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) FEPA jﬂfl#l. =15

SHWIHIKEEIR (trapped error)
BBl dEEAARR. ERAATR. RENE
AP A AR ) 2
AR AEE 1= (untrapped error)
B #: TAHREEZHmEARTT A6 K3%;
BB — /R A EE, ZMALF S A F ESFR K —
NBE )
B HRERTReA—BREERIALZE
RN HITOEF R LELSBAE N R
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R 1T A/ (well-behaved)fEFF

B XL E L

B e RITANERFZXA XA ETRSEMENES
L4218 E (safe language)

B EN: RAETHETOEAEFHEAERITHY

B XA XRRAAEIHSLAEARTELTIABHRE R
B T EFREBELARARRRB RO LA R AR B
£k $51% (forbidden error)

B RAMBRBERELS + BB RBRY—ANTE

KE: (WIFREMZAR) BEHSHEE 5
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=/ vlas

R o
Clene,

X
oo
e and Te

T ERIRR
B RETEZEAFITHRGBATLTE
AL BIIE S (typed language)

B TERELLELABES

B AN, E9FEFMNEGRBRTURSHAE
B4, EAboolean®) T EXEAEFHRIBITH AR R
A RAE, not (X)& A &L
FEBLAYIE S (untyped language)

B RARHFEEAEEGIET, &= LISP. JavaScript, Perl

KE: (WIFREMZAR) BEHSHEE 6
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EXAXBWES
JES ISR

PR EBLRIES
B RAEARXEANYTRIES, B TRALELBE LR
G AERRE, 2 REE2L/F R FARHKGSH LA

KE: (WIFREMZAR) BEHSHEE 7
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1 *igﬁ e

B S AT, RS =

—a R RHN (typing rule), Al R LB HAEFHEHR KR ER
gt B

RA#SHREGT ARKIESFEFAEBITHGRITH
RB ARG ML

AREEX, ZRABE. 2 BN

RYREEE

KE: (WIFREMZAR) BEHSHEE 8
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R R FFERF (well-typed program) T
ML . g AL £ < o =4 %’.ﬂ%%ﬂ‘, /5"(1]-
AR EBERGER, LRSFLER ko2 ket
RBITAE (typesound) BYIES A
B TAREAABAER (HF4EF) RAERITHMN

B AATHENEZT —RALELNIET

B RS BER SN
RAIIET g AET
R EAAAL R AT A 8942

KE: (WIFREMZAR) BEHSHEE 9
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gggu'ﬂfrln:l

B AALFT LT UAREZITH TR, "hxs’cff-

B —RARRFIRE, é&%%ﬁﬁlﬂéiﬁ%

B EFLEE—REHOEE, &n%iﬁﬂwl;lﬁﬁﬁkﬁ‘

KE: (WIFREMZAR) BEHSHEE 10
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BULBAREESEAREN AR HROHR
Bl CEEEmRE

union U { int ul; int *u2;} u;

INt *p;
u.ul =10;
P = u.uz;
*p = 0;

H

KE: (WIFREMZAR) BEHSHEE 11
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Q) —wmmnEEEE AR
Qs == PH E A==

C'h:l =

B ARERE A SRR GHIE, do:
BHEARBE, XDBH. FEARTE
m ABEERHNAL L, RARERTRARN YR

WA B PAT R FE

ERRIBESIRITE, Z2MHALE]
B CH—RFPALLAECHPFUE fo
B 3 —pEMAJavay LIF 2 @EE
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MNIENMEE
B FAMER: BRFRANHER. AL ELAHAIEBAER
B #3008 R AAFERT A I 25 iE

B EiTMFER: TR HXZ N LHAT B F A
%

5 ik
Eg'fﬁlg\ EE 2

extern float a( ); int b; (a, extern, void->float)

iii%ﬁi/ﬁ//// (b, int )
b =a(): KAUE B

HATRE

KE: (WIFREMZAR) BEHSHEE 13
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1958 . E I E IJ é / University of Science and Technology of China
*i&?sﬁm 7L

KRBRGRE—MEERS
FXAARKNZIHERZL
B AAREREAX (FE2RLECWIE])
at+hb, 3
B RAHAX (Z8EE, FEELCWIEXR)
a+b=3, (d=3)A(c<10)

B AN
AT
a<b, b<c
a<c 2

KE: (WIFREMZAR) BEHSHEE 15
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KRBRGR—INZB RS

BXREAYZIERS KA ARG
B g AKREAX B XA EZAKX
a+b, 3 Int, int — Int
B BHAX B 2 A ¥ F (typing assertion)
a+b=3, (d=3)A(c<10) x:int |- x+3 : int
B A B 2 A BN (typing rules)
a<b, b<c -M:int, T |- N :int
a<c [,%;ﬁ;;mﬁ I'-M+ N :int
(5 £)

KE: (WIFREMZAR) BEHSHEE 16
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7S

I'-S SHIAawmEEAREALLF

A

B TR N#HISRAFE (AFERFEAFTHFTXR) ,
X 1Ty ey X0 T,

B S XM T H X4 RF & RF

B BE A=A EARE X

}

KE: (WIFREMZAR) BEHSHEE 17
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RS

|- ¢ W F &L B R EIRE

B ERAEEAN R IR IE R (M ARER L)
F N

I |- nat EIRETTF, nat® £& k& X

B RN R XA &K XEE &
R

Cl-M:T ARFETT, MEAERT
#: & |-true : boolean X : nat |- x+1 : nat
B R EEIN R AT HEEHI G ER

KE: (WIFREMZAR) BEHSHEE 18



©) mnoasis. RN

BT S B¢

B A BT S (valid assertion)

I |- true : boolean

B %A= (invalid assertion)

I' |- true : nat

HE

FEHELL XS

rsity of Sci and Technology o fCh

T

A FE 0 (inference rules)

T, -S;, ooy T =S

TS

B AT (premise). £E#(conclusion)
B N (axiom) (ATRAZ) | EFHAN

KE: (WIFREMZAR) BEHSHEE
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T

(=) GER IR AL GERE)

578 =gl
Env J — X
( ) D=0 2 IR J
BT 89 3R 5%,
B SR
(Type Bool)  al
ype Boo
ERETT I" |- boolean boolean2 J
M+ NEIntXA RERE X
R T|-M:int,T|-N: int
(Val +) T-M+N:int

KE: (WIFREMZAR) BEHSHEE 20



FEHELL XS

glgﬂﬁ'ﬁﬂype checking)

B AiEEPFOFX, REFELT LR XA KA
AL HERE A R XBWAFHE TS

TR BATIAET, LT UEFTEASTHTAS

JERUHERT (type inference)
AR ERTLEFEATHERA R A
Blde: f(x:t)=E F= f(x) =E&I XA

KE: (WIFREMZAR) BEHSHEE 21
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P—>D;S

D->D;D|id:T

T — boolean | integer | array [num ] of T |
M| T T

S—>id:=E|ifEthenS|whileEdoS|S;S

E—>truth|num|id|EmodE|E[E]|

ET|E(E) 4l
| : Integer;
] > integer;
J :==1mod 2000

KE: (WIFREMZAR) BEHSHEE 23
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40

628 p
(Env &)

D|-0

I'l-T, 1d ¢ dom (I')
L,Lid:T|-0

(Decl Var)

APid: TREZFEETH—AFHAED
BE—ANFHES, WOZBRE (FTLR) PHER—A
R

KE: (WIFREMZAR) BEHSHEE 24
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) 3 I

WBERN
-9
Type Bool
e ) I" |- boolean
(Type Int) -0
I" |- integer
(Type Void) -0
void i F & T iE &) £ A I |-void

AR E TR AN TWRERAXFFLZL—K

KE: (WIFREMZAR) BEHSHEE 25
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BERN
(Type Ref) (T #void)
AiRkiEk: 1T

-T
I' |- pointer(T)

I'|-T, T'|-N:integer
I" |- array(N, T)

(Type Array) (T # void)
BARiE%: array [N]of T

(N>0)

(Type Function) (T,, T, # void)

REW T FORERAXAGRIFIER

KE: (WIFREMZAR) BEHSHEE 26
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*ﬁ:?ﬁ -- EEBSHRN
ERFN— FIAR

(Exp Truth) | TR
I" |- truth : boolean

(Exp Num) I'|-9
I' [- num : integer

(Exp 1d) r,id:T,T, -0
r,d:T,T,|—-id: T

KE: (WIFREMZAR) BEHSHEE 27
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BN — AR

(Exp Mod) T |- E,: integer, T |- E,: integer
I' |- E, mod E,: integer

(Exp Index) I' |- E;: array(N,T), I" |- E,: integer

T -E,E,]:T
(0 <E,< N-1)
(Exp Deref) T |- E : pointer(T)
Cl-ET:T
(ExpFunCall) - v g:7, 57T, TEE;T,
Cl-E (E):T,

KE: (WIFREMZAR) BEHSHEE 28
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EBAN—:Fa

(State Assign) (T=boolean or

Cf—id:T, T|-E:T
I' - 1id := E : void

T=Integer)
(State If) I' |- E : boolean, T" |- S : void
I' |- if Ethen S :void
(State While) I' |- E : boolean, T |- S : void
I" |- while E do S: void
(State Seq) T |-S;: void, T |-S,: void

I'-S;;S,:void

KE: (WIFREMZAR) BEHSHEE 29



* @ty i# é ﬁha‘fgy fChé
BaE

WiNEZERI SRR BE R ERS
B OgHHEE: TERXMEARZL
B XAFRTHEERAFTE
B AR R A XKRAHFEE
B4K: array [N]of T % array (N, T)
T pointer (T)
B ZEIRENE R, BT £Atype error

KE: (WIFREMZAR) BEHSHEE 30
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© wmis— mwmian

D—->D;D //D1
Do>id: T {addtype (id.entry, T.type)} /D2
addtype: XA EFEEANF T £

e RRAEFFASTH#ATEBEE, ZELABR?

Je, [ AR exitD2 (ast) ¥ 3 A 3taddtypedy 8 A
defT R X SAEHDLR? (labl-3)

R ist (TURAARHETRAEROEZE LF)

TR E S A5 D1 R?

stlist F AE LR E (T AR I8 Iterator )

KE: (WIFREMZAR) BEHSHEE 31
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D—->D;D

Do>id: T {addtype (id.entry, T.type)}

T — boolean {T.type = boolean} (Bool,--

T — integer {T.type = integer} (Int, --)
T>1T, {T.type = pointer(T,.type)}  (Pointer,T1)

T — array [num] of T,

{T.type = array(num.val, T,.type)} (Array,T1,num)
T>T,‘>T, {T.type=T,type > T,type} (Fun,Ti,T2)
IR T AR RA?

(R XA, LA LR HAE L)

KE: (WIFREMZAR) BEHSHEE 32
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f*iﬁﬁ Ex e

E — truth {E.type = boolean }
E — num {E.type = integer}
E—id {E.type = lookup(id.entry)}

BRTR, RRidey£E

KE: (WIFREMZAR) BEHSHEE 33
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D)) mmps  wmat

E — truth {E.type = boolean }
E — num {E.type = integer}
E—id {E.type = lookup(id.entry)}

E— E, modE, {E.type=ifE,.type ==Integer and
E,. type == integer then integer
else type_error }
E—->E [E] {E.type = if E,. type == integer and
E,. type == array(s, t) thent

else type_error }

KE: (WIFREMZAR) BEHSHEE 34
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f*iﬁﬁ Ex e

E - E,T { E.type = if E,.type == pointer(t) then t

else type_error }

E—>E,(E,){E. type=IfE,.type ==s and
E,. type ==s >t thent

else type_error }

KE: (WIFREMZAR) BEHSHEE 35
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E—>E, 0pE,
{E.type = If E,.type == Integer and E,.type == integer
then integer
else If E,.type == integer and E,.type == real

then real

else If E,.type == real and E,.type == integer
then real

else if E,.type == real and E,.type == real
then real

else type_error }

KE: (WIFREMZAR) BEHSHEE 36



FEHELL XS
BEE 50

S—id = E{if (id.type == E.type &&
E.type € {boolean, integer}) S.type = void;

else S.type = type_error;}
S — if E then S, {S. type = if E. type == boolean then S,. type
else type_error }
S — while E do S, {S.type = if E.type == boolean then S,. type
else type_error }
S—>S,; S, {S. type = if S,. type == void and
S,. type == void then void

else type_error }
sKE: (RIFRBEREAR) EEHISHENE 37



) gmieE 2

P—>D;S {P.type=IifS. type ==void then void

else type_error }

KE: (WIFREMZAR) BEHSHEE 38
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i RN miE=IRYETCIN

[ParseTree]=» AST = HBKE
RBKEFRSSIY

B —AAEERBTEART

Wi SETRYCHE -

B 50 TMETTRRAMER

B 5 Ay Visitori& it
. B TR AREHIRE L, ERZERIET)
@}éﬁ . ANTLRAi)gS(‘ 5*% ¥ ‘ e:e®e#Mult |[e '+'e#Add |INT #Int;

X_J_L\Z éﬁ 1% (2{;_ *@ éﬁ ANTLRA &5 £ & £ A0 LT L £ XXXParser.MultContext
O AFRALL?
enterfeexits & ANTLRA % & 5 ik B3} 5 4935 k250 89 enterfrexit 7

public interface X3 (T istener extends ParseTreeListener {
void enterMult(XXXParser MultContext ctx);
void exitMult{ XXX Parser. MultContext ctx);

sKE: (RIFREBRAEAY




sk Lk
I RIFESRAIEREM

c1_recognizer.:syntax_tree::syntax_tree_node

:ParseTree]9 AST 9 %ﬁ*&ﬁ c1_recognizer.:syntax_tree:|assembly

c1_recognizer.:syntax_tree:|cond_syntax

] AN T L RM c1_recognizer.:syntax_tree::expr_syntax

c1_recognizer:syntax_treel:binop_expr_syntax

:)arseT ree QAST ¢1_recognizer:syntax_treelliteral_syntax

¢1_recognizer:syntax_treellval_syntax

[ SvntaX tree nOde c1_recognizer.:syntax_treelunaryop_expr_syntax
- o o c1_recognizer.:syntax_tree::global_def_syntax
. ‘ijj ]‘\;] %‘ ¢1_recognizer:syntax_tree:|func_def_syntax
i ¢1_recognizer:syntax_tree:|var_def_stmt_syntax
Syntax_tree_bu I Ide I c1_recognizer:syntax_tree::stmt_syntax

antlrcpp: :Any syntax_tree_builder::visitExp(ClParser::ExpContext *ctx) er:syntax_tree: assign_stmt_syntax
| ¥ c1_recognizer:syntax_tree:|block_syntax

stresyntax_tree_node» syntax_tree builder::operator(){antlrd::tree::ParseTree *ctx)jNizer:syntax_tree:lempty_stmt_syntax

{ jnizer::syntax_tree:|{func_call_stmt_syntax
sute result = visit(ctx); jnizer::syntax_tree:|if_stmt_syntax
if (result.is<syntax_tree_node *>(1)

return ptrisyntax_tree_node:(result.as<syntax_tres_node *:(1); Jnizer::syntax_tree:jvar_def_stmt_syntax

(9 c1_recognizer.:syntax_tree:|while_stmt_syntax

KE: (RIFFRBMEA) EEHFHEF 40


https://www.educoder.net/shixuns/qix6mfn3/challenges
https://github.com/ustc-compiler/2018fall/blob/master/c1recognizer/include/c1recognizer/syntax_tree.h#L71
https://github.com/ustc-compiler/2018fall/blob/master/c1recognizer/src/syntax_tree_builder.cpp

sk Lk
I RIFESRAIEREM

c1_recognizer.:syntax_tree::syntax_tree_node

:ParSETl’ee]9 AST 9 %g!*‘&ﬁ c1_recognizer.:syntax_tree:|assembly

c1_recognizer.:syntax_tree:|cond_syntax

AST E"J E )‘( c¢1_recognizer:syntax_tree::expr_syntax

c1_recognizer:syntax_treel:binop_expr_syntax

¢1_recognizer:syntax_treelliteral_syntax

B syntax_tree node

Public Member Functions

¢1_recognizer:syntax_treellval_syntax

c¢1_recognizer.:syntax_treelunaryop_expr_syntax

¢1_recognizer:syntax_tree:|func_def_syntax

Public Attributes
int line

int pos

¢1_recognizer:syntax_tree:|var_def_stmt_syntax

c1_recognizer.:syntax_tree::stmt_syntax

¢1_recognizer:syntax_tree:|assign_stmt_syntax
. SyntaX_tl’ee c1_recognizer:syntax_tree:|block_syntax

c¢1_recognizer.:syntax_tree:lempty_stmt_syntax

\ .
17‘3- Iﬁ] % c1_recognizer:syntax_tree:{func_call_stmt_syntax
c1_recognizer:syntax_tree:|if_stmt_syntax

Syn tax_t ree_v I S I to r c1_recognizer:syntax_tree:|var_def_stmt_syntax

c1_recognizer.:syntax_tree:|\while_stmt_syntax

KE: (RIFFRBMEA) EEHFHEF 41


https://github.com/ustc-compiler/2018fall/blob/master/c1recognizer/include/c1recognizer/syntax_tree.h#L71
https://github.com/ustc-compiler/2018fall/blob/master/c1recognizer/src/syntax_tree.cpp
https://github.com/ustc-compiler/2018fall/blob/master/c1recognizer/include/c1recognizer/syntax_tree.h#L211
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S B 0 32 A B 00 9T
main() {
printf(\n%ld\n”,gcd(4,12));

continue:

}
S iE e SRS T
continue.c: In function ‘main’:

continue.c:3: continue statement not within a loop

KE: (WIFREMZAR) BEHSHEE 42
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iR E—BAAT NS T
main() {
Nt i;
switch(1){
case 10: printf(“%d\n”, 10); break;
case 20: printf(“%d\n”, 20); break;
case 10: printf(“%d\n”, 10); break;
}
}
T F ARG T
switch.c: In function ‘main’:
switch.c:6: duplicate case value
switch.c:4: this is the first entry for that value
sKE: (RIFRBEREAR) EEHISHENE 43
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B AR&AHMEHAF, QAT Eamyxtit
B RELRERBE AT ERL
5] 24

I Rag— A KEL, IRALERENaf&atyih
HAKMaE — AN EGE, CSNOERARE
KA ?

AW ANACIAAREFREREBITERRET

KE: (WIFREMZAR) BEHSHEE 44
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typedef int A[10][20];
A a;

A *fun() {

return(a);

}
ZHHEAELInux ERgechi®, ML ERT:
#547: warning: return from incompatible pointer type

KE: (WIFREMZAR) BEHSHEE 45
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typedef int A[10][20];
A a;

A *fun() {

return(&a);

}
ZR B AELinux £ Flgecctmidmy, A iR

KE: (WIFREMZAR) BEHSHEE 46
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typedef int A[10][20];
typedef int B[20];
A a;

B *fun() {

return(a);

}
ZH A Linux ERgecmiErr, & H 4R

KE: (WIFREMZAR) BEHSHEE 47
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typedef int A[10][20];
A a;

fun() { printf(“%od,%d,%d\n”, a, a+1, &a+1);}
main() { fun(); }

AL B ITHRER
134518112, 134518192, 134518912

KE: (WIFREMZAR) BEHSHEE 48
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F—ANt RR e K @ali [i0,]...[1 1R,
X Rang XA L.
pointer(array(0.. 1,-1, ... array(0.. 1 -1, t)...))

XA X&ady XA & .
pointer(array(0.. 1,-1, ... array(0.. 1 -1, t)...))

KE: (WIFREMZAR) BEHSHEE 49
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@c\

X RBIFIEN TR =) WMAIERRBRENEE?
SHMER. LFEN
B REAREXKX—NBELZE, mARFIAFHGEA
typedef cell *link;

link next;
link last;
cell *p;

cell *q, *r;

H

KE: (WIFREMZAR) BEHSHEE 51
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SHFNM

B AXBLH, RANREREAXZLHE

B FAALE, ARBLAZ L XA LA XK,
gk AXTeMmME (RBZ LK)

typedef cell *link;

link next;
link last;

cell *p; next, last, p, qFIr& S
cell *q, *r;

H

KE: (WIFREMZAR) BEHSHEE 52
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©) etz nimit mL LR

sequiv(s, t) (FoK B ZET)
ifsft AR A E K EAR then

return true

else if s == array(s,, s,) and t == array(t,, t,) then
return sequiv(s,, t,) and sequiv(s,, t,)

else if s==s,xs,and t==1t x t,then
return sequiv(s,, t,) and sequiv(s,, t,)

else if s == pointer (s,) and t == pointer(t,) then
return sequiv(s,, t,)

elseifs==s, > s,and t==t, > t, then
return squiv(s,, t,) and sequiv(s,, t,)

else return false

KE: (WIFREMZAR) BEHSHEE 53
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I BFEM

BFEFEM

B RENERBLARRE —ANTREAGRA
B ANEBR XA BEFRBEALEHFH
typedef cell *link;

link next;
link last; nextfllast4 24y
cell *p; p, qFIr & F3E4r

cell *q, *r;

H

KE: (WIFREMZAR) BEHSHEE 54
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&) KBIBEAMEN

PascaliZ T8 2 SRS W AR LieFg AN B R
IR B R AR

type link = Tcell; type link = Tcell;
var next :link; np = Tcell;
last  : link; nqr = Tcell;
D : Teell; var  next : link;
aq.r :Teell; last : link;
p : np;
pSafirfh 2% FEMm g:ngr;
r:nqr;

KE: (WIFREMZAR) BEHSHEE 55
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ICFRERE
B LRRBTHEREZSNBEBOREE
B LRAARZ AN &K H RGBS
Bldm, CIETHILRER
typedef struct {

Int address;

char lexeme [15 ];
}row;

record(address : int, lexeme : array(15, char) )

KE: (WIFREMZAR) BEHSHEE 56



: )2 |

FEHELL XS

rsity of Sci and Technology o fCh

ZE B0
(Type Record) [-T,..T-T.
(IR XAHY) I |- record(l: Ty, ooey 12T,
(Val Record) (1274 X H )

[-MgT,...,T|-M,: T,

["|-record (I, =M, ..., | =M,) :record (1,:T,, ..., 1 :T,)

(Val Record Select) I["|=M:record(l,:Ty, ..., 1,:T))
T-ML:T, (eln)

K= :

(RFERBREA) EEFISHEE
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type link = T cell ;

cell = record

Info : integer ;
. cell = record
next : link |

end; /\
SN SN

Info integer next pointer

FINIREE, a3 ‘
R A WYL ¥ cell

KE: (WIFREMZAR) BEHSHEE 58
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typedef struct cell {

INt info;
struct cell *next;

} cell; cell = relcord « \

/\
/\ O\

Info Int next pomteU

KE: (WIFREMZAR) BEHSHEE 59
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CET MR (EMKR) . AR ITRE AR
ERERFN, RTLFEEANRLFFN, RBLEL

BB P83,
cellzreciord
/ \
Info INt  next pointer

cell
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AEXS/LinNUXME L, BREBRERE —ITAHEIE:
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() {

typedef struct {int i;}S2; return(s);

S1s; }

BCiETYH, RAfENEEIEMELR, HHA
FONBEA XREIR, RPINBHEIELAR?

KE: (WIFREMZAR) BEHSHEE 61
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" 2 m\«“‘\&; g' D‘Eﬁﬂg g I m

Bl 4% 5 K&K 09EAALE?
typedef struct {

Int info;
II)\(( next;
} cell, *link;

unknown type name ‘link’
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% P ) 3

Bl SmiTé B K& K6yE AAZF?

typedef struct cell{ int length(link Iptr) {
Int len = 0;

link p = lptr;

while (list 1= NULL) {

Int info;

struct cell *next;
} cell, *link;

len++;
IR b AR B P = p=next
BERARX, RETHE }
2 R Gifk % B BOF AL return len;

KE: (WIFREMZAR) BEHSHEE 64
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7"‘0,&0_01 — ‘C\\&\ﬁy g s b‘ E ﬁ Eg g I m

Bl defTém B K& KeyERAEF?
FAMLEEEREHEH KX KWGAEFRTLERTHRE
fun length (Iptr) =

If null (Iptr) then 0
else length (tl (Iptr)) + 1;
tl- 2= & & null-RX X £ F H 2

length ( [“sun”, “mon”, “tue”] )
length ( [10,9,81])
ARF T3
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2735 eR # (polymorphic functions) 2 #4 % &
B AHFRBEEGEBA ZH IR GIEFIL
B AR T 35 8 WRAT R E S B RO R £ 6 1

Z7SEFF(polymorphic operators) Ad-hoc % &

B Bl KAES . KA. B4R ETE A8
BEWKABRETTAR LA GRKAE., HEF

B CETFMFXTROLAIAFLKM AR

e REBEHNEHEAR L, RALRFXAREG ‘.0

by 784”7

KE: (WIFREMZAR) BEHSHEE 66
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FENEMNA

XATR
B length®y £ ¥ XL sV a.list(a) — integer
B AREEWIAET AL LR
do, EREBRFRHNEALTERANIEST T, TR
HAERARVEERARAEFLTENRA
function deref (p);

begin

return pT -~ B = pointer (&)

end:

deref IR RV a. pointer(a) > «

KE: (WIFREMZAR) BEHSHEE 67
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D> D:D|id: O 98T o LAY ok Kok

Q - Vtype-variable. Q % & &%
| T
To>T>T
TxT HFILAR LA
unary-constructor ( T)
basic-type
type-variable INRAET =
(T)
E—->E(E)|E E]|id

KE: (WIFREMZAR) BEHSHEE
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O ssmmmrnns
— A EEEERES

P—->D:;E
D—->D;D|Id:Q
Q — Vtype-variable. Q

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

ESE(E)|E E|id

KE: (WIFREMZAR) BEHSHEE 69
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2B 2 G rp 38 N o HETE AN

B IREAN AR T FamB| 2 B P

(Env Var) ['|-90, a ¢ dom ()

ol|-90

B EEAN

(Type Var) r',o, I, -0
Fl, o y FZ |_ a

(Type Product) Cl-T, T|-T

Cl-T,xT

(RFERBREA) EEFISHEE
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KB R G M RO HEZE RN

B EEAN

(Type Parenthesis) C|-T
I'[-(T)

Type Forall

(Typ ) CalT
I'|-Va.T

(Type Fresh) XBTEHRE (o FETT)
I'-VaT, T a|-90
Ial|l-[a/al T

KE: (WIFREMZAR) BEHSHEE 71




FRAZLLX G

\5 * iu gﬁ University of Science and Technology of China
D) s mmRaR:

B AN
(Exp Pair) [|-E:T, T|-E;T,
(Exp FunCall) F-E;:T,»>7T, T'-E,:T,

['|-E; (Ey) 1 S(T))
(£ FPSET T 89K — M6 E&—Kik)
Rit: RBRZAXFT AR T ZALMREROER R AKX
F£## subst(t:type_exp, Sv: type var— type_exp):type_exp
SEffl: Jesubst A FrE A Re X R £k X Rt B —A5%
#l, AS@)&xT
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function subst (t : type_exp, Sv: type var— type_exp ):
type_exp;

begin
if tZEAKXEXA then returnt
else if t £ £A T & then return Sv(t)
else if t &t,— t, then return

subst(t,, Sv) — subst(t,, Sv)
end

BlF (s<tRirsEt LR, oo JRERBITE)

pointer( integer ) < pointer(e) pointer( real ) < pointer(a)

Integer — integer < ¢ > a pointer(a) < B

a<pf
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ai=AYEH)

Bl @£l 4 2R 2K X R AL A6 EH

Integer real
KA g TEAR AR
Integer — real a—>a
a RS —F
Integer - «a a—>«a
o R FR B IR M iz 1
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& —(unify)
B R AEEEARB SVER S(t)=S(t,), TFAXHAA
RE Kt A LB E—

ax— AR B & — X #(the most general unifier) S

mS(t) =S(t);

B R H RS (1) = S'(4,) 8RSV, KkS'(t)~£
S(t,) % 547

KE: (WIFREMZAR) BEHSHEE 75
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g X El %&Eg *i*‘.‘t =

SZSERBMBERBERERE FRX )
(DRA—35HHXHTRAHEAREREA/ S HA AR L
(2) e LR AR b A4~ B £ & —

(3) BT AR KK XA — 4

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

deref(deref (q )) ) bric K EVER
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QO passEsmmEss
XS +J7.Jd S

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))} // £ & & &

KE: (WIFREMZAR) BEHSHEE 77
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19'] glb\@%&ﬂgal‘_‘tﬁ

apply: a,
- G

deref,:pointer(e,) = a, apply : «;
\

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

RERX : KR R &
g : pointer(pointer(integer))

deref, : pointer(a) — o,

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

deref, : pointer(a,) - o,

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

KE: (WIFREMZAR) BEHSHEE 78
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O smimmmmns
fun length (Iptr) =

length : B; Iptr : y; ~ if null (Iptr) then 0

If : Va. boolean xaxa—a; else length (tl (Iptr)) + 1;
null : Ve . list (&) = boolean ;
tl: Vea. list (&) - list (@) ; > KAl & BRI
O :integer ; 1: integer;

+ : Integer x integer — integer ;

match . Va. axa— «a; —
match ( - 2R X, E#length® a9
length (Iptr), -- B B H A ey ARy XA

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

) KE: (WIFREMZAR) BEHSHEE 79



FRBEZLEL %S

5 % E ﬁ E University of Science and Technology of China

17 it R & Sl

(1) |lptr:y (Exp 1d)

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

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

(4) |lptr:y INOLIE:

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

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

(7) |0 : integer (Exp Num)

(8) |lptr : list(a,) M)A 1&
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17 e W 5 R #% A N
9) [tl:list(er) > list(ex) (Exp Id)FA
(Type Fresh)

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

— Integer
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University of Science an

17 e W 5 R #% A N
(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: ¢, x a (Exp 1d)FA
Sa (Type Fresh)

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

length BRI B RELR Va. list(a) — integer

(RFERBREA) EEFISHEE
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Ad-hoc % &
TREag XA R AR 45 )
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EHHS
B 3L, BEH 5 R G LIHRAEE—
4N
B eEAR+TRTRRARXR, “PEEANAIKGLF,
AR —ANZERKEN L F
B AZAdaF, () RAEHRM, A FRRASX

ERHHR
B AEHEATHIINE, HOXRAR IR
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function “*” (1, ] : Integer ) return complex;

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

integer x integer — integer X R X ER

Integer x integer — complex (3% 5) *z (z:complex)

complex x complex — complex
E: {i, c} —_
E: {i}

E: {1}
B:Li} o ]I

5:{i
{ixioiixi>ccxc—oc} U us
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e hFTRERBIRVER S
BE-HS>E E. unique = If E. types == {t}
then t else type _error
HE—id E. types = lookup(id. entry)
BE->E, (E,) E. types ={s'|E,. typesHFE—"s, f&#

8s — s'/ETE,. types}
t = E. unique
S={s|seE, typesands —>t € E,.types }

E,. unique = if S=={s } then s else type_error
E,. unique = if S =={s } then s— t else type_error
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FRBIXR <

B XA LB RRT

B HRESEE: oRsRtTEE, NELZEXAAHH
AE, AT AW LR AseERE 4

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

B (B AAAEARLERDTE
Bixe:oc— 1, elio, We(el):z. 2@ <, Me(el):z'.

M (contravariant) t<t', Mc(t")<c(t)

B OB XA LR LERFE T

Bi&ke:o> 1, el:g, mRo'<g, Me(el):r.
kE: (RIFFRBMEAR) IBEHISOENFE 87
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YRR RTBRERAT @A LR
long ged (p, q) long p, q;{/*X & 54 5 ¥ 69 4% Gt X~/
I* %% 7% B e LA X & long ged (long p, long q) { */
If (0%q == 0)
return Q;
else
return gcd (q, p%0Q);

}

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

} HE: (FIERRMEA) EEHISOBE 88



