FRE{{ES



AT A Z(ERRENE
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o BAEE: MRERS, BREMERINERENENX
o Y2515 REFFHRMBERIES
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= MR EEBAZEL

Sh

S3{ (imperative) i85
BETIEOMEFIRNE, TEERTUE,

o —itBEAS/PUrTI\

e SSA (Static Single Assignment/gESERIEE)

-

BREYTC (functional) 1S
ERETRAVIRZARYE, TEEEAYUE,
e A-Normal Form / K-Normal Form

e Continuation-passing Style



an STURIAR[ENES

X [EJZRZRAPE IR,

=1bikeg

ERIATFHENMTESBSE— 32T, BABEERIE
X =a+b
y =X + 3
X =X +Yy

SSA

LEAREKENE, BETHITEIERDT.

x1 =a+b
yl = x1 + 3
x2 = xT + yT
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A-Normal Form (ANF)

SEHERFATIEMTREEZRERE— 2T, AT REHNZF A HMEMER

AT,

let x =a + b Ln

let y =x + 1 (n

let cond =y > 08 (n

if cond then (x) else (8)

o EFEIEHIRANEERDT

EEER, |

& E A

K-Normal Form (KNF) 5§ ANF EXx—3, RE2HeitiE

Xl
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Continuation-Passing Style (CPS)

%]

&,

add'
ad

ERAUEEIR, B ZEERITINERAF I8 — 180D ("Continuation") {E &4

(a, b, K1) where K1 = x =
d'(x, 1, K2) where K2 = y =
gt'(y, 8, K3) where K3 = cond =
if cond then RET(x) else RET(8) where
RET -- returns to the enclosing environment

o LEBRAFIEAESIR (NFE) BN, EENEZREA.
o ERBTFRIRTHIS IR RIRME—LE,

(B—EERY CPS =R A continuation F~1EHiR)



K-Normal Form

Expression:
e=n (name)
int(¢z) | n+n|n—n|--- (simple expressions)
let n: T = ein eqons (bind names)
let rec f(x,Y, 2) = €pody N €cont (create functions)
if n then e;ye €lse e tqise (conditionals)




M AST $31& KNF
BIRipRENFRAR, S8 N FREE—REF

a*b+c*d

Add( Mul( Var(a), Var(b) ),
Mul( Var(c), Var(d) ) )



M AST $415 KNF

fn expr_to_knf(env, e: Expr) = Knf {
match e {

Var(x) = Knf::Var(x)

Add(a, b, ty) = {
let a_name = generate_name()
let b_name = generate_name()
Knf::Let(a_name, ty, expr_to_knf(env, a),

Knf::Let(b_name, ty, expr_to_knf(env, b),
Knf::Add(a_name, b_name)))

Let(x, t, expr, cont) = {
let new_env = env.add(x, t)
Knf::Let(x, t, expr_to_knf(env, expr),
expr_to_knf(new_env, cont))

/] -

.

/] let _1 = <a>
/] let _2 = <b>
[ -1+ _2

// let x: T = <expr> in
// <cont>
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KNF _ERJLMMTA0E1E?
BRI LA ERAT LA

c BEIS

* REIEX

o FEACHSMIFR

o NHFRAINGH
o IZEIREHISS

o B (') FEEIMNE

* etc.
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S AMRAL?

A match DLECEG(IRSGERIZRAR, ASEZMIEHHI KNF

fn optimize(e: Knf) — Knf {
match e {
// Interesting
Mul(x, y) = {
if interesting_constraint(x, y) {
let (a, b) = computation(x, y)
Add(a, b) // return new KNF structure

} else {
e // Not intersting, don't modify
}
}
// Not intersting, don't modify
_=>e

}
}

254,
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BIBIE{E: a-conversion (Alpha TEih)

SREHAEE, [EREDERBONRAENTTREIEANEY
— BE— A TERN— M E—E B

fn alpha(existing, e: Knf) — Knf {
match e {
Let(mut x, t, el, mut cont) = {
if existing.contains(x) { /| BER
let new_x = generate() [ ETFHRF
cont = replace(x, new_x, cont) // BiRFEFPIEREIHS

X = new_x
}
existing.add(x) /| ETFEEEENX
: Let(x, t, alpha(cont)) [/ E)AFITIRE
_ =@ [/ ®THEARRE

}
}
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fil

Ihe

SHE R EENEREREHERTERER.

e letx=31in(x+5 — (3+5) — 8

o BREARHFIEEL, (BESCREREEmFEHAEE HRIVRIAEEE
o —EEIEBHVZERNY{HERDKIE (Partial Evaluation)

N
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mETS

fn const_folding(constants, e: Knf) = Knf {
match e {

Let(x, t, el, cont) = {
let e1 = const_folding(constants, e1)
Lf is_constant(el) { constants.add(x, el) }
let cont = const_folding(constants, cont)
Let(x, t, el, cont)

}

Add(x, y) =
match (constants.get(x), constant.get(y)) {

(Some(1), Some(j)) = Int(i + j)

= €

/] FERWIRENRER HITIHES
/| EREE
/| BRHEBRNEENMAEHRITIS

/| MR EE, EFITRE
/| ARNAZE
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EREI IR

HEECAR/NRIRRZIRIE B R EUA AR S, D EARFE.
let rec f(x) =x+ 1 in f(z) => z + 1

o HTEZMIT Alpha 35#k, FFLAARERIDREWRFRIZEFSEIE

o FERGHREEIEEHRAERBIBECH, FLAFEBIH—IX Alpha i

(1]
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EEI IR

fn inline(functions, e: Knf) — Knf {
match e {
LetRec(f, t, body, cont) = { functions.add(f); e }
Call(f, args) = {
i(f functions.get(f).size() < threshold { // EERELE/IN
} f.bod¥.replace(f.formal_args, args) /] BIRREFARAREE, BRFESALS
else
e

}
}
}
}
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SEACHS IR
MR—ZEREERERZE, WREEIWER, BBArTLAEEMIE,
o BIWERS: XIHIMNEBINIBRUIZER, ELUIVERT print BREN, BB AEH
fn dce(e: Knf) — Knf {
match e {

Let(x, t, el, cont) = {
let e1 = dce(el)

if 'cont.uses(el) §§ /] IEEERE
le1.has_side_effects() { // ZEIER
dce(cont) /| B EEIEE
} else {
Let(x, t, el1, dce(cont))
}
}
_=e
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R’HEFRIEAGH
ME—NRAKXZHEREST, AR, PATLICEERMZANEE.

fn cse(exprs, e: Knf) — Knf {
match e {
Let(x, t, el, cont) = {
let el = cse(exprs, el)
match exprs.get(el) {
Some(name1) = replace(x, namel, cont)
_ = let(x, t, el, cont)

o ATIMERE, Rkt 20]8ERY: Rematerialization (BBE—IELLINEER)
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EREEHI5S

BN REEEERRENN. RNEEEE.
« 1B 2 MBRORIGAIEIRAUAARE: x + 2 => x <1
s BSRBIREEIRMAABINIRENSES: «+ 15 => x «< 4 -
- BEREMIRE. ERIERATREIIIRAIES

(uint) x / 3 => (uint64_t) x * BxAAAA_AAAB > 33
Torbjorn Granlund, et al. Division by Invariant Integers using Multiplication. 1994
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B/ ABAZEIME
AT MRERSRAMBR (RE/EHR) [ MR—MsERBRIER, BARKHREL
MN/BIREE, FILUCEREIREVEIRLS,

* MiniMoonBit FiXB1EIA, (BEXSTiE|FRE AT LIRS

let a3 = 1

for ... {
let x =a+1 /| « XPTRAARNTRERETE
deal_with(x)

}

let a = 1

let x = a + 1 /] < REBNEHLLG
for ... {

deal_with(x)
}
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