IR

PR W

No. 5 : —P&DBIBIL S FE

BINEE CRBORY: THRRLIEHR) VAR PNT | No. 5 : — D BI#HR

micro ML

I oHNs 5585

» micro ML (4 =): —F&, BB S EE
» ZHiRU (5 F): @b, BRELSEE
» micro C (7 &): w5

» A7V MiMEEE

BIIER (REAT MR b F LSk No. 5: —BEOBIEIE

micro ML DX

Sestoft 7 F A b T®D micro ML:
» ML ® F#D/NS Y7y b
» —BEDSEE (not HiFE S EE)
» BB SEE (not ML SEE)
—P& (first-order) vs =il (higher-order)
> ERERERC BIREE S5 o720, BIBEIR L2 0 3 5B
> —PEBIEC MR TARWEE (e d 5o T XA EIR B Y)

Il (AT HRBEH s N

: WOMEHEE 4/ 17

type expr =

CstI of int | CstB of bool |
Let of string * expr % expr
Prim of string * expr x expr

If of expr *x expr * expr

Letfun of string * string * expr *x expr
Call of expr x expr

Var of string

7277 L. Call(el,e2) IZHBWT el ld. Var s D TRITIETWIT R0,
(T—PE3ETH L) Z L DHIIR)

CstB true

If(Prim("=",Var "x",CstI 20),CstI 30,CstI 40)
if x=20 then 30 else 40

Letfun("£f", "x", Prim("+", Var "x",
Call (Var "f", CstI 20))
let £ x = x + 10 in £ 20

CstI 10),

BIlsER (KT BREEE) =Nt ] No. 5 : —FREDRI%AL S FE




micro ML

micro ML DR

» (7027 JL=(0%&R3T)X] THE(TvrIL
> () BBOER,. BEITH LD 5

> BBZ DL DIIMEE 725720 (ZBBUTKETZ W)
» BIERIZA W (B oEOERZ ., AHH)

MmilEE GRERYE THHETE) Tus S LEER No. 5 : — B [ % = 25

%ﬁﬁD—9¥®%%%

6/

=] TRV
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micro ML 70 275 I 7

#i:

z + 8

let f x = x + 7 in £ 2

let f x = 1if x = 0 then 1 else 2 + f(x—1) in £ 7

R micro ML TO Letfun 3R ZEFR T S (OCaml TD let T
1372 < let rec IZHHY T B),

Il (FURZE BB

B o — v OmEt

) FA=P N No. 5 : —BDORE%H S5

i
let x = 10 in
let £f v = x + yv in
let x = 20 in
f 30

B fOFD x 1% 10 DD 20 2D ?
> FRIUHAE (lexical, static binding)

» RS (dynamic binding)
RS BT 5121, £ 2y
R

il BRI 0y 5 LGk No. 5 : —BEOBIS 5 3

> x +yTHBEWS LT TR

B o b — v (BAEPHE, function closure): BIBUEZ &

L7235 D,

let x

let £

let x
£ 30

FEED fIZHNT 2B 0 -y
[(x,10)1)

BiEisty MZ

10 in
= x + vy in
20 in

=

(fy =x+y,
A 3 C D KB
type value =

| Int of int
| Closure of string * string * expr * value env

EFD iz 5B/ 00—y

Closure ("f", "y", Prim("+",...), [(x,Int(10))1)
%ﬁp%&@rﬁﬁ$%®ﬁﬁjf BUEDBBI T <, BBy m—
A = ENDNCE-N

~ 2
{—LL[“;}lEJ‘t (BRI R RS



B o — vy 2o 7-5H

B 0 —Y v &2 ffio EHH

let x = 10 in
let f v = x + vy in

let x = 20 in
£ 30

BREIZHMNST 2D 1%, x=10 DI, HLIE, Bz —Y v

env0 = [("x",Int(10))]

envl = [("x",Int(20)); ("£",Closure ("£","y",Prim(..),env0)
)i ("x",Int (10))]

envl D% & TOD (f30) DFAT -

f DfE% envl 5D,

5% 30 % FEi S 5,

f D5 Ey % 30 IZHMET 5,

ZTN%E env0 ZIBIMT S (1% env2 2T 5)
f OARK%E env2 TiHllis 5,

O W N -

BIIEE CRBERE R No. 5 : —PEOBIBUN S ik

B 7 b0 — ¥ OALE

i TN EFCEERE &L

let x = 10 in let £ y =
let x 30 in let g z

let x = 40 in £ (g 100)

env0 = (x=10)

envl = (x=30; f=Closure(f,y,x+y,env0); env0)

env2 = (x=40; g=Closure(g,z,x+z+f(z),envl); envl)
AR

» 100 DEHETIE env2 Z{H 5,
g DAIR x+z+f(z) DFHAE % BB (z=100;envl) TI7 9,

ZOHD x ZFHL T30 %, z %25 L T100 2155,

f DARIRT x+y DEHE % B (y=100;env0) TI7 5, (F5H 1% 110)
x+z+f(z) DEHHERIRIZ 240 TH B,

f(240) DEHRE%E env2 TIT#R S,

> f DAIR x+y DFHE % BB (y=240;env0) TIT 9,

BILFE (RBRE FRRFR)

B 70— v OALEE

vV vV Vv v Y

B oo —Y vy A0k 1. (BBREEANDXHIE)

let rec eval e env =
match e with
| CstI i — 1

| Letfun(f, x, fBody, letBody) —
let bodyEnv = (f, Closure(f, x,
in eval letBody bodyEnv

fBody, env)) :: env

Moo —T v 2E-> T, ZhEERBEITKNT 57207,

il BRI

No. 5 : —REDBIBEL S35

B 0 — Y vy ~DOX)k 2. (BBGEH N DX

| Call(Var f, eArg) —
let fClosure = lookup env f in
match fClosure with
| Closure (f,x,fBody, fDeclEnv) —
let xVal = Int (eval eArg env) in
let fBodyEnv = (x,xVal):: (f,fClosure):
eval fBody fBodyEnv

:fDeclEnv in

fICHIS S BEZ, BB env 20 5 HUE

ZN % Closure(...) &XX—V v F

f OFEE B eArg & TBAED | BEBE env Tk (F151)

f DARBIE x % F25 5D ARSI HAE (BRELITHEN)
(microML OBISIZ RIS O T) £ 1 50 ffi % 1 BBEI K
f DAMK fBody % ¥ L WEREED £ & TR

v

v vV v v

v

No. 5 : —REOBISI =3
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B B A

VBB 7R - _
. let x = 10 in
> ZHNTAYGIZHREIZ R D07 let fy=x+ vy in
> BIEAEIZ T ADIZIZES LS L nh? let x = 20 in
> B8 O — U v, B (SUFIHC) S NB A, AT Y EMNLET £30
LD TIEHRNP? RS T, MRS 30 127405,
Il (GRERY WRRE) S No. 5 : —REDBEI%E S35 milEs (GRS WER ) 7 i No. 5 : —REDBEHE S 5E

B AN DX i T

eval DEFEZ 1 PMEE TS B o —Y v IicB 105 (Bl % M

T2,
I HAEIZ X IG T 2 eval DEFZD —TB (Fi8) > PREE BBUER L ENER AL YOS S LS
| Call(Var f, eArg) — > R B O — O b AL
e foinTe T ooup env TR > B BB B — Y v R (RO 2 2 7Y 2 L RO
| Closure (f,x,fBody, fDeclEnv) — ATHAIZIEETE D)
let xVal = Int (eval eArg env) in

KHEOERIZZR AT, A741 ROEY (&, TENIX, Sestoft Bl E
let fBodyEnv = (x,xVal):: (f,fClosure) ::fDeclEnv in 0)%4%%7?55) ELTBWTLEX N, S22 hDTFO2 S5 AL, coins
eval fBody fBodyEnv NN L - iy 5 ’
YYD kam/plm/ D NIZBEICEWTH O £,
R E§ N 172 AR 2 Z Cd W, . . . o .
BHFR: LEOTr5 2BAOTEUATEEI RIS Fllx THEOA] DT, 1EOFHEKEICELETT, HEELTLE
let fBodyEnv = (x,xVal)::env in X\,

HBNE, BHI»S, B0 —Y v BIESTIZ, BBOARKDERT
TEREADEWVWIHEETE L\,

IlsEs% CRBRY: TRl Tus 5 LS R No. 5 : —FEDBIEA S5 16 / 17
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