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XRBRIENp5=) WBRRRBRENEE?
B REARERXAXG—NEELHR, mAAEFIAFGEA
typedef cell *link;

link next;
link last;
cell *p;
cell *q, *r;
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B RRXRBLE, ANARBERAXZ LR

B AFRBLE, REARLZHR L WEARRZEIARREN, IFREAXZTLMAR
(£ R = SLRIRE)
typedef cell *link;

link next;
link last;
cell *p;
cell *q, *;

next, last, p, qFlr 2R A 2 Z5H F 4 1Y
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sequiv(s, t) (FcIEHIZ )
if sAtRIARAGEALLA)

return true ;

else if (s == array(s,, s,) && t == array(t,, t,) ) {
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or

return sequiv(s,, t,) && sequiv(s,, t,) ;
elseif (s==s, x5, && t==1x1t,)

return sequiv(s,, t,) && sequiv(s,, t,) ;
else if (s == pointer (s,) && t == pointer(t,) )

return sequiv(s,, t,) ;
elseif (s==s,>5s, &&t==t, > t,)

return squiv(s,, t,) && sequiv(s,, t,) ;
else return false;
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B RENEBRLARAE —ANTREAGEE

B ANERR XA EFRBEALEHFH
typedef cell *link;

link next;

link last;

cell *p: nextFllast 2R 7 & 44 4 1Y
cell *q, *r; P, oI r )R A 2 44 F S 1Y
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PascaliZ 8 2 R AR AR L -oH N EHMNIRRFRKRALLR, Hlie
TFa&EANTcellHERA TR ER L

type link = Tcell; type link = Tcell;
var next :link; np = Tcell;
last  : link; nqr = Tcell;
D : Teell; var  next: link;
q.r : Teell; last : link;
p:np; pHIZREL 5 M) 2REY
q:nqr; AR FEMH
r:nqr;

HE: KBS 8
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Plde, CIETHILRER
typedef struct {

Int address;

char lexeme [15 ];
}row;

record(address : int, lexeme : array(15, char) )
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(Type Record) '-T4,..,T|-T,
(1A X FHY) I |- record(l;: Ty, veey 12T )

(Val Record) (L2 X HI#)
r |_ Ml:Tl,..., r |_ Mn. Tn
[" |-record (I,=M, ..., I.=M,) :record (I;:T,, ..., |.:T,)

(Val Record Select) [ |- M :record(ly:T,, ..., 15:T,)
T=MI:T (ieln)

HE: KARE 10
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typedef struct cell {
INnt Info;
struct cell *next;

'l\:r = XTFT 1&% ( *ﬁ’ﬁ&) N 2N ﬁ]’f*»b{ﬁ]‘é"]
PTA REME R LA A, 3 Itk Ae 3k F 4
RA R LFHM, ABREAR PR,

struct cell _

} cell; = record
struct ceIIII = record cell
ce — ,
/ \ lnfo/ln}ger neg p()l\nter
Info INt next pomter .
< ,d, P A
struct cell § 3] A ﬁj\\'fg%%m struct cell
7ok 3613 B T

B %, Ik
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AEXBB/LinuxLE L, RHiEZERETERLSFEETHBR
Incompatible types in return

typedef int A1[10]; A2 *funl() {
typedef int A2[10]; return(&a);
Al a; }
typedef struct {int i;}S1; S2 fun2() {

e S1AIS22
typedef struct {int 1;}S2; return(s); 7 [ g 2 7
Sls; }

ACET Y, RAREMERIMERE, HH4
FoA BB RABHR, RPINRRIEA?
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typedef struct {
., - &R D
Int info;
- O
link next; o N
>k >< ) AT -Wall FFit
}eell, =link; e
~ J

unknown type name ‘link’

% A link &y 2 LR G
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https://gcc.gnu.org/onlinedocs/gcc/Warning-Options.html
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typedef struct cell{ int length(link Iptr) {
int info; Int len = 0;
struct cell *next; I|nl_< p = Iptr;
0 *ink- while (p '= NULL) {
} cell, *link; len++-
p = p->next;
35RO 1
BEARAE, 250X |
) F Sodk 120 HOR A3 A return len;
}
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Bl T B Kx KeyiEAEF?
FIMLEERESEHREAKNGEF M RLERLHER
fun length (Iptr) =

If null (Iptr) then 0
else length (tl (Iptr)) + 1;
tl- 2 & & E, null-AX % & &A=

length ( [“sun”, “mon”, “tue”] )
length ( [10,9,8])
#RF T3

HE: AEE 16
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% 7SR # (polymorphic functions) 534t % &
B AHFIBRABRYGERE ZHIRE G FIL
B REARPEGHPITRES SBATRE LA GFRL

#8 ) &9 52 3L,

S E fF(polymorphic operators) Ad-hoc % &

B Flde: Fak5], KB, BIRERIETEAARBEGRDGEELTTE
ARG KM, REF

B SAEFANRRANEKERH TR LA

B CETFMFXTRGAHAFL&E LR

e REHMNEHREABR ., RALREARKR ... 6447

K= KARE 17
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ST
B length®y £ R T XL 5 sV alist(a) — integer
B AATZWIART AL
O i, AEAZERIRRFEFEHAMHIES Y, rIEd RN E e RN R

Blde, e TRANIESF

function deref (p){ -~ XpRIRB—TcFrH: B
return *p

deref FI2RE RV a. pointer(a) > a

HE: KARE 18
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P>D;E AR —ANFREiES, &
D->D;D|id:Q 88T R R 2 LA R AR
Q - Vtype-variable. Q % & &%
| T
To>TT
TxT & FILRER
unary-constructor ( T)
basic-type
type-variable INRAETE
(T)

ESE(E)|E E|id

HE: KARE 19
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P—->D;E
D->D;D|id:Q
Q — Vtype-variable. Q

| T
To>TT
TxT — AR
unary-constructor ( T)
basic-type deref : Va. pointer(a) -« ;
type-variable g : pointer (pointer (integer));
(T) deref (deref (q))

ESE(E)|E E|id

K= KARE 20
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B RBEHLN AA T FamB| 2R F

(Env Var)

B 5N
(Type Var)

(Type Product)

I'-9, a g dom (I

I'ol|-0

Fl,a,rz |—<>

Fl,a,rzl_a

r-71, I'-T,

KE: KREWE

21



34
B
5
.

o 5o
‘S;v;. y \\\\"\
“ice and T

ZSHRBRBERG YEATLRARS
SRR oo D TR

B EEAR

(Type Parenthesis) Tl-T
- (T)

T Forall

(Type Forall) Col-T
I'|-Vo.T

(Type Fresh) HBTEHZ (o FELT)
I'-VaT, T,a|-90
o |-[a/al T
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AN

'-E;:T,»>T, T'l-E,; T,
L-E; (E) 1 S(Ty)
(L FSET T 89K — A6 & —Kik)
Rie: XA ZSAFPHARTERAEMRENABEAAX LR R
subst(t:type exp, Sv: type var— type_exp):type_exp
SEfll: FesubstR A TR AR A X X Rt —/AEH, ASHET

(Exp FunCall)

HE: KARE 23
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typeEXxpression subst (typeExpression t, typeVar—typeExpression Sv) {
if tZ2EAELA) returnt;
else if (t XA T F) return Sv(t);

else if (t £t,—>t,) return subst(t;, Sv) — subst(t,, Sv);

}
B+ (s<tFTmsat BISEH, an SRAEBITE)
pointer( integer ) < pointer(a) pointer( real ) < pointer(e)
Integer — integer < o >« pointer(a) < S
a<pf

KE: RARSE 24
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Bl F @ A i 6 X8 & ik X R R A i 89 51

Integer real

RBEFERATEALR
Integer — real a—>a

a BRI —HK
Integer - «a a—a

a Q) FT7A H AR R % AR

KE: KREWE
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do R GEAEENMRBE SVEMR S(t) =S(t), IRAXANREKX A B E—
ARy S — X (the most general unifier) S
B S(t)=S(t);
B AT S RS (1) = S'(t,) 89 RISV, RIS (1) ZS(t,) 8 E
B4, t, = pointer(list(a)) t,= pointer(8)

RIESV: a2 a, B2 list(a), EFS(t) = S(t,)= pointer(list(a))
RISV : a=> integer, B> list(integer), 4£4FS'(t)) = S'(t,)= pointer(list(integer))

RIZSVR R — &b & — KB

O

=
& —(unify)
N
E-_i

HE: AEE 26
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ZERYMEERMARBRET FRIXH
DRA—23HKHWTARAHATREREA/ LA RAMRA LA
(2) 2iMie LB AR R AR 2| £ B & —

Q) ZinRx A B E AL XS —LER

apply: a,
- /
deref,:pointer(e,) = «, apply : a;
/ \
deref; : pointer(e;)— o q: pointer(pointer(integer))

deref(deref (q )) K Anic FIHEVE M

KE: KBRE 27
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E—>E, (E,))
{ p = mkleaf (newtypevar); // &= XA
unify (E,. type, mknode ( ‘=’, E,.type, p) );
E. type =p; }
E—>E,E,
{E. type = mknode ( ‘x’, E,.type , E,.type); }
E—id
{E. type = fresh (lookup(id.entry)); }// £B % &

HE: KARE 28
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deref,:pointer(e,) = «, apply :
\

deref;: pointer(es)— ;  q: pointer(pointer(integer))

AR : HH R &
g : pointer(pointer(integer))

deref, : pointer(a;) = o

deref,(q) : pointer(integer) a; = pointer(integer)
deref, : pointer(a,) = «,

deref_(deref, (q)) : integer o = integer

HE: KARE 29
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length : 4 lptr 2y ; 7 | fun length (Iptr) =
if : Va. boolean xaxa—a; if null (Iptr) then 0
else length (tl (Iptr)) + 1;

null : Ve . list (&) = boolean ;
tl:Vea. list () - list () ;

0 :integer ; 1: integer; RE P YRS

+ I Integer x integer — integer ;

match : Va. axa— a; _

match ( - kX X, E#tlengthd 38
length (Iptr), -- o BB AR RAREY XA

If (null (Iptr), O, length (ti(lptr)) +1)

HE: KARE 30
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(1) |lptr:y (Exp 1d)

(2) |length: g (Exp 1d)

(3) |length(lptr) : & B=y—>0 (Exp FunCall)

(4) |lptr:y INOLIE:

(5) | null: list(e,) > boolean (Exp 1d)R(Type Fresh)
(6) | null(lptr) : boolean y=list () |(Exp FunCall)

(7) |0 :iInteger (Exp Num)

(8) |lptr: list(a,) M) F 17

KE: KREWE 31



©)) RERNBHHLE FORTLL LS

17 e W F R A

(9) [tl:list(e) > list(ex) (Exp 1d)F(Type Fresh)
(10) |ti(lptr) : list(e,) a, = o, | (Exp FunCall)

(11) |length : list(ar) = & M(2) "] #5

(12) |length(ti(lptr)) : & (Exp FunCall)

(13) |1 : integer (Exp Num)

(14) |+ : integer x integer — integer (Exp 1d)

KE: KBKE 32
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(15) | length (ti(Iptr)) +1 : integer | 6= integer | (Exp FunCall)

(16) |if : boolean xa xa. >« (Exp 1d)#1(Type Fresh)
(17) |if (...) : integer a; = Integer | (Exp FunCall)

(18) |match: a x a, > a. (Exp 1d)#1(Type Fresh)
(19) |match (...) : Integer a=integer | (Exp FuncCall)

lengthBR IR E R Va. list(a) — integer

HE: KARE 33
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EH=
B AENEX, BAEEANS R AR E—
filan
B AR+ TATARRAER, “PREINBZIEYGLF, ARZ—NEZHHK
0 % F

B AAdad, () RZHRY, A(l) AFRREAE L

BHRYHER
B AEERFTHIAR, EaXREACEE—
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function “*” (i, | : integer ) return complex;

function “*” (X, y : complex ) return complex;
A+ ER, TROXAVGE:

integer x integer — integer XA XGER
Integer x integer —» complex

complex x complex — complex (3 *5)*z (z:complex)
E: {i, c} —_
E: {i} Ei {i}
3: Li} *

T 5:{1}
{ixi>Il,Ixl—>c,cxc—>C}
K= KAWE 36
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INRJREKBIRVE S -

fa/ AT REREIHRS 224 Bitypes: THAG XA LS
BESE E'.types = E.types;

B E—>id E. types = lookup(id. entry);

mEE (E,) E. types ={s'|E, typesHEE—s, f#Fs - s'J&TE,. types};

HE: AEE 37
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BT RERBINES: Ada BRTEN R XX ARG LA

BESE E’.types = E.types; 2R ARE
If (E'. types=={t}) E.unique =t; else E.unique = type_error ;
E’.code = E.code;

BE->id E. types = lookup(id. entry);
E.code = gen(id.lexeme, :’, E.unigue);

mEE (E,) E. types ={s'|E, typesHEE—s, f#Fs - s'J&TE,. types};
t = E. unique;

JELE M= S S={s|s e E,types && s >t € E,.types } ;
’“"’“ﬁéﬁ&”iﬁf?ﬁfﬁ If (S=={s}) E,.unique =s; else E,.unique = type_error;
FREA AT XEBAEE  if (S=={s]}) E,.unique =s—>t; else E,.unique = type_error;

E.code = E,.code || E,.code || gen(‘apply’, ‘:’, E.unique);

HE: KAE 38
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\S‘("k”’co and 'm‘\(\c

eI RERBINES: Ada R THEWE L XA E—H LA
mE-S>E E'.types = E.types;
If (E". types == {1t} ) E.unique = t; else E.unique = type_error ;
E’.code = E.code;
HE->id E. types = lookup(id. entry);
E.code = gen(id.lexeme, “:’°, E.unique);
mEE (E,) E. types ={s'|E, typestHFE—1s, F18s > s')BTE,. types};
L FprRaRRs o U
B, TotRAamEn | ©-15|Se€E,types &&s—te Etypes};
@D &exith+ Htypes If (S=={s1}) E,.unique = s; else E,.unique = type_error;
®ﬁ£2)t(?tr§§§c‘ﬂeq“e’ if (S=={s}) E,.unique = s—t ; else E,.unigque = type_error;
E.code = E,.code || E,.code || gen(‘apply’, ‘:’, E.unique);

HE: AEBWE 39
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FRBXER <

B RAA L RFXET

B FRERFEH: wRsAWTEAE, WEELRHWEN, HTRFLER
SH{ERBELC

& (covariant) t<t', Mjc(t)<c(t")

B LGB RAABAEEBLERNBETA
BiXe:o> 7, elio, We(el):z k<, Me(el):z'.

i3 (contravariant) t<t', Mjc(t")<c(t)

B LGP RAAEZ LB LRETH
Bike.o0~> 1, el:o’, #Ro'<o, Me(el):r.
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GiER AR R RRBRERXILT @aYiAE IR
long gcd (p, q) long p, q;{/*X & &% & BA 69 4% %o X~/
[* %% 5 BR & ARF X £ long ged (long p, long q) { */
If (p%q == 0)
return q;

else
return gcd (g, p%oQ);

}

main() {
printf(“%ld,%ld\n”, gcd(5), gcd(5,10,20));

HE: AKWHE 4l



