]
BF p:seqling [Var]
Bl f(p):Bool [® Elim]
6 W,
Rule(P) P
s e e:s |§ Rule(P)
e, $s.es |§ Rule(P)
Rule(P) Rule(P) S
S
S (s )
Exp W(A,e) W A
e e t 5 [2]
W WA, €)
l.eis “x”

if x isoverloaded in A then fail
elseifx:t T Athent.
2.eis “xer,...,e)”"
lett;=W(A,e) , t,=W(A,&),...,th,=W(A,e)in
ifx:"ai,...,am.C.at” ... ¢n® gl Athen
let U=A (t;" ... th, & ... @)in
if satisfiable(CU , AU ) then gU
el se fail
el se fail.
3.eis “ifetheneyelsee;”
lett =W (A, e)t1=W(A, &), t2=W(A,e) in
ift =Bool and t;=t,thent;
else fail .

4.eis “letx=eine”



lett1 =W (A, e) in W(A\XE{x:t1}, &).
W A
satisfiable

W,
Con ASS

satisfiable
satisfiable (Con , Ass) =
forallx:tT Con do
ifx:t T Assthen
ifx:" @.Con’.gl AssandU=A (t ,g)then
return ( satisfiable (Con’U , AssU ))
el se return (false)
elsereturn (true) .

[71[12]
W
( )
Ass Con Ass
satisfiable Con
satisfiable
<> W, 3 satisfiable(CU , AU )
S U Con
Ass Con
Ass Con t
Ass Xt
T Ass Ass true
@
<2> Ass x:" a.Con'.g U=A(t ,9)
satisfiable (Con'U , AssU ) satisfiable
false
< Con Ass
< Con'U
< Ass Con’ AssU
< AssU TA
<> <> satisfiable
Ass
W W A e =t, Ale t
e
(1) eis“x”
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TA
Ass

satisfiable
A C
X:t
X:t

Ass X:

x:t1 Ass

satisfiable

Con



W
if(x:t)I Athent

[Var]:
Abx:t (x:tTA)
W [Var]
W A X t Abe:t

(2) eis “x(ey,. ..,e)"
\M U1 VVt(A,el),...,tn \M(A,en)

Abeity, ..., Alety PRE1L
W
X:"ay..., anCaq ... ¢® gl A
Abx:"ay,...,anCa ... ;:®g PRE2
W, U=R(ty,...,th & ... @), R U
all' .o ;am PRE2
[ -Elim]
AF e:CU(@ ... ¢)U® gU
W ,satisfiable(CU,AU) CuU
satisfidble
AU} cu PRE3
PRE1 PRE2 PRE3 [® Elim]

AFxer,. .. ,e):dU
(3) eis"ife;theneyelsee; "

W t=W A e ti=W Ae t>=W Aes

Ab et AF ext:, A} est
Wi t=Bool, t1=t» [I]
Al ifertheneelsee;:t;
@ eis'letx=e ine"
W W (AW E{xt1}, &) t:=W (A, er)

A|— ety

-11-



AXE{xt} } et
[Let]
Al letxeinests.

W, [" -Intro]  [Cons-Intro]
W
W
Exp
W Exp W
W
-
Exp ,
— [12]
c Seq
Exp ( 1 Fun)
[3] Exp Exp
Garment[9][10] Garment
Garment
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A Polymor phic Type System with Constraints

Zheng Hongjun  Zhang Naixiao
( Peking University )

Abstract This paper concentrates on a polymorphic type system with constraints based
on congtrained types. By incorporating constraints into unviversal quantification, the system
can make applications of parametrically polymorphic function more safe. Congtrained types
provide a new way for expressng and implementing overloading. The incoporating can
improve the expressiveness of types. There are two layers with different type structures in
the type system given in this paper. Introduction and elimination of constraints are in the
different levels. It is proved that the satisfiability of constraints in W, , which is a type
checking agorithm proposed in the paper, is decidable.

Keywords  Polymorphism Constrained type Type sysem  Type checking
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