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

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

B INRBLE, RBEXAXNFNHAEMTN. ZFFNAMFTRAGEXL
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LEHFEM
B AEARLE, ANERARAAR LA
B AXRRALE, AEARZARANEABREAXRREN, IRAEXNZLAR
(£ = LK)
typedef cell *link;

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

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

return true ;
else if (s == array(s,, s,) && t ==array(t;, t,) )
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 —ANTREAGEA

B ANERER XA BEFRBEALEHFH
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 IARA W AR L - BN EHNARRFRKRAALLR, 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;

H
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ICFRRE
B LRRBETHEREZINBEARGRER
B LRAARZ AN & KA RGBS
Plde, CIETHILRER
typedef struct {

Int address;

char lexeme [15 ];
}row;

record(address : int, lexeme : array(15, char) )
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(Type Record) =Ty .., T =T,
(L2 XA 1) T |- record(l;: T4, ..., |

o
°
e and Te

T,)

n

(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)
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typedef struct cell {

Ciz 3 XIR1eFE (ZHR) . 2RARAI

int info; %ﬁ%ﬂ&m%% n,%ﬁﬁ%%%mw
| R R L FEN, R XA R AR,
struct cell *next;
} cell; Str““gg“ = record
struct cell = record _ |
/ \ / \ info integer next pointer
info int next pointer .
. ,d, P A /“\
struct cell § 3| A ALEFFH struct cell

ot 93 JB FF
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AXB6/LinuxLE £, HiEZSRET ARG F EE/THBR
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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B defT% B KX KQERAAERF?

e and

typedef struct {
., - &R D
Int info;
- O
link next; o N
>k >< ) AT -Wall FFit
}eell, =link; e
~ J

unknown type name ‘link’
A Alinkéy 2 XA
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https://gcc.gnu.org/onlinedocs/gcc/Warning-Options.html

@ -& #:
(@) 2o eI LRAZRLls
B defT% 5 K & K698 AAR?
typedef struct cell{ Int length(link Iptr) {
int info; Int len = 0;

struct cell *next;
} cell, *link;

T HIAEE R TR

FERALX, BEFTHX
LA N ST L &N R
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link p = Iptr;

while (p '= NULL) {
len++;
P = p->next;

}

return len;

15
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B defTHREREXKERIER?
FAIMLBEEREHEHREAKOEFRARLER TN LA
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
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% 7SR # (polymorphic functions) 534t % &
B AHFIBRABRYGERG SR FIL
B SR 6 BT R S A R R R

#8 ) &9 52 3L,

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

B Flde: FaEk5], KA. BIREEIETEAARBEGRDGEETTE
ARG KM, REF

B SAEFANRRANEKERH TR LA

B CETFMFXTRGAHAFL&E LR

I REBHFFORBE ., RALXEARARZRG ‘...0 698HK4”
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ST
B length®y £ R ¥ XL 5 mV alist(a) — integer
B AXATSHIIANETF Ak ER
O W, AEAZERIRRFTEFHAMHMES S, iR E i e i AR m ) 2R T

Blde, e TRANIESF

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

deref FI2RE RV a. pointer(a) > a
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@Wé& =
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Q) BEEMMARRS

— I RESERBNIES

P—->D;E

D—->D;D|id:Q

Q - Vtype-variable. Q % & &%
| T

To>TT
TxT HFILREAA
unary-constructor ( T)
basic-type
type-variable INRAETE
(T)

ESE(E)|E E|id

7("-/\;1‘&727«\: 2 , v\.>

28T R B LR RAR
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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
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KBRS PRI
B OROEAN AR T FamE R AR T

(Env Var) -9, a¢dom ()
I'ol|-0

B EZAN
(Type Var) 'ya,lL[-90
Fl, (0 y rz |_ a

(Type Product) [T, T|-T

C-T,xT
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B 5N
(Type Parenthesis)

(Type Forall)

(Type Fresh) 3JSHITF

KRB A RN B HEER AL

'-T

I'|=(T)

Col|-T

I'|-Va.T

EME (o TETT)
I'-VaT, T,a|-90

ILol|-lalal T
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AN

I'-E;:T,»>T, I'-E,;: T,
[-E; (Ey) : S(Ty)
(F FSET AT, 8 K — A 654 —Kik)
Rie: XA ZSFTHRARTERAEMRENORAB LA LB
subst(t:type exp, Sv: type var— type_exp):type_exp
SLf: FesubstH R FtE PriFey XA R R X2t 69— AKH], ASHET

(Exp FunCall)
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typeEXxpression subst (typeExpression t, typeVar—typeExpression Sv) {
if tZ2EAELA) returnt;
else if (t £ X& T &) 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
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Bl F @ A if o XA & ik X R A i 65 )

Integer real

RBEFERATEALR
Integer — real a—>a

a BRI —HK
Integer - «a a—a

a B TR & ILAR &% ARk
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do RGAEENMRBE SVEMR S() =S(t,), IRAXANREX A S E—
ARy S — X (the most general unifier) S
B S(t)=S(t);
B AT S RS (1) = S'(t,) 89 RSV, 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)
B
E-_i
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ZERYMEBERYERBRET LRIXH

DRA—23HKWTARAHATREZREA/LARAFARA LA
(2) eiMie LB AR AR 2| LB &5 —
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
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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 % &
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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 a, = integer

KE: (RIFFREAMEAMH ) LKBEE 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), 0, length (tl(Iptr)) +1)
)

KE: (RIFFREAMEAMH ) LKBEE 30
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(1) |lptr:y (Exp 1d)

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

(3) |length(lptr) : & B=yr—> 5 |(Exp FunCall)

(4) |lptr:y PNOEIE:

(5) [null:list(er,)) - (Exp 1d)F1
boolean (Type Fresh)

(6) |null(lptr) : boolean y=list(a,) |(Exp FunCall)

(7) |0 :iInteger (Exp Num)

(8) |lptr : list(a,) M)A 15
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9) [tl:list(er) > list(ex) (Exp 1d)FA
(Type Fresh)

(10) | ti(lptr) : list(ex,) a, = a, (Exp FunCall)
(11) |length : list(a;)) > & MR R
(12) | length(tl(Iptr)) : 6 (Exp FunCall)
(13) |1 : integer (Exp Num)
(14) |+ : integer x integer (Exp 1d)

— Integer

KE: (RIFFREAMEAMH ) LKBEE 32
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(15) | length (tl(lptr)) +1 : o= integer | (Exp FunCall)
Integer

(16) |if : boolean xa; x. (Exp Id)FA
—>a (Type Fresh)

(17) |if (...) : integer = integer | (Exp FunCall)

(18) |match: o, x a (Exp 1d)FA
—>a, (Type Fresh)

(19) |match (...):Integer |« =integer |(Exp FuncCall)

lengthBR IR E R Va. list(a) — integer

KE: (RIFFREAMEAMH ) LKBEE
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FHAFS

B AEANEL, BESANT AR XHREE—

514n

B A F+TRATARAXE, “v"EENJHENLTF, ARZ—NEERHK
69 % F

B AEAda¥, () AZHY, A(l) FRRLEX

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>lLIxI—>ccxc—>cC}
skE: (RIFFEEAMEARMH ) KBKE 36
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HBE-S>E

B E-—>id

BE->E (E)
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ik 3o

E'.types = E.types;

B tEtypes: TR RAE S

E. types = lookup(id. entry);

E. types ={s' | E,. typesHFFE—"s, H8s —» s'BTE,. types};

(IXFRBRFZAR H)) KBS
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BRINTTRERBMNES: Ada ZRZEWNRLEIXAE—WEA

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

mE->id E. types = lookup(id. entry);
E.code = gen(id.lexeme, ¢:’, E.unique);

BE->E, (E,) E. types ={s'|E,. typesHFE—"s, #FFs— s'J&8TE,. types};

K

“Cnce

L‘H

t = E. unique;
L&M= L S={s|s e E,types && s >t € E,.types } ;
AARLEFakd g, | o o . _
T RH R — KA A If (S=={s1}) 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);
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GRINTTRERBIMNES: Ada ZRXTHEWRAXAE—WEA
mE-S>E E'.types = E.types;
If (E'. types =={t}) E.unique =t; else E.unique = type_error ;
E’.code = E.code;
mE->id E. types = lookup(id. entry);
E.code = gen(id.lexeme, ¢:’, E.unique);
BE-E,(E,) E.types ={s'|E,. typesHFE—"s, /s s'J&8TE,. types};
L E s e
B, TR S={s|seE,types && s>t e E .types } ;
@D &exith+ Htypes If (S=={s1}) E,.unique = s; else E,.unique = type_error;
®ﬁ‘£2)t(?tr§§§c‘£i§“e’ if (S=={s}) E,.unique = s— t ; else E,.unique = type_error;

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

B RAA L RFXET

B FRERFEH: wRsAWTEE, WEELRHWENR, 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 B EABAEZABLRETH
Bike.o0~> 1, el:o’, #Ro'<o, Me(el):r.
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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));
}
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