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E9%) KNF hiE/RABALE, BATERRIL R, HENIR

let rec adder(a: Int) = (Int) = Int = {
let rec add(b: Int) = Int = {

a+b /] HEEMEINERBEXNEE 3

} in

add
} in
let add1 = adder(1) // X PBHEINEREBNIAZEELSAFE T
add1(2) /] BERENKAERTHRERE 3
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A8 (Closure) ,

closures) , RAENIFLZFRENREES
M EB—1NEMNR, BFE 7T — 1R

Y en

YFraiE7Ee (Lexical Closure) BYRRZNAE, (function
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Flat Closure vs. Link Closure

Link Closure 55— =REVARNBEEREEFICEK, BNFIERER _ E—ErYEET,

TEmERSREMSS (30 Lua fEIREE1ERA) |, (B2R14EE
struct StackFrame { parent: StackFrame?, locals: ... }

struct Closure { ptr: fn(), env: StackFrame }

Flat Closure JSRT B #IBRHVZE&RFEIB CHEMRIRT. mFEES—RAE.

struct Closure { ptr: fn(), captures: ... }

FrECIBEsENUES, T
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let rec adder(a: Int) — (Int) — Int = {
let rec add(b: Int) — Int = {
a+b
} in
add
} in

let add1 = adder(1)
add1(2)



e 2
HATRTIAREI—NREAE (5K THLER, aka REENNEN

variable) EMHfLe,

fn fv(e: Knf) — Set {
match e {
Add(a, b) = Set::of([a, b]) /| ERREAXBINTZEMEENNEH
Sub(a, b) = Set::of([a, bl)

/] Let EXTENE=Z, FTUEAEEHZ=
Let(x, t, e, cont) = unton(fv(e), fv(cont).remove(x))
/] LetRec X T R#BZMEKEIZSE, FIAEITREHIFIEEHTE
LetRec(f, args, cont) = unton(fv(f).remove(args), fv(cont)).remove(f)
}
}

EEAORSF EXCAY adder , fv(add) = {a} , NEREHIA S s TE,
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struct SimpleAddClosure {
captured_a: Int /] 2 BHRHIANEE
}

fn make_add_closure(a: Int) — SimpleAddClosure* {
allocate(SimpleAddClosure::{
captured_a: a, /| EMEFREHNIHEHRT a
})
}

fn real_add(cls: AddClosure*, b: Int) — Int {
let a = cls.captured_a [/ TEHREA AR INER RN a
a+b

}
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ERAITEIR, ERREREHERITT.

struct SimpleAddClosure {

captured_a: Int /] a BHHIRNTE
}
fn adder(a: Int) — SimpleAddClosure* {
make_add_c losure(a) /] HIRTE
}
fn main {
let add1 = adder(1) /| EEIHAE
real_add(add1, 2) /] EARAE

}



(BEEH, FKAEZRLTEFT

ARSI R, (FEAUREARFTEREGPBRIVIAE, TEREECHAS

/| BR— 1 EMEKE, BEZRIENSEH
fn map(f: (Int) — Int, arr: Array[Int]) — Array[Int] {...}

let add1 = adder(1)
let mul255 = multiplier(255)

let arr = map(addl, ...) /] BARRNABZHEHE
let arr2 = map(mul255, arr)

—IRIMRSIEE— M REEET AL, (BERIE(RAEREIEREUERAIAER
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FATRTLARE, BB — T E—ERERERSTIRIRETET. ...

struct Closure {
func: fn(Int) — Int
}

struct AdderClosure extends Closure {
// func: fn(Int) — Int @BF—1TFE&
captured_a: Int

}

fn make_add_closure(a: Int) — Closurex {
allocate(AdderClosure::{
func: real_add,
captured_a: a,
}) as Closurex

}



N—ANeERERTEET
...... SHEERFRNENE, MATLUERR SRR .

fn real_add(cls: Closurex, b: Int) — Int {
let cls = cls as AdderClosurex // BEfZRIXEM—FEFHKERILE

let a = cls—>captured_a [/ XEMEZRHFERNTE
a+b /] EEtE LR
}

fn call_closure(cls: Closurex, b: Int) — Int {
let func_ptr = cls—>func // load cls[0]
} (func_ptr)(cls, b) /] ARAEEFENREIET
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o JBRRIUENRE/SEREIEFEEN, e,
o ABHE—IFEREREIST, ERNEEHEANEE (ICEHTFmE) .
o JFAAER, SNE—NFEREEETFHER.

o TEABRYREEEIN AN ARFERIEERN, NABHNERFERFIE.

HE......
o RERTESAXDEBREAAR, FrLAFMEREERSHwmIEAIAE.
o FRERTKRXDHLRIAZAE, FEUREERERA

o IREIREE, [XERFREUSHT.




KNF 8&3p% Closure IR

ES IR AR LABERE—R: SR UAARBEBRRIIERS .
Closure IR [ 7 A LAYMO KNF EAX—,

fn knf_to_closure(env, e: Knf) — ClosurelR {
match e {
LetRec(f, ty, body, cont) = {
let body = knf_to_closure(env, body) // YL HeREIA
let free_vars = fv(f).to_array() /[ iE FEHZE=
let def = Func::{ name: f, ty, formal_fv: free_vars, body }
env.add_function(def) /] IBRBEXNEI2BRERE
MakeClosure({ name: f, actual_fv: free_vars }, // IH{EEHZT=
knf_to_closure(cont))

/] ...
}
}
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Bonus: —L&{itit

o NRABHERERARERNIRNEHERE, BBARAXREHIRPRIRETETT.
(FUERA—FFIREIBRE)

o MRALASUHEN ERARELI, BBACHRIZEMRILUEASHUEN, T
oI EC T,

fn foo() {
let L = 16
fn bar() — Int {
L
}
} bar() /] XBFBEFRIEFE {, FRURUTREHEE




AR R RIGIF

fn parent() — (Int) — Int {
let | = 2
fn closure(i: Int) — Int{

L+
}
closure(1); // S#&HEAE
closure

}
parent()(1);  // &AM
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s FHRIGIF

fn closure_static(i: Int, j: Int) —
L+ ]

}

fn closure_dynamic(cls: Closure*, {i:
closure_static(i, cls—j)

}

fn parent() — (Int) — Int {
let | = 2

closure_static(1, j); // ##&IER

Int{

Int) = Int {

let cls = make_closure(closure_dynamic, j)

cls
}
let cls = parent();
(cls.func)(1); /] shSEE
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