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BEpedNEE

bbo: Sx Sy Sz

let x:i32 = 0; Eg} Ei E;

let y:i32 = @; {0} {0} {0}

%et z:132 = X + Y; {0} {0} {0}

if z>0 {0} {0} {0}

bbl: |

M {0} {0} {0}

{0} {1} {e}

o — {0} {eyu{1} {0}
bb2: Z - i : ;; {0} {oyu{1} {eyu{1}
{o} {0}U{1} {0}u{1}

return z;




ETSSAHISE =71
s TS FHFNEANEE

S
bbo: | %z0 = add i32 @, © {}
%t0 = icmp sgt i32 %z0, © {z0}
br i1 %te, label %bbl, label %bb2 {z0,t0}
{z0,t0}
A 4
bbl: | %y2 = add i32 o, 1 {z0,t0} v
br label %bb2 {z0,t0,y2}
{z0,t0,y2}
A 4
bb2:| %y3 = phi i32 [ @, %bbo 1, [ %y2, %bbl ] 120,t0}n{z0,t0,y2}
%y4 = add i32 %y3, 1 {z0,t0}
%z2 = add 132 %x0, %y4 {z0,t0}
ret 132 %z2 {z0,t0}
{z0,t0}
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bbo:

RAlEE

let
let
let

if z>0

x:132
y:132
z:132

i n
(o}
-

A 4

bb2:

y=y+1;

Z =X+Y;
return z;

ERIFFTEEEHEREITE
RN TR RN EE

hE: WEFNTANEERIEANITE

bbo: | %z0
%te

)

)

br 11 %t0, label %bbl, labe% %bb2

A\ 4

bbl: | %y2 = add—i32—6+—1
br label %bb2

A

y

bb2:| %y3
%y4
%z2
ret i32 %z2

phi i32 [ @, %bbo ], [ %x%, %bbl ]
add i32 %y3, 1
add 132 %x0, %y4




LT

bbo: | %z0 = 0
%to = 0
br i1 0, label %bbl, label %bb2

____________________________

bbl: 1 %y2 =1

_________________

bb2:| %y3 = phi i32 [ @, %bbo ], [ 1, %bbl ]
%y4 = add i32 %y3, 1 .
%z2 = add 132 %xe, %y4 E:::::>> ret 132 1
ret i32 %z2
M BRAS AT A RS R BEDWHMK



c ME_ RS HE—EFHHIAILLEH:

c B8R I ERHEANEE, 57— 1TAZE

« #6892 —PMEERATE, Z7—THEIINEREER
y =X +1 %y0 = add i32 %x0, 1

y =y + 2 %yl = add i32 %yeo, 2

z =y + 3 %z0 = add i32 %yl1l, 3

y =X +1 %y0 = add i32 %x0, 1

y = X + 3 %yl = add 132 %x0, 3

Z =X+ 6 %z0 = add 132 %x0, 6
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BEZ: 5 EHEBERITE LI
o HEEIESSAFZ I EYIEKFE S Gimple IR

o HEIETTE SSAHZTLLLVM IR: {5 FHload/store

o HESEESSAFLILLYM IR
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MIFRIEACHS : LI AXRE{RFR
o (REGIRATEIL: FHIEAIEREIER
e THITE: #/luselidef

%y0 = add i32 %x0, 1
%yl = add i32 %yeo, 2
%z0 = add i32 %yl, 3
LLomean
oéfl@ = add 3'32 Oé}{@, g
°63!§| _ add 332 OGEE@, 3
%z0 = add 132 %x0, 6




£ F1E%mS (Global Value Numbering)
- HHEIMER lﬁ%f"f\ EEH) RE—IXBEIF

%0 = add i32 %x@, 1 %0 = add i32 %x@, 1 ‘
%yl = add 132 %x0, 1 %yl = %y0 .
%z0 = add i32 %x0, 1 %20 = %y0 JELVM IR; @ IATE L TSR
@ FMLLVM IR
%y0 = add i32 %x0, 1
%X0 = bitcast i32 %y0 to i32
%z0 = bitcast i32 %y0 to i32

Bk B 1B #RUSE(%y1) AUSE(%y0)
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s IRIENEFAEXE KRR FIESH

bbl

bb2

/\

N

H

Ef3R]

%y0 = add i32 %x0, 1

%yl = add

i32 %x0, 1

bb3

v

XTI, (ATAFRIET)
FES LI
bbl
bb2 !
%yl = add i32 %x0, 1

bb3 | %z0 = add i32 %x@,*

FRHETRIEN

EEBER T => KB RF



GVNRZH: BITHRIE
» FRIKRB S X H#EERRIAR

o A LUMAILARASIRFR

bb1l
bb2 | bb3
%yl = add 132 %x0, 1 %y2 = add 132 %x0, 1

bb4




BE: ETGUNHIMILE AL
o EEIESSAR VIR AEE Gimple IR

o EMIE SSAFZTLLVM IR ({EFHload/store)
o 5] SSAFZIULLVM IR
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[m]3ESSAFZIGimple IR

bbl | x

a+b
1

o
C
=
X

e Q)

2y P oz

bb3 [ ... bb3[ x

o IEENBAIEFIRE
o ABEHES: x=a+b IN(n) = ﬂ OUT(n")

Gen(n) = {<a+b >} n’epredecessor(n)

KILL(n) = {< ¢ >: RiER B Ex}
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o MINGLE: BMFEH. BIMEPERAIEEHIN

let a = - let a = .

let b = ...; let b = ...;

let s:list = ...; let s:list = ;

for i in 1..100 { for 1 in 1. {
let t = (&% b)*i; let t = ( )*i;
s.push(t); s[i] = t;

} }

let a = - let a = .

let b = ...; let b = ...;

let s:list = .. let s:list = ...;

for i in 1..100 { for i in 1..CHEEE {
let t = foo(); let t = s.pop();
s.push(t); s[i] = t;

} }
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|

%bo

load 132* @a
load 132* @b

%»C2 = add 132 %a@, %be

bb2

A

A\ 4

bb4

\ 4

bb3

y

%C2

add 132 %a0, %bo

\ 4

e 1

o RMTEIAAZZAH
o BREHE X B ARSI
o SNMATHQMTEIR ?

* AU EIEIRIER
- XE A




JIAEISA (natural loop)

o —NMEMZBEATEMEIZH:
« BME—MIAND (ZEFFETR)
o IREIAN O S HYIR [E4

o —{RIEFEBITHIRIBEAIFZARVER: while, if-else. for
* gotoiB RIS EAIE B AR

) ! )
SRS B ATEIR B SRR



- ,Xiﬂﬁﬂ\ E,‘J ’l‘iuﬁ bbo

s BB IEXFR: bb1
e RE: TREEGANEEXA bb2
e

bb3

cNE: HAEARERE
« FEH0: %5%éﬁﬁﬁﬁ,ﬂ§%%§%mﬁﬁﬁ¢ﬁ%<i
o MPBEARMES B A ATEEHRE

o BREM R BFIREAXN—BRTEH

bb3->bbl : 1-2-3
bb6->bb5 : 5-6
bb7->bbl : 1-2-4-5-6-7



Al 293 #1574 & : Reducible CFG
o AT ACFGHIFR BTEIf &R 2 B R TEIF
SOAT I 43 F BT HEAFNR AP AN 32 5 => A LUEER

bbo }
bbo
> bbl > bb3 v
v :V'\ bbl
N —




N3 H R [E

o JToERREMRIAN OFIRE]A
| |
bbo D1 bbo A2
JV l \ 4 \ 4 l
» bbl » bb4 bb4 |« bbl »  bb2
\ 4 EZ;
bb2 4
bb3
bb3
[E7SE]

JEBATEIR isomorphic




y \/ As T | ? bb@
BN ETFXALRFR
. X bbl [ bbb
1) WB[ACFG=>3Hif x Z&FEE
- — bb2
2)  EExtE SR FEE =>4 1R [B]14 s
bb3 bba
3) RBF—EEHAXT N IR \b.g/
5
bbO | bbl | bb2 | bb3 | bba | bb5 | bb6 bbO | bbl | bb2 | bb3 | bb4 | bb5 | bbe
bb0 1 0 0 0 0 0 0 bb0 0 1 0 0 0 0 0
bb1l 1 1 0 0 0 0 0 bb1l 0 0 1 0 0 0 1
bb2 1 1 1 0 0 0 0 bb2 0 0 0 1 1 0 0
bb3 1 1 1 1 0 0 0 bb3 0 0 0 0 0 1 0
bb4 1 1 1 0 1 0 0 bb4 0 0 0 0 0 1 0
bb5 1 1 1 0 0 1 0 bb5 0 1 0 0 0 0 0
bb6 1 1 1 0 0 0 1 bb6 0 0 0 0 0 0 0
bl v 5 AND m¥Es=

bb1 ficbbs5, TF1EiZIbb5->bbl




,?&ﬂﬁ IARE I -

- BLR AR

{i\ -
3) RFEFE—FEHAXTNEIIR bb1l »[ bb6
= 1L S={bbl, bb5} bb2
F3Xbb5 H #bb1 3 fir {bb1, bb5, bb3, bb4} bb'3/\b'b4
! iAbbs B #bb1 . S={bb1, bb5, bb3, bb4
\ ‘ \/

= FAbb3H#bb1XHEE: S={bbl, bb5, bb3, bb4, bb2 bb5

bbO | bbl | bb2 | bb3 | bb4 | bb5 | bb6 bbO | bbl | bb2 | bb3 | bb4 | bb5 | bb6
bb0 1 0 0 0 0 0 0 bb0 0 1 0 0 0 0 0
bb1l 1 1 0 0 0 0 0 bb1l 0 0 1 0 0 0 1
bb2 1 1 1 0 0 0 0 bb2 0 0 0 1 1 0 0
bb3 1 1 1 1 0 0 0 bb3 0 0 0 0 0 1 0
bb4 1 1 1 0 1 0 0 bb4 0 0 0 0 0 1 0
bb5 1 1 1 0 0 1 0 bb5 0 1 0 0 0 0 0
bb6 1 1 1 0 0 0 1 bb6 0 0 0 0 0 0 0

Yk ZEfF AND l&iEsR

bb1 ficbbs5, TF1EiZIbb5->bbl




SRR : REMEANRE

stack s;
Visit(v) {
s.push(v);
for each w in OUT(v) {
if s.contains(w) { //#ZE[E:4

AddLoopback(w,v);
} else {
Visit(w);
}
}
s.pop()

}
AddLoopback(v,w) {

new = CreateLoop(top n items of s until w);
old = Findloop(v, w)
merge(old, new)
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- RAEFIRE, BEREREETSAL
bbo bbo
bb_—{ bb6 bbl

bb6




bb2 bb8

—
:> bb3 bba

bbl bb5

bb6 bb7

bb5 bb7 bb1




A E
- BRIEF: FIBESENTET S
- SRIER: WIBETEBIHAL

bbo:
%a0 =
%0 = ... L spsErEg
y
bbl > bb8
bb2
bb3 bb4 Al
bb5
bb6: : ‘
MMEILAANTE i
gadd i32 %a0, %be__ B3R AN ZZACES

}




TEL BRI

17

c MARFNER, SEREZBHIE

bbi|c = ? .
N ——RII %
bb2 bb4
> -y = c+1
bb3 |
c=a+b —RERIPIZTKA




SSATE R 2 B ENERD?

l

bbl |%a@ = load i32 @a;

%b0 = load 132 @b;
%Ccl = ) cHYIA{E

| %c2 = add i32 %a@, %bo; «——cHIFh{E

A

bb4
%yl = add i32 %c3, 1

A\ 4

%c3 = phi(%cl:bbl,%c2:bb3)

bb2

\ 4

\ 4

bb3| |%ec2 =add 32 %a0, ¢

= LR RRBphixf AR
= FEC4RET H storeE fXphi




VAL E

- EEESRETEMEERE, WitkhEAMEE

o EXAPWTE

o (KERUIAMTEy =ax+b, aflbHESE

for i in 1..100 {
y =10 * i + 1;
s[i] = y;

let i:i32 = 1;
while i<100 {
y =10 * i + 1;
s[i] = y;
i=1+ 1;

=

t1 = 1;

for 1 in 1..100 {
t1 = t1 + 10;
s[i] = t1;

let i:1i32 = 1;
let t1 = 1;
while i<100 {
y = tl + 10;
s[i] = y;
i=1+1;




bbo

bbl

bb2

Y4

FIRIB AN T =

%10 =

load i32* @i;

br label %bbl

A

\ 4

phi 132 [%i@ %bbl], [%i2:%bb2]

bb3

%1l =
%r@ = icmp slt i32 %il, 100;
br i1 %re label %bb2, label %bb3
%rl = mul 132 %il, 10 <
%y0 = add i32 %rl, 1
%p0 = getelementptr [100 x i32];
[1060 x 132]* %s, 132 @, i32 %il
store 132 %y0, %po
%12 = add i32 %i1, 1

\ 4

KFINE S

B CRmARET

RELBIANEE

EAXRFAPTE



FrE#: Scalar Replacement
o FHRIFERRBETRNIHNBARAFLERE
o EIRE BB #ER[I[IHIER?

for 1 in @..rowA {

for j in ©..colB {
for k in 0..colA {

RIATLI] = RIZTLJ] + A[i][k]*B[k][3];

TN

FRXMNAFHcacheiEBR[1i][j] &&=t RE

for 1 in 0@..rowA {

for j in 0..colB {
t = RH][JW@%IIENQ%E% TEEEREEERNE

for k in O..c

t =t% A[1][k]*B[k][J];
}
R[L][J] = t;
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PEAR 73 S TN B9 XA

e Loop unswitching: 9hg CEZD) 1BEICASEHFIRT

e Loop unroll: IFEIKEEFIZ &

void testbrpred(int* a, int len, int x){
unsigned long long cycle = rdtsc();
while(len>-1){

len-=1;

if(a[len]>x) ;

else ;
}
unsigned long long cycl = rdtsc()- cycle;
printf("x = %d, cycles = %d\n", x, cycl);

int main(int argc, char** argv){
int a[1e00];
srand(time(NULL));
for(int 1 = @; i< 1000; i++) a[i] = rand()%1000;
testbrpred(a,1000,100);
testbrpred(a,1000,300);
testbrpred(a,1000,500);
testbrpred(a,1000,700);
testbrpred(a,1000,900);

X X X X X

100,
300,
500,
700,
900,

cycles
cycles
cycles
cycles
cycles

23630
47175
63744
49642

26Bili|)



Bl FERILIL : Cache
e Cachelf[RlIREMTARAFIFIOLRE
o Bx/NEB{ALRcache line

11 F#{K cache missigFH AT M4 BE

CPU CPU GPU index | valid tag data
|L1ps| (L1t | | | [Lips| [Las | Graphics

12§ 12§ Caches 001 ox. .. 64 B
: ! : 002 ox... 64 B

| NED
| 003 OX... 64 B

Devices l».gCIE._‘ System Side$ (CDRAM)

e ol cee | oex... 64 B

eDRAM Ctrl . w
WSS Togs | DDR |

cache | size line speed

L1 32 KB + 32 KB 64 B 4-5 cycles
L2 256 KB 64 B 12 cycles

L3 up to 2 MB 64 B 30-50 cycles




FEFESRIE:  (FBIF) SR
- BEMIE—FIBERME SR : SRIMEEFME—K
- MRASEMEFIS R 5, HE—1T T RU AT S R MEL

for 1 in @..rowA {
for j in 0..colB {
for k in 0..colA {

RI1I[3] = R[11[3] + A[i][k]*B[k][3];

}
}
EEEN _ ] INim EEER EEEN
HNEEn _ ] INim EEEN EEEN
0000 X mmoo = mm0o0 X mmoo
HEEIn EECO _§ JEEN ] JEIN
A[rowA][colA] B[rowB][colB] A[rowA][colA] B[rowB][colB]



/,

&I 3T #2

for 1 in 1..m-2 { . .
for j in 0..n-1 { ..
R[1][J] = A[i-1][J] + A[Z][J] + A[i+1][3];
) H B
}
for j in 0..n-1 { . . .
for 1 in 1..m-2 {

RI1I[3] = A[1-1][3] + A[i][3] + A[1+1][]];

}




/,

A\ +H

RN

AIF 5

}

}

R1[1i]

R2[1]

for i in 0..

for i in 0..

n-1 {
A[i] + B[i];

n-1 {
A[i] + B[i];

R1[1i]
R2[1]

for i in 0..

n-1 {
A[i] + B[i];
C[i] + D[1i];

Ip
H

i)

for 1 in @..
R1[1i]
R2[1]

n-1 {
A[i] + B[i];
A[i] + B[i];

for i in @..
R1[1] =
}
for i in @..
R2[1] =
}

n-1 {
A[i] + B[i];

n-1 {
C[i] + D[i];

TN BEENEAF: ROMRLR
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o §5F%: https://llvm.org/docs/Passes.html

#: opt -dce -S in.ll -o out.ll






