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IN N (T ey

RIATNIES

© WHRANENKZIARIET 4

x - 11 = 1. 52 X 7& FIA X P & B 8 T & (free variable)

if (x - 11) == 0 theny + 2 else y / 3 X A9y & FIXA T A E H

let x = 7 in
let v = 2 in let x = expl in exp?2 end &3] NZ E 4F
if (x - 11) == 0 then y + 2 else y / 3 TR FIAX, € AITH expl B{EHF L E
end 3 x £, HiHIHFRE exp? #1E
end
let x = 7 in
let y = 2 in
oty - tetxmxs Tinxryend ) SEEEECECENEELPTEN ST
L FEHE, BEEEETOEABAL
end

end
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FIATLIB = BB

oA, B RIE AL

© AWAE FEIET

Exp ::= const(n) | op(Expy, Exp,) | if(Exp,, Exp,, Exp;) | var(x) | let(x, Exp,, Exp,)

(x = 11) * 2 peedp| mul(sub(var("x"), const(11)), const(2))

if(x—ﬂ):=9theny+Zelsey/3H

If(eq(sub(var("x"), const(11)), const(8)), add(var("y"), const(2)), div(var("y"), const(3)))

let x = 7 in TS
let y = 2 in .
if (x - 11) == 6 then y + 2 else y / 3 = let("x", const(7), let("y", const(2), ---))
end
end
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= RN Sl Y AN T Uy
FRIATUIE = N FRFESKA
o HofTHIE — AN B X E Rtk X AT AR
o HEXARAEEmE At rE At EEMAE

3% (environment) : 447 B B8 & = 2|2 & 41 & 79 2538 45 A4

* AT p REERFE

o A A TZHE, PAAAMATELE

o A [var = vallp =& p L3 B var 2| val 8147 E J5 15 8| & #1352
 AHFAARRNTEHE, BHENIE L] YT

% A [var, » val,,var, — val,|p %7~ [var, = val,]([var, — val,]p)

* A [var, & val;,var, = val,, -] fai& — T 3R
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RIXATUE S HBESKE

T

= [x — 20]

=y 2, x> 11]

4 N = IRE

E& R

2 KABLE R A 18

14 7 el e

O theny + 2 else y / 3 KABLER A 4

KABLLERA -1
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RIATVIE S BARREKIE

Exp ::= const(n) | op(Expy, Exp,) | if(Exp,, Exp,, Exp;) | var(x) | let(x, Exp,, Exp,)

42 A B M val IR RAELE R

A HL
E — const(n) E.val =n 4 AR M p T E REIRE

E.val = f,,(E; . val, E, . val)

I AIVININOINE [ .p=L.p E,.p=E.p E,.p=E.p
E.val=F, .val ? E,.val : E;.val

E — var(x) E.val = E. p(x)

E—let(x,E, E,) BEENN, E,.p=[x— E;.val]E.p

E.val = E,.val
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®

®

RIATVIE S BARREKIE

AT ARG @ (te4eis)3), £ FF A R Gk L KEAN

y

W= 8 => vETEZTUKRER (p, E,v), T EFE p Tk
KA E#HATKENE R A v

W& BT F o AR

P - El = Ve, - E2 = Vo V :]Cop(vl’vZ)

p b const(n) = n p = op(E, Ey) = v kT £ T[4 ]

pEE =>true pFHE =>v pHE >false pFE;=>v px) =v

p Eif(E, By E3) > v p ik, By Ey) = v p Fvar(x) = v

pli=let(x, By E>) = v
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—F &%

© EFKXRBTHEM EImAN—F F%, BP K260 5 Hfo ik
(E T R AT A (bhwo fr RAE. BEAR(E)

let f x = x - 11 in f (f 77) end EX T —NGA f ek

let f x =
let gy =x+ying (2 * x) end XY —/NaA f e RE, H AR
in HEEXLT NN gaX%, m
15 g R BAERT f IHFHSH
end
fetaray: =
inlf x == 0 then 1 else 2 * f (x - 1) FT ALK ke K,
£y ENEZRA T HE R RE(EA 2
end

10
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— I REBIRREKIE

Exp ::= --- | letfun(f, x, Exp,, Exp,) | call(f, Exp,)

© FREAFFIPTILF KBS D] & H T Loy B
% 3T letfun(f, x, E;, E,), & fun(f, x, E,) T &R B

p = [f = fun(f, x, sub(var("x"), const(11))]

let £ x = x - 11 in £ (f 77) end
p = [g — fun(g,y,add(var("x"), var("y")),x — 7]
let f x =
let gy =x+ying (2 * x) end
in
e
end

9
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UNI P

PEK7
@
&,
411‘5.&

A/ / N\ _I_
— B9 R BB R AR SKA
VA

let f x = \ = [x — 42,9 — fun(g, y, add(var("x"), var("y")), x — 7]

let g vy = X

let x = 42 in * x) end

end
in \ /

B (5 4 R 9
end ‘

[f = fun(f,x,E)]lp H E, = v
p = letfun(f, x, E;, E;) = v

A AL EAH7

prE = [p=[AU~ fun(FxEDlp] K= vlp'FE v
p E call(f, E)) = v

ih2
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UNI P

— I REBRREKIE

prE =y p=[-llf - fun(fx Bl [ v FE v

PEK7
@
&,
411‘5.&

p Fcal(f,E) = v

let f x =
if x == 0 then 1 else 2 * f (x - 1)

pEE =>v  p=[-llf-fun(f.x,E)lp’ |IxX v,/ lpFE=>vy
pFcal(f,E) =>v

p3 =[x = 1, f > fun(f, x, ---)]

let f x = pr =[x 2,f - fun(f, x, ---)]

if x == 0 then 1 else 2 * f (x - 1)
in

o PEECEN
end

2025 F & & ¥ 41 (iR E (L 3e3r))

Pyq = [X = 0,f — fun(fa X, )]

13
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SIVIEE!

© R AG S B AR

UNI P

PEK7
@
&,
411‘5.&

I898%

o] (Rt 7] BAAE 3 4K

— N &, B RFBFRTELEREAD

in
let h t =
REGRE2)
end
end

let f x =
let gy =x + vy in g end
in
(f2)3 F—R&HBOAAf 2 £E
end
let f x =

let gy =x + vy in g end

t 3 in

S8t A DR, CRXEREF NS

BBl —ANhe = | J 3%, FHAEA S EL h &3

K2R A f 2 R

WE — K E, FTVOAA £ & — RS E R (AR AT EAL])
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5 R SRR A

© BmEAFEFILE I L P K EE L a5
% 3t F letfun(f, x, E;, E,), it % fun(f, x, E,) & & & 4%7

BN R B SIE R, BE
=1 M o 2T BEAE AT S8 x #Y

=[x+ 2,f > fun(f,x, ---
let f x = p=1 ( )

let gy =x+ vy in g end
p = [f — fun(f,x, )]

[ £a Bl BT K f AR

in
(f 2)|3
end

KR E A& x B91E?

® 7€ (closure): f£18F K% & LB, 12k [ 4 o) | 69313k

[f = |clos(fx, E\,p)lp = E;, = v
p = letfun(f. x, E\, E5) = v

IS

2025 F A ZF % H (% 732 (R 3 BE)) AT R FHEMFE R



= M R FRREKE
prE =v |p(f)=clos(f,x] Ei,pmp' FE =

pFcal(f,E) = v

T+

N pr =[x = 2,f > clos(f, x, -+, [])]

inlEt WA Y in CIOS(g, Vs add(Var(“ Il) Var(“ ||)) pz)
2k p1 = [f = clos(f, x, =+, [])]

end

clos(g, y, add(var("x"), var("y")), p,)

o HBFEHORE f LTUAAEENREKXT:

pEE =>v |pEE > clos(f,x,E,p)| X v,f lp’FE >V
p b cal(Ey), E) = v

16
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SIS EN

o T EXENRMAEMTAITH?

p4 = [x = 8, maker — clos(makefac, maker, ---,

p3 = [x > 1, maker i clos(makefac, maker, -+,

Py = [x = 2,maker — clos(makefac, maker, «--,

p; = [x — 3,maker — clos(makefac, maker, ---,

let makefac mgké
let f x = if x == 0 then 1 else x * (((maker maker) (x - 1))
in f end

in
let fac =|makefac makefac

in fac 3 end
end ‘

KABLLER A 6

o BPERRAFIFH KL, &M KFtue [HEHL] 35 )3

17
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\
L] V\] ,//\\‘
© KNI X HAZIEZ micro-ML

© TR &RT:ETHHENMKX

18
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XHIE=H D a X~

® %%V&&%@Ezﬁ%ﬁ@aMMvﬁﬁﬁﬂﬁéﬁ
& REUL, MR = i hE R AL R E B —FF IR

© E: = bk AL T FEE AT 8B KX XK E M
© TEANERIARRIES, JZFAE2= ) IR )ETE G tLsm BLEH

% K-Normal Form: ZH & . 7 X FHAHE, let 7T A EHE

% A-Normal Form: iZ £ o0&, o ¥ &4, let ... in *lﬂﬁﬁ/\ﬁﬁi’\%
% Continuation-Passing Style: i& ﬁ@\é/\iﬂﬁf H"E, RARZE

© NEET, RELHMME L, HHFERE &

19

2025 4 & & 5 47 (% R 2R (R I0PL) ) ERFTFENER



K—=Normal Form

E::= const(n) | op(E,, E,) | If(E}, E,, E5) | var(x) | let(x, E,, E,) | letfun(f, x, £, E,) | call(E}, E,)

®

N — a3 = = L
BEHESE. DI ARE, let T A ERE:
il t z
A= onst(n) | var(x) At e
let t1 = x - 11 1in
let t2 = t1 == 0 1n
if (x - 11) == 0 theny + 2 else y / 3 P if t2 then y + 2 else y / 3
end
end

2025 F & & ¥ 41 (i RIE (B L)) ERFTFENER
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K—=Normal Form

UNI P

vEK7
@
6>
(KJJS.6

I189%

E::= const(n) | op(E,, E,) | If(E}, E,, E5) | var(x) | let(x, E,, E,) | letfun(f, x, £, E,) | call(E}, E,)

®

ERNE. A LE

M R B, let T UM E o B

58 t 5
A ::= const(n) | var(x) GERC i

E:=A | op(A;, Ay | if(A}, By, Ey) | let(x, Ey, Ey) | letfun(f,x, Ey, Ey) | call(A;, Ay)

let f x =

in
(ERE)
end

if x == B then 1 else 2 * f (x - 1)

let

f x =

let t1 = x == 0 1in

if t1 then 1 else
let t2 = x - 1 in

let t3 = f t2 in 2 * t3 end
end

end

in

let t4 =

f 7 in
et

end

end

24
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UNI P

K—=Normal Form

vEK7
@
6>
(KJJS.6

E::= const(n) | op(E,, E,) | If(E}, E,, E5) | var(x) | let(x, E,, E,) | letfun(f, x, £, E,) | call(E}, E,)

© BHIE. P XKFMHEIRE, 1et o WAl BB
A ::= const(n) | var(x)

E:=A | op(A;, Ay | if(A}, By, Ey) | let(x, Ey, Ey) | letfun(f,x, Ey, Ey) | call(A;, Ay)

let x = 7 in let x = 7 in
let y = 2 in let y = 2 in
let z = let z =
let w=x-1T1in w + y end let w=x-1T1in w + y end
in e in
7 =
end end
end end
end end

20
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A—Normal Form

E::= const(n) | op(E,, E,) | If(E}, E,, E5) | var(x) | let(x, E,, E,) | letfun(f, x, £, E,) | call(E}, E,)

St s % . et .. in T EERG A

A ::= const(n) | var(x) (4 7 | 234 R
C:=A|opA,A,) | callA}, A,)

E:= C|if(A,, E,, E;) |[let(x, Cy, E,)|| letfun(, x, E;, E,)

let x = 7 in let x = 7 in
let y = 2 in let y = 2 in
let z = let w = x = 1 in
let w=x-1T1in w + y end let z = w + y in
in — X - Z
Ve Sl end
end end
end end
end end

28
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A—Normal Form

UNI P

PEK7
@
&,
411‘5.6

I189%

E::= const(n) | op(E,, E,) | If(E}, E,, E5) | var(x) | let(x, E,, E,) | letfun(f, x, £, E,) | call(E}, E,)

o BEBHTE. M FM. let

... 1in F B9 RE!

A ::= const(n) | var(x)

e ORI(A By, Br) | etCo CrL By iletiun G Ersiny)

let f x =
let y =
if x == 0 then 1 else x * f (x - 1)
in
=25
end ¥ FRIAR X JE @ ER
in L oE B AR, TR
] ARAR AL K /N 5 H0HE K
end

let f x =
let t1 = x == 0 in
if t1 then
[let y = 1in let t2 =y + 2 in t2 / 5 end end
else
let t3 = x - 1 in
let t4 = f t3 in

let y = x * t4 in
let t5 =y + 2 in t5 / 5 end end
end end

end
in f 7 end

24
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A—Normal Form

UNI P

I189%

vEK7
@
6>
4118.5

E::= const(n) | op(E,, E,) | If(E}, E,, E5) | var(x) | let(x, E,, E,) | letfun(f, x, £, E,) | call(E}, E,)

®

BESE. DI let

in ¥ Bl SR AR

A ::= const(n) | var(x)

E::=C| let(x, C, E,) | letfun(f, x, E;, E,)

£ if HIA

let T x
let y =
if x == 0 then 1 else x * f (x - 1)
in
7 B
end
in
s
end

let ... in ¥ @5

let f x =
let t1 = x == 0 in
let v =

if t1 then 1 else
let t2 = x - 1 in

let t3 = f t3 in x * t3 end
end

in
let t4 =y + 2 in t4 / 5 end
end
end
in f /7 end

2025 F & & ¥ 41 (i RIE (B L))

AT RFH HEAFER
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Continuation—Passing Style

® |continuation] 878 & LA MEMFE, A £ 4o T 4R
o M RBFAAMAS(RENRASTE)RELFARE

E b 7 |
® iz‘j {E]‘?L\Tiy]bg-/l\)(i%r? % 25 4% % — /B (callback)
A L K H 3R B
function id(x) { function id(x, ret) {
return x ; e 12t (X) ;
§ §
function fac(n) { function fac(n, ret) {
PR ==40) I == \ :
return 1; . THE Kk — 3744
else else
peturn n * fac(n - 1); fac(n - 1, [function (t1) { ret(m * Gl
§ §

26
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Continuation—

Passing Style

UNI P

PEK7
@
&,
411‘5.5

I189%

function fac(n) {
EeBlmtail_tac(n, 1);
¥

iiic R ttail fac(n, a) {
ERR=="0)
return a;

else
EelElisRcal s factn = 1

}

function fac(n, ret) {
tail_fac(n, 1, ret);

function fib(n) {

FEEn<, 2)
return 1;
else

EEEERne i = 1)+ fib(n - 2);

Beig )3 5K HL e i A
: function tail_fac(n, a, ret) {
IS
ret(a);
else
) tail_fac(n - 1, n * a, ret):
}
function fib(n, ret) {
L (neeh) P
r.et(fl)’ 55— &b b )3 & B I
else
e BRI % = 4t )3 6 1

function (t1) {

5

fib(n = 2, function (£2) { reb(GIR=G2E)

240
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PS 1B — M4k

XA Ygm AL 77 A A Continuation-Passing Style (CPS)

SN

/f’j_:jj— Qﬁjﬁf_ E%ﬁ%ﬁﬁué@, GBENE lﬂ*%iﬁuﬂkﬁﬁ- Vl—%v
* fetch(url) I, RFEE YA HH B2 ML E R E
% fetch(url, ret) 4 AMA, RREHE, RE S H ret B E4E

5] 4o, & £ 4R A8 B %K

¢, HF ek 2 R 42

AR T H

function comb(n, k, ret) {
Rapins Sune oM Emy|

] fac(k, function (fk) {
function comb(n, k) { y .
; return fac(n) / (fac(k) * fac(n - k)); faiég<;nk7 E?ECE1?2k§§nk) {
})

function fac(n) { })%>

var res = fetch("./fact/" + n); ) ’

return eval(res);
; function fac(n, ret) {

}

fetch("./fact/" + n, function (res) { ret(eval(res)) });

2025 F & % % A

(i RIE (B L))
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C

®

=S

o B B CPS KA B A2 7,

function fac(n) {
RS ie< 0
RGO ;
glleeRsit '(n == 0)
return 1;
else
el ¢ fac(n - 1);

} ELSE IS

fEEton total _fac(n) {

try {
return fac(n);

[eatch Cex) o
return false;

}

}

UNI P

SN

FHERL FFALEFIESRA K I

vEK7
@
6>
411‘5’5

T K 5 AEE &R, X B4

thro ® i A T3 47 7 % 432

if (n < B)
s
clfcel e CRil=
ret(1);
else
Ea e
§

fac(n, ret,

function fac(n,

function total_
|¥unction (ex) { ret(false) }J;

ret, thro) {
BH);
— )

function (t1) { retn 2 TS SuHiENE

faclnitiret i

}

#HAT % AL IR 4 B I

29
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BRSE a7

| = 7N

UNI P

PEK7
@
&,
4118.6

I898%

E::= const(n) | op(E,, E,) | If(E}, E,, E5) | var(x) | let(x, E,, E,) | letfun(f, x, £, E,) | call(E}, E,)

— KA

VEE S &

o BHAE . A XFHAHRE, RAEREE, FANXF L
A ::= const(n) | var(x)
Cii=A | op(A;, Ay
let f x|retl]-=
let t1 = x == 0 in
if t1 then ret1(1)
let f x = else

if x == 0 then 1 else 2 * f (x - 1)
in

R1T
end

let t2 = x - 1 in
let ret?2 t3 = let t4 = 2 * t3 in ret1(t4) end

in f t2

retZ

end

end end
in

end

let ret3 th = th|in f 7|ret3|end

30
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CPS fE 83— [B) =7~

E::= const(n) | op(E,, E,) | If(E}, E,, E5) | var(x) | let(x, E,, E,) | letfun(f, x, £, E,) | call(E}, E,)

vEK
@
&,
411‘5.6

N— A =L [H ] N /"“ N . o
o BHMNE NI FHAHRE, RAREZRA, A4 KE I LB AL
A ::= const(n) | var(x)
Cii= A | op(Ay, Ay)
let f x retl =
) let t1 = x == 0 1in
leiei ; z if t1 then
if x == 0 then 1 else x * f (x - 1) lete{1zt;)12nzezngze:dy * 2in Tot 3 SRR AT
in
else
i R \\ ) let t4 = x - 1 in
8 P LRI G IR let ret? t5 = let v = x * t5 in
1 A > F[ 4k 34
2h ST, A let t6 =y + 2 in let t7 = t6 / 5 in
end.. P KR HOE K ret1(t7) end end end
in f t4 retZ end
end end in ... end

24
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CPS {E ;—#0tH 8] 3= 7

UNI P

vEK7
@
6>
4118.5

I189%

E::= const(n) | op(E,, E,) | If(E}, E,, E5) | var(x) | let(x, E,, E,) | letfun(f, x, £, E,) | call(E}, E,)

k

© BH =,

N EHARARE, A R%

, FANFK e LE

e

N FRIR R A
ol Do = 3] N—/N#7 & = IR
let t1 = x == 0 1in
let retif y =
7 let t2 =y + 2 in let t3 = t2 / b in
le;ei § i ret1(t3) end end
: " ) in
inlf x == 0 then 1 else x * f (x - 1) i{ £1 then [retif(1)
else
en§V+2)/5 B let t4 = x - 1 in
5 let ret?2 tbh =
let y = x * tb in|retif(y)| end
ena in f t4 ret? end
end
end
end
in ... end

32
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P

5 SSA

20> =] \\ S
© A3 K HOA A AR ZEH AL E _Lé goto 7E 4]
% ~ A 4 Y- ~
© X T—Fr&d, T LA F A XHF ¥ 54 goto #IKoopa IR 2 X
let f x retl =
et ="x == 0 in REOE

let retif y = Elo=hE ==

FERC2 =y 2 1n let £3 = t2 / b in if t1 then

ret1(t3) end end goto retif(1)

in else

if t1 then retif(1) D=

1 : th = f(t4
ie:et4 = x - 1 1in y = X i t%
let ret?2 tb = goto retif(y)
let y = x * tb in retif(y) end
in f t4 ret2 end retif(y):

end t2 =y + 2

end £ U
end return t3
in ... end

28
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FENS
© KA LEZHAZE= micro-ML
© T E KT FTFAEHM X

o HIm%| T im: JRARSF B EMA X & 5742

34
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25

E::=const(n) | op(E,, E,) | If(E}, E5, E5) | var(x) | let(x, E,, E,) | letfun(f, x, £, E,) | call(E}, E,)

sy

79 K=Normal Form (KNF)

A ::= const(n) | var(x)
E:=A|op(A, Ay | If(A, E,, E5) | let(x, E, E,) | letfun(f, x, E, E,) | call(A;, A,)

© RIT—PNBMLiE, BRI BXARF HH A KNF &
F AR
E — const(n) .knf = const(n)

E — op(E,, E,) .knf = let(z, E, . knf, let(z,, E, . knf, op(var(t,), var(t,))))
E — f(E}, E,, E3) .knf = let(z,, E; . knf, if(var(¢)), E, . knf, E5 . knf))

E — var(x) . knf = var(x)

E — let(x, E, E,) .knf = let(x, E, . knf, E, . knf)

E — letfun(f, x, E,, E,) .knf = letfun(f, x, E; . knf, E, . knf)

E — call(E,, E,) .knf = let(z, E, . knf, let(z,, E, . knf, call(var(¢)), var(z,))))

Oy ||| |y
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2Z30 7 A—Normal Form (ANF)

E::=const(n) | op(E,, E,) | If(E}, E5, E5) | var(x) | let(x, E,, E,) | letfun(f, x, £, E,) | call(E}, E,)

A ::= const(n) | var(x)
Ci= A | op(A;, Ay) | call(Ay, Ay) | if(Ay, Ey, E3)
@A et o @B R B lettun(C) onsl )

© FAERIE, TEE EoMfFxE let A X FFIMA]:

let x = 7 in let x = 7 in
let y = 2 in let v = 2 in
let z_= let*w = x = 1 in
let w=x-11inw + vy end let z =w + y in
in o= 7
A &3 let z = ... in ¥ & end
end (AR, B2 E LT end
end R, FroAE B3 Ak AR end
end end
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15 A—Normal

22

function normalize(e, k
N eEleing == "1et") {
return normalize(e.el, function (c1) {
return exp("let", e.x, c1, normalize(e.e2, k));

i
§
Sces (e land. ==
return k(e);
else if (e.kind == "op") {
return normalize(e.el, function (c1) {
var t1 = gentmp();
return normalize(e.e?, function (c2) {
var t2 = gentmp(); Yol BRTFHREAX
return exp("let", t1, c1,
exp("let", t2, c2,

B Ciee s aind == constY)

B, AH A let 48 &
k(exp("op", exp("var", t1), exp("var", t2)))));

s
)

| |
SoiiE

AR MR N R, X —NEBEXNC ETe b
#s (THRRELLLERT ETE let) A4 R £
A, REAEENER ETXFFRGEREAXE

A
=
E

::= const(n) | var(x)
= C | let(x, Cy, E5) | letiln§-oonE sy

n
in

I N ke

let w=x-1T1inw + vy end

=i
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15 A—Normal

22

function normalize(e, k
N eEleing == "1et") {
return normalize(e.el, function (c1) {
return exp("let", e.x, c1, normalize(e.e2, k));

i
§
Sces (e land. ==
return k(e);
else if (e.kind == "op") {
return normalize(e.el, function (c1) {
var t1 = gentmp();
return normalize(e.e?, function (c2) {
var t2 = gentmp(); Yol BRTFHREAX
return exp("let", t1, c1,
exp("let", t2, c2,

B Ciee s aind == constY)

B, AH A let 48 &
k(exp("op", exp("var", t1), exp("var", t2)))));

s
)

| |
SoiiE

AR MR N R, X —NEBEXNC ETe b
#s (THRRELLLERT ETE let) A4 R £
A, REAEENER ETXFFRGEREAXE

A
=
E

::= const(n) | var(x)
= C | let(x, Cy, E5) | letiln§-oonE sy

n
in

I N ke

let w=x-1T1inw + vy end

38
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15 A—Normal

22

function normalize(e, k
N eEleing == "1et") {
return normalize(e.el, function (c1) {
return exp("let", e.x, c1, normalize(e.e2, k));

i
§
Sces (e land. ==
return k(e);
else if (e.kind == "op") {
return normalize(e.el, function (c1) {
var t1 = gentmp();
return normalize(e.e?, function (c2) {
var t2 = gentmp(); Yol BRTFHREAX
return exp("let", t1, c1,
exp("let", t2, c2,

B Ciee s aind == constY)

B, AH A let 48 &
k(exp("op", exp("var", t1), exp("var", t2)))));

s
)

| |
SoiiE

AR MR N R, X —NEBEXNC ETe b
#s (THRRELLLERT ETE let) A4 R £
A, REAEENER ETXFFRGEREAXE

A
=
E

::= const(n) | var(x)
= C | let(x, Cy, E5) | letiln§-oonE sy

n
in

I DO [k=de

let w=x-1T1inw + vy end

=L
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15 A—Normal

22

function normalize(e, k
N eEleing == "1et") {
return normalize(e.el, function (c1) {
return exp("let", e.x, c1, normalize(e.e2, k));

i
§
Sces (e land. ==
return k(e);
else if (e.kind == "op") {
return normalize(e.el, function (c1) {
var t1 = gentmp();
return normalize(e.e?, function (c2) {
var t2 = gentmp(); Yol BRTFHREAX
return exp("let", t1, c1,
exp("let", t2, c2,

B Ciee s aind == constY)

B, AH A let 48 &
k(exp("op", exp("var", t1), exp("var", t2)))));

s
)

| |
SoiiE

AR MR N R, X —NEBEXNC ETe b
#s (THRRELLLERT ETE let) A4 R £
A, REAEENER ETXFFRGEREAXE

A
=
E

::= const(n) | var(x)
= C | let(x, Cy, E5) | letiln§-oonE sy

n
in

IO | e

let w=x-1T1inw + vy end

40
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15 A—Normal

22

function normalize(e, k
N eEleing == "1et") {
return normalize(e.el, function (c1) {
return exp("let", e.x, c1, normalize(e.e2, k));

i
§
Sces (e land. ==
return k(e);
else if (e.kind == "op") {
return normalize(e.el, function (c1) {
var t1 = gentmp();
return normalize(e.e?, function (c2) {
var t2 = gentmp(); Yol BRTFHREAX
return exp("let", t1, c1,
exp("let", t2, c2,

B Ciee s aind == constY)

B, AH A let 48 &
k(exp("op", exp("var", t1), exp("var", t2)))));

s
)

| |
SoiiE

AR MR N R, X —NEBEXNC ETe b
#s (THRRELLLERT ETE let) A4 R £
A, REAEENER ETXFFRGEREAXE

A
=
E

::= const(n) | var(x)
= C | let(x, Cy, E5) | letiln§-oonE sy

n
in

IO e

let w=x-1T1inw + vy end
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15 A—Normal

22

function normalize(e, k
N eEleing == "1et") {
return normalize(e.el, function (c1) {
return exp("let", e.x, c1, normalize(e.e2, k));

i
§
Sces (e land. ==
return k(e);
else if (e.kind == "op") {
return normalize(e.el, function (c1) {
var t1 = gentmp();
return normalize(e.e?, function (c2) {
var t2 = gentmp(); Yol BRTFHREAX
return exp("let", t1, c1,
exp("let", t2, c2,

B Ciee s aind == constY)

B, AH A let 48 &
k(exp("op", exp("var", t1), exp("var", t2)))));

s
)

| |
SoiiE

AR MR N R, X —NEBEXNC ETe b
#s (THRRELLLERT ETE let) A4 R £
A, REAEENER ETXFFRGEREAXE

A
=
E

::= const(n) | var(x)
= C | let(x, Cy, E5) | letiln§-oonE sy

n
in

I N e

let w=x-1T1inw + vy end
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15 A—Normal

22

function normalize(e, k
MR == "1et" ) {
return normalize(e.el, function (c1) {
return exp("let", e.x, c1, normalize(e.e2, k));

1);
}

AR tetlaindy== "var" || e.kind == "const")
return k(e);
else if (e.kind == "op") {
return normalize(e.el, function (c1) {
var t1 = gentmp();
return normalize(e.e?, function (c2) {
e i) % o] RBEFRER
return exp("let", t1, c1,
exp("let", t2, c2,

B, AH A let 48 &
k(exp("op", exp("var", t1), exp("var", t2)))));

—orm (AN

| |
SoiiE

AR MR N R, X —NEBEXNC ETe b
Hes (THRELAEMRTETE let) A s HE R £
A, REAEENER ETXFFRGEREAXE

A ::= const(n) | var(x)
E::= C | let(x, Cy, By [NlethUnE oerE s

k1 = fun (c) { return c; }

fun (c1) { return let("z", c1, norm("x -
fun (c1) { return let("w", c1, norm("w + y", k4)); }

z", k1)); }

= I DO =t
=
=

=[x - 1/in w + y end
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15 A—Normal

22

function normalize(e, k
N eEleing == "1et") {
return normalize(e.el, function (c1) {
return exp("let", e.x, c1, normalize(e.e2, k));

i
§
Sces (e land. ==
return k(e);
else if (e.kind == "op") {
return normalize(e.el, function (c1) {
var t1 = gentmp();
return normalize(e.e?, function (c2) {
var t2 = gentmp(); Yol BRTFHREAX
return exp("let", t1, c1,
exp("let", t2, c2,

B Ciee s aind == constY)

B, AH A let 48 &
k(exp("op", exp("var", t1), exp("var", t2)))));

s
)

| |
SoiiE

AR MR N R, X —NEBEXNC ETe b
#s (THRRELLLERT ETE let) A4 R £
A, REAEENER ETXFFRGEREAXE

A
=
E

::= const(n) | var(x)
= C | let(x, Cy, E5) | letiln§-oonE sy

n
in

I N e

let w=x -1 1in|w + y|end
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15 A—Normal

22

function normalize(e, k
N eEleing == "1et") {
return normalize(e.el, function (c1) {
return exp("let", e.x, c1, normalize(e.e2, k));

i
§
Sces (e land. ==
return k(e);
else if (e.kind == "op") {
return normalize(e.el, function (c1) {
var t1 = gentmp();
return normalize(e.e?, function (c2) {
var t2 = gentmp(); Yol BRTFHREAX
return exp("let", t1, c1,
exp("let", t2, c2,

B Ciee s aind == constY)

B, AH A let 48 &
k(exp("op", exp("var", t1), exp("var", t2)))));

s
)

| |
SoiiE

AR MR N R, X —NEBEXNC ETe b
#s (THRRELLLERT ETE let) A4 R £
A, REAEENER ETXFFRGEREAXE

A
=
E

::= const(n) | var(x)

= C | let(x, Cy, E5) | letiln§-oonE sy

let x = 7 in
let y = 2 in
let w=x -1 in
let z =w + y in
=
end
end
end
end

45
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15 A—Normal

22

function normalize(e, k
N eEleing == "1et") {
return normalize(e.el, function (c1) {
return exp("let", e.x, c1, normalize(e.e2, k));

i
§
Sces (e land. ==
return k(e);
else if (e.kind == "op") {
return normalize(e.el, function (c1) {
var t1 = gentmp();
return normalize(e.e?, function (c2) {
var t2 = gentmp(); Yol BRTFHREAX
return exp("let", t1, c1,
exp("let", t2, c2,

B Ciee s aind == constY)

B, AH A let 48 &
k(exp("op", exp("var", t1), exp("var", t2)))));

s
)

| |
SoiiE

AR MR N R, X —NEBEXNC ETe b
#s (THRRELLLERT ETE let) A4 R £
A, REAEENER ETXFFRGEREAXE

A
=
E

::= const(n) | var(x)

= C | let(x, Cy, E5) | letiln§-oonE sy

let x = 7 in
let y = 2 in
let w=x -1 in
let z =w + y in
=
end
end
end
end

46
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22

| |
SoiiE

79 A—Normal Form (AN

A ::= const(n) | var(x)
E=—C| let(x, Cy, E5) | letfun( f;x; E{,E5)

else if (e.kind == "if") {
return normalize(e.el, function (c1) {
Vel 12 e gentmp(); if £ Cﬂ%ﬁﬂ, ETWJ’W'] k éﬁ;;‘%i
return exp("let", t1, c1
k(exp("if", exp("var", t1),
normalize(e.e2, function (c) { return c; }),
normalize(e.e3, function (c) { return c; }))));

})
5 4o B X B K, TH S BARL K/ IEEEK
At Geldind == "letfun") {
return exp("let", e.f, e.x,
normalize(e.el, function (c) { return c; }),
normalize(e.e2, k));
} o K Btk SR B R A K
IR e nkaindl == e al 1'): {
... // similiar to the op case

}

2025 4 & & 5 47 (iR E (L 3e3r)) ERFTFENER
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2Z30 7 A—Normal Form (ANF)

let f x =
let y =
if x == 0 then 1 else x * f (x - 1)
in
B2 5h
end
in
i
end

k1 = fun (c) { return c; }

48
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2Z30 7 A—Normal Form (ANF)

let f x
let vy
if x == 0 then 1 else x * f (x - 1)
in
B2 5h
end

in
i
end

k1 = fun (c) { return c; }

k2 = fun (c) { return c; }

49
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79 A—Normal Form (ANF)

UNIpP

YEKy
@
&
4115’3

I189%

let f x
let vy =
if x == 0 then 1 else x * f (x - 1)

in
Gk s
end
in
i)
end

k1 = fun (c) { return c; }
k2 = fun (c) { return c; }

k3 = fun (c1) { return let("y", c1, norm("(y + 2) / 5", k2)); }

50
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UNIpP

2379 A—Normal Form (ANF)

YEKy
@
&
J_L[S’b

let f x
let vy =
if/x == B|then 1 else x * f (x - 1)

in
Gk s
end
in
)
end

k1 = fun (c) { return c; }
k2 = fun (c) { return c; }
k3 = fun (c1) { return let("y", c1, norm("(y + 2) / 5", k2)); }

k4 = fun (c1) { t1=gentmp(); return let(t1, c1, k3(if(t1, norm("1", id), norm("x * f(x-1)", id))); }

&
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79 A—Normal

—orm (ANF)

UNIpP

I189%

YEKy
@
&
«*I_IJS’b

let f x =
let vy =
let t1 = x == 0 in
if t1 then|1|else x * f (x - 1)
end
in
GRS
end
in
e
end

k1 = fun (c) { return c; }
k2 = fun (c) { return c; }

k3 = fun (c1) { return let("y", c1, norm("(y + 2) / 5", k2)); }

kb = fun (c) { return c; }

2025 F & & 5 7

(%% R 32 (S50 3E) )

AT R HALE
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3

79 A—Normal

—orm (ANF)

UNIpP

YEKy
@
&
«*I_IJS’b

I189%

let f x =
let vy =
let t1 = x == 0 in
if t1 then 1 else|x * f (x - 1)
end
in
GRS
end
in
e
end

k1 = fun (c) { return c; }
k2 = fun (c) { return c; }

k3 = fun (c1) { return let("y", c1, norm("(y + 2) / 5", k2)); }

k6 = fun (c) { return c; }

96
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2379 A—Normal Form (ANF)

vEKg
‘QIIIES
&
118>

let f x =
let vy =
let t1 = x == 0 in
if t1 then 1 else|x|* f (x - 1)
end
in
GRS
end
in
e
end

k1 = fun (c) { return c; }
k2 = fun (c) { return c; }
k3 = fun (c1) { return let("y", c1, norm("(y + 2) / 5", k2)); }

k6 = fun (c) { return c; }
k7 = fun (c1) { return norm("f(x-1)", fun (c2) { t2=gentmp(); return let(t2, c2, k6(c1 * t2)); }); }
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=30 79 A—Normal

—orm (ANF)

UNIpP

YEKy
@
&
J_L[S’b

I189%

let f x =
let y =
let t1 = x == 0 1in

if t1 then 1 else x *

T (=)

end
in
WAL
end
in
e
end

k1 = fun (c) { return c; }

k2 = fun (c) { return c; }
k3 = fun (c1) { return let("y", c1, norm("(y + 2) / 5", k2)); }

k6 = fun (c) { return c; }
k& = fun (c2) { t2=gentmp(); return let(t2, c2, k6("x" * t2)); }

39
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2379 A—Normal Form (ANF)

vEK7
‘QIIIES
&,
115>

let f x =
let vy =
let t1 = x == 0 in
if t1 then 1 else x *|f|(x - 1)
end
in
GRS
end
in
e
end

k1 = fun (c) { return c; }

k2 = fun (c) { return c; }

k3 = fun (c1) { return let("y", c1, norm("(y + 2) / 5", k2)); }
k6 = fun (c) { return c; }

k8 = fun (c2) { t2=gentmp(); return let(t2, c2, k6("x" * t2)); }

k9 = fun (c1) { return norm("x-1", fun (c2) { t2=gentmp(); return let(t2, c2, k8(c1 t2)); }); }
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7 A—Normal Form (ANF)

G

118

vEKg

UNIpP

18989

let f x =
let vy =
let t1 = x
if t1 the
end
in
WAL
end
in
e
end

== 0 1n

nlelsex *f

Sl

k1 = fun (c) { return c; }

k2 = fun (c) { return c; }
k3 = fun (c1) { return let("y", c1, norm("(y + 2) / 5", k2)); }

k6 = fun (c) { return c; }

k8 = fun (c2) { t2=gentmp(); return let(t2, c2, k6("x" * t2)); }

k10 = fun (c2) { t2=gentmp(); return let(t2, c2, k8("f" t2)); }

2025 & & & 1 (i RIE (B L))
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2Z30 7 A—Normal Form (ANF)

k3 = fun (c1) { return let("y", c1, norm("(y + 2) / 5", k2)); }

UNIpP

vEK7
@
6
J_L[S’b

I189%

let f x =
let vy =
let t1 = x == 0 in
if t1 then 1 else
let t2 = x - 1 in x *|f t2|end
end
in
G2 b
end
in
i

end

k1 = fun (c) { return c; }
k2 = fun (c) { return c; }

k6 = fun (c) { return c; }
k& = fun (c2) { t2=gentmp(); return let(t2, c2, k6("x" * t2)); }
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15 A—Normal

—orm (ANF)

UNIpP

I189%

YEKy
@
&
4115’3

let f x =
let y =
let t1 = x == 0 in
if t1 then 1 else

e

let t2 = x - 1 in let t3 = f t2 1n
end
in
e ey S
end
in
fe)
end

end end

k1 = fun (c) { return c; }
k2 = fun (c) { return c; }

k3 = fun (c1) { return let("y", c1, norm("(y + 2) / 5", k2)); }

k6 = fun (c) { return c; }

2025 & & & 1 (i RIE (B L))

TR EAE B

e



3

79 A—Normal Form (ANF)

UNIpP

I189%

vEK7
@
&>
(I_Ll‘:‘fb

in

end
in

fe)
end

let f x =
let y =
let t1 = x == 0 in

if t1 then 1 else
let t2 = x - 1 in let t3 = f t2 in x * t3 end end

end

(s S

k1 = fun (c) { return c; }
k2 = fun (c) { return c; }

k3 = fun (c1) { return let("y", c1, norm("(y + 2) / 5", k2)); }

2025 & & 5 5

(i RIE (B L)) AHERFITENFEIR
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2Z30 7 A—Normal Form (ANF)

let f x =
BalEn = e == 1h
let y =
if t1 then 1 else
let t2 = x - 1 in let t3 = f t2 in x * t3 end end
in

Ut Re s
end

end

in

fe)

end

k1 = fun (c) { return c; }
k2 = fun (c) { return c; }
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179 A—Normal Form (ANF)

UNIpP

vEK7
@
&>
4116’3

I189%

let f x =
let t1 = x == 0 in
let y =
if t1 then 1 else

in

e 7h) s
end

end

in

fe)

end

let t2 = x - 1 in let t3 = f t2 in x * t3 end end

k1 = fun (c) { return c; }
k2 = fun (c) { return c; }

k11 = fun (c1) { t1=gentmp(); return norm("5", fun (c2) { return k2(t1 / c2); }); }
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79 A—Normal Form (ANF)

UNIp

vEK7
@
&>
4;16’3

I189%

let f x =
BalEn = e == 1h
let y =
if t1 then 1 else
let t2 = x - 1 in let t3 = f t2 in x * t3 end end

in

let t4 =y + 2 in t4 /|5|end
end
end
in
fe)
end

k1 = fun (c) { return c; }
k2 = fun (c) { return c; }
k12 = fun (c2) { return k2(t1 / c2); }
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79 A—Normal Form (ANF)

let f x =
let t1 = x == 0 in
let y =
if t1 then 1 else
let t2 = x - 1 in let t3 = f t2 in x * t3 end end
in
let t4 =y + 2 in t4 / 5 end
end
end
in
IEd
end
k1 = fun (c) { return c; }
k2 = fun (c) { return c; }
2025 F & % 5 A (Hi% R IR (K IE) ) R KRF T ENFE R
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2=38 79 A—Normal Form (AN

let f x =
BalEn = e == 1h
let y =
if t1 then 1 else
let t2 = x - 1 in let t3 = f t2 in x * t3 end end

| |
SoiiE

in
let t4 =y + 2 in t4 / 5 end
end
end
in

[
end

k1 = fun (c) { return c; }
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223875 A—Normal Form (AN

let f x =
let t1 = x == 0 in
let y =
if t1 then 1 else
let t2 = x - 1 in let t3 = f t2 in x * t3 end end
in
let t4 =y + 2 in t4 / 5 end
end
end
in
)
end

| |
SoiiE

© >k —NERMEXE, BRI XL F RN ANF R
© HhEX: e T30 %K # XAL 554 A CPS A .7
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A AN

o WfALERE XK. &P &K

M
ot
v

let f x = let f x =
let gy =x+vyin g end let gy =x + vy in g end
in | 1 1
G203 let t1 = f 2 in t1 3 end
end end
let f x = let f x =
let gy =x+ vy in g end let gy =x +vy in g end
in in
let h t =t 3 in | J@t h £ = t 3 in
RRREEE2) let t1 = f 2 in h t1 end
end end
end end
2025 F A% 5 (4% R IE (F 50 5E) ) T RFHENFER
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® >
' _ AR
ISR = let f x = il U {% S :
) . . . let g 5 clos @g {x} in g end
let gy =x+vyin g end let gy =x+vy1in g end fun o
in = in J y Y
engf 2 & enzet t1 = f 2 in t1 3 end Tot = clos Ui B in
let t1 = f 2 in t1 3 end end
let f x = let f x - Uil (67 5 2 = :
let = X + vy in g end let = X + Vy in g end let g = clos €y ix} in g end
: Jy i : J ¥ L fun @g {x} y = x +y
o ek fun @h {} t = t 3
let h t =t 3 in > letht=1t3in
) let t1 = f 2 in h t1 end Tot £ = clostiie B
end end : g
4 £ let h = clos @h {} in
let t1 = f 2 in h t1 end end end
2025 F &5 ¥ (%% R IE (E ) ) T RFHENFER




ik

aEHa  (closure conversion)

A ::= const(n) | var(x)
e @ElCr €, E5) | letfun(f, x, E{, E,)

A ::= const(n) | var(x)

E:=C | let(x,C,, E,) | letclos(f, @Z, {A,, -, A}, E,)

P::=E | fun(@z, {yiiitsy s e

® AxT&> letfun(f,x, E,, E,), i T 4L ZE:
& A R—NFEREARIT @F

& TR B E A
» EFRINE A — T K fun(@7, {y;, -

7 i [ e

], REMAREEE Yy, -, ),

9yn;}9x9 El)

* )R KA letfun 12 B 544 letclos(f, @7, {y,, -, v, }, E,)

70
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A Bl EEHL (closure conversion)

let makefac maker =
let f x = if x == 0 then 1 else x * ((maker maker) (x - 1))
in f end
in
let fac = makefac makefac
in fac 3 end
end

let makefac maker =
let f x =
if x == 0 then 1 else
let t1 = maker maker in
10 B2 e W
let t3 = t1 t2 in x * t3 end
end
end
in T end
in
let fac = makefac makefac
in fac 3 end
end

w7
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ZiREkeE:

L (closure conversion)

let makefac maker =
let f x =
if x == 0 then 1 else
let t1 = maker maker in
e ZE=t e — " 1-:in
let t3 = t1 t2 in x * £3 end
end
end
in T end
in
let fac = makefac makefac
in fac 3 end
end

fun @makefac {} maker =
let f = clos @f {maker} in f end

fun Q@f {maker} x =
if x == 0 then 1 else
let t1 = maker maker in
let t2 = x - 1 in
let t3 = t1 t2 in x * t3 end
end
end

let makefac = clos @makefac {} in
let fac = makefac makefac in
fac 3
end
end

2025 F & & ¥ 41 (iR E (L 3e3r))
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A Bl EEHL (closure conversion)

B BAR T —DNIRRSH,

LEEMAYBEHTE

function $makefac(env, maker) {
var f =|{ func: $f, env: { maker: maker } }|

fun Gmakefac {} maker = } return f;

let f = clos @f {maker} in f end

EORET naker} x - function $f(env, x) {

TR 1 o] A0 G=—1) A ok BT, ARAE ] €L AT func BR i &
S a0 return 1; A4, HlELE env BR & K KAAIRST

let t1 = maker maker in
let t2 = x - 1 in
let t3 = t1 t2 in x * t3 end

else {
var t1 =[env.maker.func(env.maker.env, env.maker)

— Ve e A

engnd var:t3 = t1. func (i tent st2E
retUERtSEE e
let makefac = clos @makefac {} in ) 5
let fac = makefac makefac in
enzac g function main() {
oy var makefac = { func: $makefac, env: {} };

var fac = makefac.func(makefac.env, makefac);

return fac.func(fac.env, 5);

}
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AN 3555 [B) % R
o EH: B A FEAE M ETRAKHR, AREHR

CRCELE

let x =y inx + y end p———————P ]et x =y iny + y end

% B 11 %A
n let x = 3 1n let x = 3 1n

let x =31 1 i
let y =4inx + yend P let y=4in 3 + 4 end =P let y = 4 in / end
end end end

INE SEpE S0l

let t = x +vyin x + y end let t =x +vyin t end

FEARADIH IR

let t = x+ vy in x - y end Y

75
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\ \
e

| 7N

° > 8. > » > w2 > N 4
o EIF: EEMAE. FEAE. A EFERAXEF. ARALIEFR
let vy = 4 in let vy = 4 in let y = 4 in
let z =y in let z =y in let z = 4 in
let t1 = x + y in let t1 = x + y in let t1 = x + 4 in
let t2 = x + z in let t2 = x + y in let t2 = x + 4 in
e — Bl > bl e
end end end
end end end
end end end
end end end
let v = 4 in
let z = 4 in
let t1 = x + 4 in let t1 = x + 4 in
let t2 = t1 in let t2 = t1 in let t1 = x + 4 in
T2 — il at2 P Es - o DR
end end end
end end
end
end
2025 & ZF 5 # (¥ REE (R I 3E)) AT RFHFEHNF R L



5 5 (1

© T let x = y in exp end, & exp F X x &AL

A — const(n) A . anf = const(n) WHABE LKL ELE T E LA
A — var(x) A .anf = var(A.o(x))
C — op(A}, Ay) Ao =AYl =G C.anf =op(4;.anf, A, .anf)

C — call(A, A,) A @ = Ege —HE e C.anf =call(4,.anf, A, . anf)

C - if(A, B, E3) Ai.co=E,.c=E,.0=C.o C.anf = f(A;-anf, E,Sa i s=mny

E — let(x, Cy, E,) ot Es .0 = [x = (C; . anf IS var(yyetysoliss
E.anf = let(x, C) . anf, E; . anf) RISV P A b 37 % -
IR (GSNININN [ .0 =[x —> x,f— f]E.o Esiio = [ | Bl

E . anf = letfun(f, x, E, . anf, E, . anf)

S AEHLN

[ S—

vl
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FUEEQ"

@ T let x = INT in exp end, 48 exp F 3+ x &9/&€ A& A INT

o X F INT op INT, ¥ HiE AR (¥ B4 2

J& M E AL

7= AL

N ) N, - Ry B 1 _
A — const(n) A.anf =const(n) e b

A — var(x) A.anf=x€ A.o ? const(A.o(x)) : var(x)
C — op(A, Ay) Aj.co=A,.0=C.0 C.anf =A;.anf is const(n;) A A,.anf Is const(n,) ?

const(ji)p(nl, n,)) : op(A; . anf, A, . anf)
C — call(A, A,) A a @ = Aoyl = C C.anf =call(A,.anf, A, . anf)
C — if(A, B, E5) ol o —F, 0 —C .o C.anf = if(A;.anf, E, . anf, £ . anf)
E — let(x, Cy, E,) Fwo =il o E,.c =C,.anf is const(n) ? [x » n]E.oc : E.o\{x}
E.anf = let(x, C, . anf, E, . anf)

E — letfun(f, x, E|, E,) BN INANT S s — 9
E.anf = letfun(f, x, E; . anf, E, . anf)

18
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q

© *TT let x = a op b in exp end JfEexp ﬂj#ﬁﬁ]é@a op b
BN X, FEEE oA 2 = 5] A

/ /

/\_,\

AN 0 T ERAXE| L B BRA

7= AN B v H AL

C - opA,A) C.anf =0op(A,A) € C.0? C.o(op(A,Ay)) : op(Ai, Ay)
C — call(4;, A,) C.anf = call(4,, A,)
C — |f(A1,E2,E3) E2.6 — E30 — C.G C.anf — if(Al,Ez.anf,E:;.anf)

E>.c = Cy.anf Is op(a, b} ! [op(a, b)i— XI(ES a2 S SaGEEES|
E.anf = let(x, C, . anf, E, . anf)

E . anf = letfun(f, x, E; . anf, E, . anf)

AT RUTEELOLIE, TUARMKANKRE —®BAA LTEL, 5 CNH A4
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R AL N=1

© T let x = ... in exp end, & exp ¥ X FHEA x, W T
AFEIZAS 1et 4R JE R

q

AR fyILREINEET E

L
[T -
C.fv=A,.fVUA,.fv C.anf = op(4,, A,)

C.fv=A, fvUA,.fv C.anf = call(A,, A))

C — if(Ay, E,, E5) C.fv=A,.fVUE, fvUE;.fv C.anf = if(A, E, . anf, E; . anf)

E — let(x, Cy, E,) E.anf =x € E,.fv ?let(x, C;.anf, E, . anf) : £, . anf SEEEAap ST I N =
Efv=x€E,.fv?(C,.fvU(E,.V\{x}): E,.fv [EEEES LI

IR CUTL GO [ . onf = f € £, . fv ? letfun(f, x, E| . anf, E, . anf) : E, . anf

Bty — el ty D ((E v\ fix)) U S i s i

E, RABAEL, ANFEAGIEL RSB L x AREBHET
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