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Review: IR

define i32 @fac(i32 %0) { fn fac(n: i32) -> i32 {
bbe: : let r =
%n = alloca 132 .
%r = alloca i32 while n>@ {
store i32 %@, ptr %n r=r*n;
store i32 1, ptr %r n =n-1;
br label %bb1l }
bb1: return r;
%tl = load 132, ptr %n

%t2 = icmp sgt i32 %t1, ©
br 11 %t2, label %bb2, label %bb3
bb2:
%»t3 = load 132, ptr %r
%t4 = load 132, ptr %n => 457
%t5 = mul 132 %t3, %t4
store i32 %t5, ptr %r
%t6 = load 132, ptr %n
%t7 = sub 132 %t6, 1
store i32 %t7, ptr %n
br label %bbl
bb3:
%t8 = load 132, ptr %r

ret 132 %t8
) O




Review: SSA

define i32 @fac(i32 %0) {

bbo:

br label %bbl
bbl:

%n0 = phi i32 [ %0, %bbo ], [ %t7, %bb2 ]

%r0 = phi i32 [ 1, %bboe ], [ %t5, %bb2 ]

%t2 = icmp sgt i32 %neo, ©

br 11 %t2, label %bb2, label %bb3 => 4R 2
bb2:

%t5 = mul i32 %ro, %no

%t7 = sub 132 %no, 1
br label %bbl

bb3:
ret 132 %ro




Review: deSSA => ARMSL 2

bbo:

bbl:

bb2:

bb3:

define i32 @fac(i32 %0) {

%n = alloca i32

%r = alloca i32
store 132 %0, ptr %n
store 132 1, ptr %r
br label %bbl

%n0 = load i32, ptr %n

%re = load i32, ptr %r

%t2 = icmp sgt 132 %ne@, ©

br i1 %t2, label %bb2, label %bb3

%t5 = mul 132 %r0, %no
%t7 = sub 132 %n0, 1
store 132 %t5, ptr %r
store 132 %t7, ptr %n
br label %bbl

ret 132 %ro

fac:
sub sp, sp, 16
str wo, [sp, 12]
mov wl, 1
str wl, [sp, 8]
b LBBO 1

LBBO 1:
ldr w2, [sp, 12]
ldr w3, [sp, 8]
cmp w2, 0
b.le LBBO 3

LBBO 2:
mul w4, w3, w2
sub w5, w2, 1
str w4, [sp, 8]
str w5, [sp, 12]
b LBBO 1

LBBO 3:
ldr wo, [sp, 8]
add sp, sp, 16
ret




deSSA IRIESENELER
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_main:
sub sp, sp, 32
str x30, [sp, 16]
mov wO, 10
bl fac
ldr x30, [sp, 16]
add sp, sp, 32
ret

_fac:
sub
str
mov
str

LBBO 1:

1dr
1dr
cmp

SP,
wo,

wl,
wl,

w2,
w3,
w2,

sp, 16
[sp, 12]
1

[sp, 8]

[sp, 12]
[sp, 8]
0

b.le LBBO 3

LBBO 2:

mul w4, w3, w2
sub w5, w2, 1
str w4, [sp, 8]
str w5, [sp, 12]

b LBBO 1
LBBO_3:

ldr wO, [sp, 8]
add sp, sp, 16

ret
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aarch64E 17 5% AR pa 2
X0-X7 S#1-8
X0-X1 1R [E]{E
X8 YRR [BIEEE IR B iE
X9-X15 &R S 1525 Caller-saved
X16-X17 457K Fi% : Intra-Procedure-Call
X18 TRRIE: FEEFRS
X19-X28 B HTFRe Callee-saved
X29 P EHEE
X30 1R [E] ik
SP R Intat




SEERTE 7 #T (SSA) . BFES: 1dr x, [addr]

o Hi[EiE A ITHIRE * KILL(m = {x}
o 1BEIES: str x, [addr]
sub sp, sp, 16 * Gen(n) = {x}
str wo, [sp, 12] \
mov wl, 1 e JE"_EIH:E/%\ add x1l, x2, X3
str wl, [sp, 8] e Gen(n) = {x2,x3}
.LBBO 1 LBED 3 * KILL(n) = {x1}

ldr w2, [sp, 12]

ldr w3, [sp, 8] mov. wo, wl

\ 4

add sp, sp, 16
ret

\ 4

cmp w2, ©
b.le LBBO_3

.LBBO_2 OUT(n) = LJ IN(n')

A 4

n’Esuccessor(n)
mul w4, w3, w2

sub w5, w2, 1
str w4, [sp, 8]
str w5, [sp, 12]
b LBBO 1




yaERTE 7T (SSA)

.LBBO_1

\ 4

sub sp, sp, 16
str wo, [sp, 12]
mov wl, 1

str wl, [sp, 8]

A\ 4

ldr w2, [sp, 12]
ldr w3, [sp, 8]

w2

cmp w2, 0

b.le LBBO 3

.LBBO_2

\ 4

mul w4, w3, w2
sub w5, w2, 1
str w4, [sp, 8]
str w5, [sp, 12]
b LBBO 1

.LBBO_3

A

ldr wo, [sp, 8]
add sp, sp, 16
ret
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yaERTE 7T (SSA)

A 4

ret

wo
sub sp, sp, 16 wo
str wo, [sp, 12] 1)
mov wl, 1 wl
str wl, [sp, 8] 0
.LBBO_1
ldr w2, [sp, 12] 32 32
ldr w3, [sp, 8] w2 w2, w3
cmp w2, © 0 w2,w3
b.le LBBO_3 5 W2, W3
.LBBO 2
v W2,w3
mul w4, w3, w2 w2,w4
sub w5, w2, 1 w4 , w5
str w4, [sp, 8] w5
str w5, [sp, 12] 1)
b LBBO 1 1)
.LBBO 3|1dr wo, [sp, 8] g
add sp, sp, 16 2




F3L &l (Interference Graph)

o TH: AT EFNEERRNSFESRFETILRR

o TiE: ERABAFAETINXANFTFRRTA

e BN : FETIMNXREANT RN TEAENYNBESF5

@ @ HELER:
* wl, w2, w5 => w9
@ @ * w3, wid => wlo




sub sp, sp, 16
str wo, [sp, 12]
mov wl, 1
str wl, [sp, 8]
LBBO 1:
ldr w2, [sp, 12]
ldr w3, [sp, 8]
cmp w2, 0
b.le LBBO 3
LBBO 2:
mul w4, w3, w2
sub w5, w2, 1
str w4, [sp, 8]
str w5, [sp, 12]
b LBBO 1
LBBO 3:
ldr wo, [sp, 8]
add sp, sp, 16
ret

_fac:
sub sp, sp, 16
str wo, [sp, 12]
mov w9, 1
str w9, [sp, 8]

LBBO 1:
ldr w9, [sp, 12]
ldr w10, [sp, 8]
cmp w9, 0
b.le LBBO 3

LBBO 2:
mul wl@, wlO, w9
sub w9, w9, 1
str wlo, [sp, 8]
str w9, [sp, 12]
b LBBO 1

LBBO 3:
ldr wO, [sp, 8]
add sp, sp, 16
ret
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HSFasaic=>&F|0)f@ (Graph Coloring)
o EAANRBIIKI (X9-X15) Ente, EXKFIAT =B BIIARE
o K307, 1ZIOfEENPFELE(a) (ChaitinAYIERR)

w2 @ w3
OF -

EZ@IRFE: 1-2-3-4-5 E6IRF: 1-3-2-5-4

melir: @ )
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2 3 4 5 6




E T SAT[a] @i kR

* k-SAT: CNFEYEMClauseB N EBiLk literals
e 3SATZNP-Complete|a]git
* 2SATEZINA B 2 E Al g

o AR A BSATEIER A] L ZInF AT 8] reduce R B #ria)&R, NIk
FH B frin)@ g0 E £ D 5SATHE

Literal:  X1,X1, X2, X2, X3, ...
Clause: L VIV

Conjunctive Normal Form: C; ACy A+

240, (o VXZVa) AV X3 Va) A



3SATHA] Lreduce®!|Z& ta |o] R
o Fi&EnotFlor

e andA] LA notfloriR7x: C; AC, = =(=Cy V =Cy)

Not (P) Not(P)
® :

o

Hi&Enot Fi&Enot

Albert R. MeyerflfttpYZ4, MIT
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M AmEE: KRR

\ 4

wo wo
sub sp, sp, 16 wo wo
str W@, [Sp) 12] @ @
mov wl, 1 wl w9
str wl, [sp, 8] ) )
.LBBO_ 1
\ 4 @ m
ldr w2, [sp, 12] w2 w9
ldr w3, [sp, 8] w2, w3 w9, w10
J
;mg Wﬁésg ; w2, w3 w9, w10
.1€ — w2,w3 wo,wlo
.LBBO 2
y W2,w3 w9,wle
mul wd, w3, w2 w2, wéd w9, w10
sub w5, w2, 1 w4, w5 w10, w9
str w4, [sp, 8] w5 w9
str w5, [sp, 12] 1) 1)
b LBBO 1 @ )
.LBBO 3|1dr wo, [sp, 8] g
add sp, sp, 16 ?

ret




A s p gellir: @ -
RILEEE T

~ L 2 3 4 5 6 7

c RIFEWBETRPE, ASPTHRIENRESR/NIATHEE
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Input: G=(V,E)

Output: Assignment of colors
For 1 = 1..n do

Let ¢ be the lowest color not used in Neighbor(vi)
Set Col(vi) = c

© O © O

oF -
oF -

EZ@IRFE: 1-2-3-4-5 E6IRAF: 1-3-2-5-4




IRfANIEIFE BT -

o fEE EREME (clique)

- BE B RAE S SE

B&3\
. AT SR
YA N —E

o ¥ E KEENP-hard|a]

oF -
OF -
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BA&I\FE: Recursive Largest First& ;&
RLF(G):

Find v; € G with the max degree

Add v; to S

Let T be the rest nodes in G non-adjacent to any node in S
Repeat until T is NULL:
Find v; € T with the max degree

Add v; to S
Update T
color(S)
G=G-5S
S = NULL

RLF(G)
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E == kﬁlu\ﬁ%

s RBFNENTGAE: BRNEGHIEHRER /N TFKRYT
MREGVA]LAERKMGEER, NG,

o flm: REIR, FILARIBS AR spill gy 5]
o IRm: NEERIERINAR

5 — 6
I
%7
3 — 8
l
2

v,




—R4FIRIEBOIRE : 7%4[& (Chordal Graph)
o FEKEXRT3INMHEABZ (chord)

o ZINT BTG A] R

o SSAHYTFILEIE =L E

HEQZI ﬂE%ZI




2o J9SSAR IE E % [B] ?
wo

sub sp, sp, 16 wo

str wo, [sp, 12] @

mov wl, 1 wl

str Wl, [Sp) 8] (Z)
.LBBO 1 <:::>
ldr w2, [sp, 12] Sz
| 1dr w3, [sp, 8] w2, w3 @ @
cmp w2, © wz,w3 '
b.le LBBO 3 w2:w3 @@
.LBBO_2

v W2,w3

mul w4, w3, w2 w2, w3, ws

sub w5, w2, 1 w3, w4, w5

str w4, [sp, 8] w3, w5

c..W3. .. w5

str w5, [sp, 12] 1)

b LBBO 1 -

ldr wo, [sp, 8]
.LBBO_3|add sp, sp, 16 ‘

| rat




B 25 PR IF %1 (Simplicial Elimination Ordering)
o Al (simplicial) : FABEPEER—1E
« SEEHRFY: 1ZRIZFIERNE— oS Rad s
» BALHERFS: SEEIBRFIIRLF

o NR—NEIRZE, MizEFAETEERFS

(c)—@ ©

a.? & @8
L0 Gk
9.0 @A@ @‘0

JHBRd iHBRC HBRe  JHFRF---

O zadx O 3E$z¢°
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AR ERKBRAERRFES
* Maximum Cardinality Search
B BEEEEETRIIERZHNR
o HIF— N BERHMEE, BRIZNERAKHS;
R —1RfE, MEBETTEML
AT 175 BY wl w2 w3 w4 25
1 wil 0 0 0 0
2 W2 1 1 0
3 w3 1 1
4 w4 1
5 )

& ® ©



b

Maximum Cardinality Search
Input: ¢ = (V,E)
Output: Simplicial elimination ordering vy, ..,v,
For all v; €V
w(;) =0
Let W =V
For 1 = 1,..,n do
Let v be a node with max weight in W
Set v; =v
For all ue WnN (v)
wu) =w() +1
W = W\{v}
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et lilv =]
s FFeEFHEBREEFESFERAMY
o MIBHFFRZAEBNMPEFHIBEBSANARNGFE Gpil) , FEAHRBIEE

&

aarch64F 1785 TERAML pa
X0-X7 S#1-8
X0-X1 1R [E{E
X8 YRR (B35 MR El it
X9-X15 &6 1588 Caller-saved
X16-X17 457K FBi%: Intra-Procedure-Call
X18 TRAIE: FEEFS
X19-X28 B HTFRE Callee-saved
X29 P E+EE
X30 IR [E] ik
SP HInFast




i B

_fac:
sub
str
mov
str

LBBO 1:
ldr
ldr
cmp

LBBO 2:
mul
sub
str
str

LBBO 3:
ldr
add
ret

sp, sp, 16
we, [sp, 12]
wl, 1

wl, [sp, 8]

w2, [sp, 12]
w3, [sp, 8]
w2, ©

b.le LBBO_ 3

w4, w3, w2
w5, w2, 1
w4, [sp, 8]
w5, [sp, 12]

b LBBO 1

wo, [sp, 8]
sp, sp, 16

_main:
sub sp, sp, 32
str x30, [sp, 16]
mov wO, 10
bl _fac
ldr x30, [sp, 16]
add sp, sp, 32
ret
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° spAJ
o X29 R E It FFaE, Ut

At =

10y 3K

Ix298Y1B T

!-\ls/_\ij]j:ﬂ‘lt

£, BLBERAFTIEARESER

str
str
str
str
ldr
ldr

1dr
1dr

x1,
X2,
X3,
x4,

x4,
X3,
X2,
x1,

[sp,
[sp,
[sp,
[sp,

[sp],
[sp],
[sp],
[sp],

-8]1
-8]!
-8]!
-8]!

c0O 00 OO0 OO

=]

EHY

sub sp, sp, 32

stp x29, x30, [sp, 16]
add x29, sp, 16

str wo, [sp, 12]

A

stp x1, x2,

[Sp) '16]!

y

ldp wo, [x29, -4]
ldp x29, x30, [x29]




eK BB B = SpillEr B Caller-saved 5 1733

ldr w9, [sp, 8]

ldr wle, [sp, 12]

add wo, wlo, w9

mov wl, w9

str w9, [sp, 4] - IR B RN
str wle, [sp]

bl A et ol

ldr wle, [sp]

ldr w9, [sp, 4] - B S BT E
add wlo, w8, w9




{FHx19-x288Y 1 /7
o WNFCEREAR : EAXx9-x15FEspill
o REUEARINE . FRXx9-x15S N spill; {FHAx19-x28F 4L

LBBO 1: add wll, wlO, w9 LBBO_3:
» cmp wll, © >
b.le LBBO 3

|

sub wo, wlo, w9
mov wl, w9
str w9, [sp, 4]
str wle, [sp]
LBBO 2: bl _foo

B ldr wlo, [sp]
Ldr w9, [sp, 4]
b LBBO 1




I ZHYIB R

%b2 = call 132 @foo( mov wo, w8
132 %a2, i32 %b1i, mov wl, w9
i32 %a2, i32 %b1l, mov. - W2, w8
i32 %a2, 132 %b1, = | mov "3, WO
mov w4, w8

132 %a2, i32 %b1, oV W5, WO

i32 %a2, 132 %bl mov W6, W8

) mov w7, w9
str w8, [sp]
str w9, [sp, 8]
bl _foo
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* ARMZBEIB R F 77
* X8eRMBHFFSRHERD, ERXZLDmELER
o FEsEA BRI L N E T 7R

- RIE1: ERAZLIOEE

« RBR2: BERESNEGFS, EHE6E
o Bfr: mEVimEIRE

o MGt KAEPHIURESELH

o BEITHIR: KBEITRERLH
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