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B ZHEHN. LFEH

B RAAERXXG—NEBEAHRE, mARIIAFHGER
typedef cell *link;

link next:
link last;
cell *p;

cell *q, *r;
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B RRXBLE, ANARERAXZT LR

B FAALE, AXRBLHMEA N AR RAXRBREN, FIFREXZLBR
(£ A= SLRIRE)
typedef cell *link;

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

next, last, p, gFIr 2R3 &2 S F 4 Y
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sequiv(s, t) (TSR B BT
if (sA=tRABEGEKRELA)

return true ;
else If (s == array(s,, s,) && t ==array(t,, t,) )
return sequiv(s,, t,) && sequiv(s,, t,) ;

2L >
= <
S
)
3
e and T

Clonce

else if(s::SleZ&&t::t1Xt2) 41 5, 2R3N £ T
return sequiv(s,, t,) && sequiv(s,, t,) ; @';Xfﬁgﬁéﬁééwg; ]
else If (s == pointer (s,) && t == pointer(t,) ) — - —

return sequiv(s,, t,) ;
elseif (s==5s, 55, &&t==t,>1t,)
return squiv(s,, t,) && sequiv(s,, t,) ;
else return false;
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B ANERREX AR ELE FRBEALEHFH
typedef cell *link;

link next;

link last;

cell *p: nextfllastf] R T 2 24 FFEH 1Y
cell *q, *r; p, QFr IR AR 2 FE M I
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PascaliZ T8 2 R AR R A L fe BN E NIRRT AALR, Flie
T @A TcellZRIEA TR R & £ A 4

type link = Tcell; type link = Tcell;
var next :link; np = Tcell;
last  : link; nqr = Tcell;
D - Teell; var  next : link;
a,r :Teell; last : link;
p:np; PHIRZEL 5T r IR A
q:ngr; AR FHFN I
r:nqr;
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Blde, CiEZ LT EA
typedef struct {

Int address;

char lexeme [15];
}row;

record(address : int, lexeme : array(15, char) )
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(Type Record) '-T4....,T|-T,
(128 X5 H) T |- record(l,:T,, ..., |

3

T,)

n

(Val Record) (1.2 X 3 i)
[-MyTg,..., T |-M T,
[" |-record (I,=M, ..., I.=M,) :record (I;:T,, ..., |.:T,)

(Val Record Select) [ |=M:record(ly:Ty, ..., 1,:T))
T-ML:T. (i<l.n)
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typedef struct cell {

1\:7 DXTF‘]:"LEJ% ( *@%) N 2N }ﬂ’ﬁib{7[‘é’l]

int info; ﬁﬁ%ﬂ&mﬂ% B, wxFie FoAeak AR
struct cell *next: RAR 25 F5F VAEE o, KA B a9 3R
struct cell _
pcell struct cell — cell — rlecord

ol = record - !
/ \ |n1{ mEger nex/t pc)l\nter

/ \ / \

Info INt  next pointer A LB EY l

struct cell & 3] A

T i )2 R T struct cell

v
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EX86/LinuxhLBE L, #HEZBRETERAYEEITHER:

Incompatible types in return
typedef int A1[10];
typedef int A2[10];
Al a;
typedef struct {int i;}S1;
typedef struct {int i;}S2;
S1s;

A2 *funl() {

return(&a);

}
S2 fun2(){

return(s);

}

HCEET P, KAREMAEREFAMELR, HH A
FONKE A ERDLEIR, RBLINBHEKIPEH?
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1% X AR GE 7
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Bl 4efT% B K& K098 AALR?
typedef struct {

INt info:

link next:; o

} cell, *link; ><

https://gcc.gnu.org/onlinedocs/
acc/Warning-Options.html

unknown type name ‘link’
A Alinkéy 2 X6
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PN @ K %
Bl detTém B K& KA ERAALR?
typedef struct cell{ int length(link Iptr) {
int info; Int len = 0;

struct cell *next;
} cell, *link;

HHIAE LS R LK

FERAALX, BiEFHX
E R %4212 58 RO el
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link p = Iptr,;

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

}

return len;
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1§IJ 3T B KR K@ RAAZF?
FIMLIBEEREH EHKEZKNGEFMALERTH LR
fun length (Iptr) =
If null (Iptr) then 0
else length (tl (Iptr)) + 1;
tl- B\ % & null-A X & & F A =

length ( [“Sllll”, “mon”, “tue”] )
length ( [10,9,81])
#R%F T3

KE: (RIFFRBREARMH ) LBIEE 16
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AR B (polymorphic functions) &4k % &
B AHFIRABYGERG ZHIRE G FIL
B [HERPEGHMTREN SHATFE EZRGIFIL

8 ) 89 5K 2L

ZSEFF(polymorphic operators) Ad-hoc % &

B flde: AR KR, BIHK4 R T EAALEEGRLEELTIE
ARy Hm, HEF

B 28B4 LARERF R G EI

B CETFMPRTRUERFFLKA AR :

W RIBHMNRZORABR ., MAZLRXEAARRm “...0 GHK4”
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LBTE
B length®y X & T XA E &V a.list(a) - integer
B AATEHIANET T AIREA
O W, EAZERMMRFFEEHEMAHKIES S, R B e ey A=A

Blde, e TRAGEF
function deref (p){ - XpHIRE— LT H: B

return *p; -- B = pointer ()

deref FIZRAI RV a. pointer(a) > a
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¥

@Wé& .
SO I

— P RESERYRNIBS

P—>D;E

D—->D;D|id:Q

Q — Vtype-variable. Q % &%
| T

T>T>T
TxT &HFILAREA
unary-constructor ( T)
basic-type
type-variable FIINRRT 5
(T)

ESE(E)|E E]|id

7("-/\;1‘&7%»1\: = vu

58T R B LA R HAR
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— P RESERYRNIBS

P—->D;E

D—->D;D|id:Q

Q — Vtype-variable. Q
| T

T>T>T

TxT

unary-constructor ( T)

basic-type

type-variable

(T)

E—->E(E)|EE]|Id

K=

_‘/l\/ﬁ}j?

deref : Va. pointer(a) -« ;
g : pointer (pointer (integer));
deref (deref ())
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IR 2 e rh 18 N Y HETR AL

B REHA ARAT Fomd| 2 RIRBF

(Env Var) -9, o ¢ dom (T)
Iol|-0

)
3

e

lence

T

H E A
(Type Var) r,o,T,-90
rl, a y FZ |_ a

(Type Product) I Tl’ ClT

T|-T,xT
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JE R 22 G Fh 18 hn g HETE AL )
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(Type Parenthesis) C|-T
I'[=(T)

Type Forall

(Typ ) Coal-T
I'|-Va.T

(Type Fresh) KRBT EREZ (o FELT)
['-VaT, I'al|-90
Lo l|-[o/al T
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I'-E:T,>T, I'l-E,: T,
[-E; (Ey) : S(Ty)
(L FPSAT T, MR — A& —KiR)
Rie: XBRESAFHRBTERAELMREAOEAB R A LH &
subst(t:type exp, Sv: type var— type _exp):type_exp
SCfl: Jesubst® B R TtE TR LR £ A R —AEH], ASHRT

(Exp FunCall)
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typeEXxpression subst (typeExpression t, typeVar—typeEXxpression Sv) {
if (t2EKEA) returnt;
else if (t LA T F) return Sv(t);

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

}
BilF (s<tFTirsEt LB, o fEREBITE)
pointer( integer ) < pointer(a) pointer( real ) < pointer(a)
Integer — integer < a >« pointer(a) < B
a<pf
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Bl A g XA &k X R R A 89 54

Integer real

KRB TEALR
Integer — real a—>a

a BRI —HK
Integer » « a—>a

o ¥ P H IUAR L 1% R AR
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B R EEEARBE SVER S(t) =S(t), FRAXAAREA XL t 454 —
=— R AY & —{X#(the most general unifier) S

B S(t) = S(ty);

B TEATEC#HRS () = S'(t,) RSy, KeS'(t,)ZS(t,)a %5

#]de, t, = pointer(list(a)) t,= pointer(8)

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

RIRSVR R — A 89 & — R
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(2) eMie LB AR S 2| LR L& —
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apply: a,
- /
deref,:pointer(e,) = «, apply : a;
/ \
deref; : pointer(a)— «; g: pointer(pointer(integer))

deref(deref (q ))FI T Hnic FIEVE R
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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)); }// £ & T &

KE: (RIFFRBREARMH ) LBIEE 28
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apply: a,

deref,:pointer(e,) — «a, apply : ¢
\

deref;: pointer(a))— a;  (: pointer(pointer(integer))

R . RH (VS
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: (RIFFRBREARMH ) LBIEE 29
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length : ; Iptr : y;
If : Va.boolean xaxa—>«a;
null : Ve . list () = boolean ;
tl: Va. list () - list () ;
O :integer ; 1: integer ;
+ I Integer x integer — integer ;
match : Va. axa— «a;
match (

length (Iptr),

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

K=

fun length (Iptr) =
if null (Iptr) then 0
else length (tl (Iptr)) + 1;

—

£ 7 935

- ki X, E#length® 349
- R B H I B RARE KA

(RIFFRIEAZAR H) ) KBKE 30
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(1) |lIptr:y (Exp 1d)

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

(3) |length(lptr) : & p=r—>06 |(Exp FunCall)

(4) |lptr:y LNOLIES;

(5) |null:list(er,)) > (Exp 1d)F
boolean (Type Fresh)

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

(7) |0 :iInteger (Exp Num)

(8) |lptr: list(ex ) ML) AT 75

KE: (RIFFRBREARMH ) LBIEE 31
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17 L 1R #e W
9) |tl:list(er) — list(e,) (Exp Id)#F0
(Type Fresh)

(10) | ti(lptr) : list(er,) a, = «a, (Exp FunCall)
(11) |length : list(er) = & M(2)7] 15
(12) |length(ti(Iptr)) : & (Exp FunCall)
(13) |1 :integer (Exp Num)
(14) |+ : integer x integer (Exp 1d)

— integer

KE: (RIFFRBREARMH ) LBIEE 32
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17 E B W 5 R # AN
(15) | length (tl(lptr)) +1 : o= integer |(Exp FunCall)
Integer

(16) |if : boolean xa; x, (Exp Id)#F0
—>a, (Type Fresh)

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

(18) [match: o, x a, (Exp 1d)#0
—>a, (Type Fresh)

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

lengthBR BISE TR Va. list(a) — integer

KE: (RIFFRBREARMH ) LBIEE
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B85S
B FENESN, BAEANG ARG URAER—

514n
B WwkHF+TRATARRAER, “PREIANAJIRGYGLF, AR NZERHK
A

B AAdad, () ZREZHRY, A(l) ARRE AL

ERRYHRR
B AFHEASHIAL, Ao LMAL IR
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function “*” (i, | : integer ) return complex;

Tt

Il

function “*” (X, y : complex ) return complex;
BAHF+ER, TROXVEE:

integer x integer — integer X R LAY KR
Integer x integer —» complex

complex x complex — complex (3*5) *z (z:complex)
| _—FE:{i,c} —_
E: {1} E] {i}
3: Li} " 5: {i}

{ixi>Il,IxlI—>c,cxCc—>C}
KE: (RIFFEMFZARMH ) LKBKE 36
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AN TRERBINERS:

mE->E E'.types = E.types;

424 Btktypes: TR EHEL

HE—>id E. types = lookup(id. entry);

BE->E,(E,) E. types ={s'|E,. typesFHFE—"s, F/s - s'’BTE,. types};

KE: (RIFFRBREARMH ) LBIEE 37
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GRNFTRERBIMEES: Ada 2R T EWREX AR LA

mESE E’.types = E.types; SR N
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);

ME->E(E,) E. types ={s'|E, typesHFE—"s, ffs - s'JETE,. types};

e

Clonce

L‘H

t = E. unique;
S PO
LB M X S={s|s e E,types && s >t € E,.types } ;
RA BB FIRIELREHE, | . o _
TR H R R — £ R A if (S=={s}) E,.unique =s; else E,.unique = type_error;

AR ABATARXBEZE | if (S=={s}) E,.unique = s— t ; else E,.unique = type_error;
E.code = E,.code || E,.code || gen(‘apply’, :’, E.unique);

KE: (RIFFRBREARMH ) LBIEE 38
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FRNTTRERBIMNES: Ada ZRXTHENREXAE—HEA
BESE E'.types = E.types;
If (E'. types =={t}) 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);
BE-SE,(E,) E. types ={s'|E,. typesHFE—"s, #18s > s'J& TE,. types};
L FRFEG LRSS
B, TALBRBBFE | O {s|seE,types && s >t € E, .types } ;
® A exitit#t Htypes If (S=={s}) E,.unique =s; else E,.unique = type_error;
®E£Q)t(?tr§§§c‘£f“e’ if (S=={s}) E,.unique = s— t ; else E,.unique = type_error;
E.code = E,.code || E,.code || gen(‘apply’, :’, E.unique);

KE: (RIFFREMEAMH) KBEE 39
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©)) HhN: FHB - tHIFFNLE LRARELRS

FRBXAR <

B XA LR XET

N HRASEE: wRSAWTEE, UEEENAEEN, AT A% LY
SHERBLLE

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

B R EAAAEMERERBE
BiXe:o—> 7, el:o, We(el):z. e F <, Me(el):z'.

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

B AR EXRAER LB ERETY

Bike.o—> 7, el:o’, R o'<o, Me(el):r.

KE: (RIFFRBREARMH ) LBIEE 40
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long ged (p, q) long p, g;{/*iX & 54 5 BF 894% et X/
I* %% & B8R &9 AR X A& 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));

KE: (RIFFREMEAMH) KBEE
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