CS30017 Zmi%x

1 1%



RN

—. AArch64i54 &

T

=. L EFE R




— . AArch643gsS &




o 15EIESE (RISC)

AFIHOMMEESS

AArch/ARM. RISC-V

o BEZ4455E& (CISC)

IS LB EZ I KEEIE (load-add-store)
X86 (Intel IA-32)  X86-64Z2+4y (AMDG64)

=l

—~ B

VLIW: Very long instruction word (Intel IA-64)

EPIC: Explicitly parallel instruction computing




FRIE<E: ARM v8a

o 32{A kAN : ARM Cortex-A32
e 32/6A\RRAN: ARM Cortex-A57/A72/A73%F, (XFDH

Al

e Apple A8/A8x/A9/A9x/A10/A10x (iPhone, iPad)

e Apple M1/M2 (iPhone, iPad, MacBook)

e Qualcomm Kryo: 3% . (Snapdragon 820)

 AArch64 vs ARM64 (Applehli Z)




ARM-v8AS TFa5: 1B
1BAHZEFEEE: X0 - X30 (64-bit)

o WO-W30: {321

—— o
| S 7S

X
W
63 31 0
X1 =5
X2 = 10
X0 = X1 + x2
wl =5
w2 = 10
wo = wl + w2




IR => Assembly: %&Tﬁﬁﬂﬂ
o 1% (IN) HEFEE: SP (16FEBHXSF

%X = alloca i32
store 132 1, ptr %X E:::>
%x0 = load 132, ptr %X

Sp sp - 16

#: 1llc -00 -march=armé4 -filetype=asm foo.ll -o foo.s
fEMac0oS (M1)_E4RiFFIEIT

#: as foo.s -0 foo.o
#: 1d foo.o -1System -syslibroot ~xcrun -sdk macosx --show-sdk-
path™ -e _start -arch armé4

#: gcc test.o -e main -arch armé4




£x86_ L IE1TmIFFIIZITARM-VBATEF

i o

Z¥gemu T B

#: sudo apt install gemu gemu-system gemu-user

#: sudo apt install gcc-aarch64-linux-gnu
#: sudo apt install gemu-user-static libc6-armé4-cross

XX RIFIEF

#: aarch64-linux-gnu-gcc hello.c

EREMN EB1TIEF

#: gemu-aarch64 -L /usr/aarch64-linux-gnu a.out




ARM-v8A$EZ: MOV
e MOV: {EE16{i 2 BNE, = A F516/32/48(i

MOV <Wd>, #<imm>

|31 30 29 28|27 26 25 24|23 22 21 20| | | 5 4| 0|
sfil1 011 0O 0O 1 0 1] hw Imm16 Rd
opc
<imm> For the 32-bit variant: 1s a 32-bit immediate which can be encoded 1n "imm16:hw".

<shift>

For the 64-bit variant: 1s a 64-bit immediate which can be encoded 1n "timm16:hw".

For the 32-bit variant: is the amount by which to shift the immediate left, either O (the default) or
16, encoded in the "hw" field as <shift>/16.

For the 64-bit variant: is the amount by which to shift the immediate left, either 0 (the default), 16,
32 or 48, encoded 1n the "hw" field as <shift>/16.

mov x1, 65535 movz x8, 3

mov X2, 65539 movk x8, 1, 1lsl 16
mov X3, 1310709




ARM-vBAIES: SFEHRZL
o EESH, FRiSEESH

Offset
Addressing Mode
Immediate Register Extended Register

Base register only (no offset)  [base{, #08}]
Base plus offset [base{, #imm}] [base, Xm{, LSL #imm}] [base, Wm, (S|U)XT(X|W) {#imm}]
Pre-indexed [base, #imm]!
Post-indexed [base], #imm [base], Xm#
Literal (PC-relative) label

[x1]

[x1, 10] X2 = [x1 + 10]

[x1, x0] X2 = [x1 + x0]

[x1, 10]! x1 = x1 + 10, x2 = [x1]

[x1], 10 x2 = [x1], x1 = x1 + 10

BCCHBIINERN x2 = [x1 + x0 * 8]




ARM-v8A3IES: LDR (SZEI#E

LDR <Xt>, [<Xn|SP>], #<simm>

|31 30 29 28|27 26 25 24|23 22 21 20| | 121110 9 | 5 4| 0|
1 x|[1 1 1{o]o o]0 1]0 imm9 0 1 Rn Rt
size opc

LDR <Xt>, [<Xn|SP>{, #<pimm>}]

|31 30 29 28|27 26 25 24(23 22 21 | | | 109 | 5 4| 0|
1 x|(1 1 1[of0o 1]0 1 imm12 Rn Rt
size opc

LDR <Xt>, [<Xn|SP>, #<simm>]!

|31 30 29 28|27 26 25 24|23 22 21 20| | 121110 9 | 5 4| 0|
1 x|{1 1 1{0]0 0|0 1]0 imm9 1 1 Rn Rt
size opc

<simm> Is the signed immediate byte offset, in the range -256 to 255, encoded in the "imm9" field.

<pimm>

For the 32-bit variant: is the optional positive immediate byte offset, a multiple of 4 in the range 0
to 16380, defaulting to 0 and encoded in the "imm12" field as <pimm>/4.

For the 64-bit variant: 1s the optional positive immediate byte offset, a multiple of 8 in the range 0
to 32760, defaulting to 0 and encoded in the "imm12" field as <pimm>/8.



ARM-vBAIES : LDR (BEFEH/IFE)

LDR <Xt>, [<Xn|SP>, (<Wm>|<Xm>){, <extend> {<amount>}}]

|31 30 29 28|27 26 25 24|23 22 21 20| 16/15 1312[1110 9 | 5 4| 0|
1 x{1 1 1{0o]|o0 o]0 1]1 Rm option [S|1 0 Rn Rt
size opc

ldr x2, [x1, x0]

ldr x2, [x1, x0, 1lsl 3]

LDR <Xt>, <label>

31 30 29 28|27 26 25 24|23 | | | 5 4| 0|
0 x{0 1 1]0]0 0O imm19 Rt

opc
<label> Is the program label from which the data 1s to be loaded. Its offset from the address of this

mstruction, in the range +/-1MB, 1s encoded as "imm19" times 4.



ARM-v8A3ES: STR

STR <Wt>, [<Xn|SP>], #<simm>

|31 30 29 28|27 26 25 24|23 22 21 20| | 12]1110 9 | 5 4| 0|
1 x{1 1 1{0]0 0|0 0]0 imm9 0 1 Rn Rt
size opc

STR <Xt>, [<Xn|SP>, #<simm>]!

|31 30 29 28|27 26 25 24|23 22 21 20| | 12|]1110 9 | 5 4| 0|
1 x{1 1 1{o]o 0|0 0]0 imm9 1 1 Rn Rt
size opc

STR <Xt>, [<Xn|SP>{, #<pimm>}]

|31 30 29 28|27 26 25 24[23 22 21 | | | 109 | 5 4| 0|

1 x|1 1 1(0[0 110 O imm12 Rn Rt
size opc

STR <Xt>, [<Xn|SP>, (<Wm>|<Xm>){, <extend> {<amount>}}]

|31 30 29 28|27 26 25 24|23 22 21 20| 16/15 1312[1110 9 | 5 4| 0|

1 x|1 1 1{0|0 0]0 01 Rm option [S]|1 O Rn Rt
size opc




IR => Assembly: BE#1EzH

%r2
%r3
%ra

%rl =

add 132 %0, %1
sub i32 %rl1, 2
mul 132 %r2, %1
sdiv 132 %r3, %1

5

—




ARM-v8AIES : EHUEE: ADD

ADD <Xd|SP>, <Xn|SP>, #<imm»{, <shift>} sh==1, immZA#12{iL
|31 30 29 28|27 26 25 24|23 22 21 | | | 109 | 5 4| 0|
sf]0[0]1 0 0 0 1 0Ofsh imm12 Rn Rd
op S
add x0, x1, 4095
_ add x0, x1, 4097
ADD <Xd>, <Xn>, <Xm>{, <shift> #<amount>} add x0, x1, 20480
|31 30 29 28|27 26 25 24|23 22 21 20| 16|15 | 109 | 5 4| 0|
sfl0(0|0 1 0 1 1]shift |0 Rm imm6 Rn Rd
op S

add x0, x1,

For the 64-bit variant: 1s the shift amount, in the range 0 to 63, defaulting to 0 and encoded in the

"i1mmo6" field.



Febe S N — Aebe
ARM-v8ATES: HHIZH: SUB
SUB <Xd|SP>, <Xn|SP>, #<imm>{, <shift>}

|31 30 29 28|27 26 25 24[23 22 21 | | | 109 | 5 4| 0|
sfl1]0]11 0 0 0 1 0]lsh imm12 Rn Rd
op S

SUB <Xd>, <Xn>, <Xm>{, <shift> #<amount>}

131 30 29 28|27 26 25 24|23 22 21 20| 16|15 | 109 | 5 4| 0|
sfl1]0]10 1 0 1 1]|shift]|0 Rm imm6 Rn Rd
op S




ARM-v8AIES : EHIZE : MUL/SDIV

MUL <Xd>, <Xn>, <Xm> AT TR

|31 30 29 28|27 26 25 24|23 22 21 20| 16]15 14 | 109 | 5 4| 0|

sff[0 0|1 1 01 1[0 0 O Rm o1 1 1 1 1 Rn Rd
o0 Ra

SDIV <Xd>, <Xn>, <Xm>

|31 30 29 28|27 26 25 24|23 22 21 20| 16|15 14 1312|1110 9 | 5 4| 0|

sfflOl0O|1 1 01 0 1 10 Rm 0O 000 1|1 Rn Rd
01




~

ARM-v8AIES: ESEHIZE

w

MADD <Xd>, <Xn>, <Xm>, <Xa>

|31 30 29 28|27 26 25 24|23 22 21 20| 16[15 14 | 109 | 5 4| 0|
sfl0 0|1 1 01 1]/0 0 O Rm 0 Ra Rn Rd
o0

MSUB <Xd>, <Xn>, <Xm>, <Xa>

|31 30 29 28|27 26 25 24|23 22 21 20| 16(15 14 | 109 | 5 4| 0|
sfl0 0|1 1 0 1 1[0 0 O Rm 1 Ra Rn Rd
o0

x1l * x2 + x3
x1l * x2 - x3

madd x0, x1, x2, X3 X0
msub x0, x1, x2, X3 X0




IR=>Assembly: EEEIZEH LR

%rl
%Br2

icmp
zext

sgt 132 %0, %1
i1l %rl to 1i32

%rl
%r2

icmp
zext

sge 132 %0, %1
il %rl to i32

%rl
%r2

icmp
zext

eq 132 %0, %1
i1l %rl to i32

%rl
%r2

icmp
zext

nhe i32 %0, %1
il %rl to i32

%rl
%r2

icmp
zext

sle 132 %0, %1
il %rl to i32

%rl
%Br2

icmp
zext

1t i32 %0, %1
il %rl to i32

—

—

—

—

—

—

%#

cmp wo, wl
cset wo, BE

cmp wo, wl
cset wo, B&

cmp wo, wl
cset wo, @M

cmp woO, wl
cset wo, RE

cmp woO, wl
cset wo, HE

cmp wol, wl
cset wo, WE

X

FHRE




ARM-v8AIES : LLARIZEH: CMP
o EXFPSR (Nzcv) Z1FEEsCIf

MP <Xn|SP>, #<imm>{, <shift>} SUBS WZR, <Wn|WSP>, #<imm> {, <shift>}
|31 30 29 28|27 26 25 24|23 22 21 | | | 109 | 5 4| 0|
sfl1]1]11 0 0 0 1 O|sh imm12 Rn 111 1 1
op S Rd

(MP <Wn>, <Wm>{, <shift> #<amount>}

|31 30 29 28|27 26 25 24|23 22 21 20| 16[15 | 109 | 5 4| 0|

sf[1]11]0 1 0 1 1]|shift|0 Rm imme Rn 111 11
op S Rd




ARM-v8AFE<: 1ELHINZCV
o BT RUASLIN, EHCPSRFFaT
N (31fi) : FFEHREAN; WRH, NIN=1
» Z (30fi0) : OfRFENL; wWSRo, Niz=1
o C (290i) : HHAUFRERAL;
S8 MEHA, SEUENEHRL, Mc=1

o v (28i) : mibFrELL; AFSEE@E, Mv=1

Rt N 2 € ¥

Greater than 0 0 1 0

Less than 1 0 0 0

Equal o 1 1 0




|

ARM-VEAZ 1725 -

e
2
)
i

WZR

|
o

mov X1, xzr x1
mov wl, wzr w2 =

)




ARM-v8at5%: 1S (ZFH)

CSET <Xd>, <cond>

|31 30 29 28|27 26 25 24|23 22 21 20| 16]15 121110 9 | 5 4| 0|
sfloJjol1 1 01 0100|1111 1] !=111x [0f1]1 11 11 Rd
op Rm cond 02 Rn

CBNZ <Xt>, <label>

|31 30 29 28|27 26 25 24|23 | | | 5 4| 0|
sfflo 1 1 0 1 0|1 imm19 Rt
op

(BZ <Xt>, <label>

131 30 29 28|27 26 25 24|23 | | | 5 4| 0|
sfflo 1 1 0 1 0|0 imm19 Rt
op




IR => Assembly: BkEE1EA]

bbo: cmp wo, wl
%rl = icmp sgt 132 %0, %1 b.le .LBBO_2
br 11 %rl, label %bbl, label %bb2
bbl:
br label %bb3
bb2:
br label %bb3
bb3:

.LBBO_3




T
Vs

ARM-v8AIES: Bka%+

B <label>

|31 30 29 28|27 26 25 | | 0|
olo o 1 0 1 imm26

op

B.<cond> <label>

|31 30 29 28|27 26 25 24|23 | | | 5 43 0|
01010 10]0 imm19 0 cond

Branch offset range
from the PC add wo, wl, w2

cbz zero_set

Mnemonic Instruction

B.cond Branch conditionally +=1MB
BC. cond Branch Consistent conditionally =1MB
zero_set:
CBNZ| Compare and branch if nonzero ~ =1MB
(BZ Compare and branch if zero =1MB
TBNZ Test bit and branch if nonzero =32KB

TBZ Test bit and branch if zero +32KB e




IR => Assembly: FE1zH (ZIENOT)

EOR <Xd|SP>, <Xn>, #<imm>

|31 30 29 28|27 26 25 24(23 22 21 | 16|15 | 109 | 5 4| 0|
sfl1 0|1 0 0 1 0 O|N immr imms Rn Rd
opc

EOR <Xd>, <Xn>, <Xm>{, <shift> #<amount>}

131 30 29 28|27 26 25 24|23 22 21 20| 1615 | 109 | 5 4| 0|
sf{[1 0]/0 1 0 1 0]shift |0 Rm imm6 Rn Rd
opc N

Mnemonic Instruction

AND Bitwise AND

ANDS Bitwise AND and set flags
EOR Bitwise exclusive OR

ORR Bitwise inclusive OR

TST Test bits




O = FEEFSIMDIES
o [MEEFEE: Q0-Q31

-0

J—

127 95 63

VLDR SO, [XO]
VLDR S1, [X1]

VADD.F32 S2, SO, S1

VLDR QO, [X0]
VLDR Q1, [X1]
VADD.I32 Q2, 00, 01




IR => Assembly: ER%

@g = global i32 10

define 132 @foo(i32 %0) {

}

%X = alloca 132

store 132 %0, ptr %X
%g0 = load 132, ptr @g
ret 132 %go

define 132 @main() {

}

%r@ = call 132 @foo(i32 1)
ret 132 %re;

1 word = 4 byte




LELEER IS

o SHRIE: X0-X7

e 1R [O]{H: X0-X1

e Caller-saved Registers: X9-X15 (G T 1F85)
» Callee-saved Registers: X19-X28

° X29: —ARFATixmiEIEET

° X30: —fxATIREIHIE

° SP: FXINIEET




ARM-vBAFES : EREIE R
o PRAEHIEX301% E FIPC+4

BL <label>
131 30 29 28|27 26 25 | | 0|
110 0 1 0 1 imm26
op
BLR <Xn>
|31 30 29 28|27 26 25 24|23 22 21 20{19 18 17 16/1514 1312|1110 9 | 5 4| 0|

110101 1(0]0j0 1)1 11 1 10 0 0 0]0]0 Rn 000 O00O
Z op A M Rm




— | —I"I— =

— . 1N =
IR => Assembly: HUlF (/T =)
Mnemonic Instruction

x . N
ADRP Compute address of 4KB page at a PC-relative offset 4KB$@J I *E].Z'Tij?o
adrp x8, g

ADR Compute address of label at a PC-relative offset. add X8 , X8 , 1012 g

C7E odrp x8, g@PAGE

add x8, x8, g@PAGEOFF

ADRP <Xd>, <labels

|31 30 29 28|27 26 25 24|23 | | | 5 4| 0|
1 Jimmlo[1 0 0 0 0 immuhi Rd
op

ADR <Xd>, <labels>

|31 30 29 28|27 26 25 24|23 | | 5 4| 0|
0 |imm|o 10000 immhi Rd

op




3] BTYIRESEREZINERNL SR

%1l = alloca [2 x 132]
%2 = getelementptr [2 x i32], ptr %1, i32 @, 132 1
store i32 99, ptr %2

%mystruct = type { 132, i32 }
define 132 @main() {
%1 = alloca %mystruct
%2 = getelementptr Zmystruct, ptr %1, i32 0, i32 1
store i32 1, ptr %2
ret i32 0

}




—. phifg&
5 S A IE




phitg S HISIA

if a==0 { bb1l:
a=a+b; %rl = icmp eq i32 %al, ©
br i1 %rl, label %bb2, label %bb3
} bb2:
let r = a + ¢; %a2 = add i32 %al, %bil
br label %bb3
bb3:

%a3 = phi il [%al, %bbl], [%a2, %bb2]
%rl = add 132 %a3, %bl




B phitg S H7%1: 4 Hstore-load

bbl:
%a = alloca i32
%rl = icmp eq i32 %al, ©
store 132 %al, ptr %a
br 11 %rl, label %bb2, label %bb3
bb2:
%a2 = add 132 %al, %bl
store 132 %a2, ptr %a
br label %bb3
bb3:
%a3 = load 132, ptr %a
%rl = add 132 %a3, %bl




HIRphitES F752: ERH{AIES

bbl:

bb2:

bb3:

%rl = icmp eq i32 %al, ©
%a3 = %al
br i1 %rl, label %bb2, label %bb3

%a2 = add 132 %al, %bl
%a3 = %a2
br label %bb3

[o) — 3 3 o, o, o o,
J J J

%rl = add 132 %a3, %bl




fn fac(n: i32) -> i32 { define i32 @fac(i32 %0) {

let r = 1; bbe: .
while n>1 { br label %bbl
bbl:
r=r*n; %@ = phi i32 [ %8, %bbo ], [ %t7, %bb2 ]
n =n-1; %r@ = phi i32 [ 1, %bbo ], [ %t5, %bb2 ]
} %t2 = icmp sgt i32 %no, 1
return r; br i1 %t2, label %bb2, label %bb3
bb2:

%t5 = mul 132 %re, %ne
%t7 = sub 132 %neo, 1
br label %bbil

bb3:
ret 132 %ro




deSSA => ARM3L 4 :

A1

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

%N0O =
%ro =
%t2 =
br il

%t5 =
»t7 =
store
store

ret i32 %ro

load
load
icmp
%t2,

i32, ptr %n

i32, ptr %r

sgt 132 %no, 1

label %bb2, label %bb3

mul i32 %ro, %no
sub 132 %no, 1
i32 %t5, ptr %r
i32 %t7, ptr %n
br label %bbl

_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, 1
b.le LBBO_ 3
LBBO_2:

mul wl0, wlO, w9
sub w9, w9, 1
str wle, [sp, 8]
str w9, [sp, 12]
b LBBO 1

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




deSSA => ARMSC4R: F53%2

define 132 @fac(i32 %0) {
bbo:
%N0 = %0
%re = 1
br label %bbl
bbl:
%t2 = icmp sgt i32 %neo, 1
br 11 %t2, label %bb2, label %bb3
bb2:
%t5 = mul i32 %re, %no
%t7 = sub 132 %no, 1
%re = %t5
%»nO = %t7
br label %bbl
bb3:
ret 132 %ro
}

_fac:
mov w8, wo
mov w9, 1
LBBO 1:
cmp w8, 1
b.le LBBO 3
LBBO 2:
mul wlO, w9, w8
sub wll, w8, 1
mov w9, wleO
mov w8, wll
b LBBO 1
LBBO 3:
mov WO, w9
ret




v 4

I
A

1 |o) /i




IR¥ES

ZIRIES, ZMASMERER I

%rl =

mul 132 %a, 8

IR¥ES

|

FEZMASMERES

—> |mov w2, 8
mul wo, wl, w2

> 1s1 wo, wl, 3

BE, SZFASMENEAR

%p =
%V

getelementptr i32, ptr %array, 132 0, i32 1

load 132, ptr %p

L.
L

add x1, x1, 4
ldr wo, [x1]

ldr wo, [x1, 4]




49

:5‘&:1 : /lef.ﬁj\jfﬁ'

r=a*b+ c;

add

%rl = load 132 %a; 132 %r5
%r2 = load 132 %b; mul

%r3 = mul 132 %rl, %r2; | f d32 %r3)

%rd = load 132 %cC; load (load | ( load )

. i32 %ril i32 %r2) i32 »r4
%r5 = add 132 %r3, %r4; R S 3 7

. o o . _ . ) v X
store i32 %r5, %r; ptr %a ptr %b ptr %c ptr %r

RS HIERE

BRI dmie <7 EFRF MR BN A




AR RRAY

~t

if(a==0) {
a =a + b;

}

let r = a + c;

bbl:
%al = load i32, ptr %a
%rl = icmp eq i32 %al,
br i1 %rl, label %bb2,

label %bb3

bb2:
%a2 = load i32, ptr %a
%bl = load i32, ptr %b
%a3 = add 132 %a2, %bl
store 132 %a3, ptr %a
br label %bb3

bb3:
%ad4 = load i32, ptr %a
%b2 = load i32, ptr %b
%r2 = add 132 %a4, %b2

store 132 %r2, ptr %r

Iba
|
Jnp
BYAY

load

%al

—1

A

icmp ne

%a

[ %bb2 |

bb1 &S HHE

store

%a

\

[ 1oad |

J .

%]

A

>  %a

v

%b

bb2 IESHIER

%»r

bb3 IE S HIEARE




HAERIER: ZMload-storellfifF 357217

a[j] = t
t = a[i]

%ai = getelementptr [10 x 132], [10 x i32]* %a, i32 @, i32 1
%aj = getelementptr [10 x 132], [10 x 1i32]* %a, 132 @, i32 j
%ajl = load i32, ptr %aj

store i32 %ajl, ptr %ai

%»tl = load 132, ptr %t

store i32 %tl, ptr %aj

%ail = load i32, ptr %ai

store i32 %ail, ptr %t

» store
store |« store |«
load load
%ail %ajl
v \ 4
getelementptr [ getelementptr ] load
%ai %aj %tl
%a %t |

15 A Eh R 375 [&]



SUBRIER: MERSEE I

t = a[i]

%ai = getelementptr [10 x 132], [10 x i32]* %a, i32 @, i32 1
%aj = getelementptr [10 x 132], [10 x 1i32]* %a, 132 @, i32 j
%ajl = load i32, ptr %aj
store i32 %ajl, ptr %ai

store |«
load
%ajl
getelementptr [ getelementptr ]
%ai %aj

A A

%a

£ 4R 5= [E]



WERER: ABESEE
t = a[i]

%ai = getelementptr [10 x 132], [10 x i32]* %a, 132 @0, i32 i
%aj = getelementptr [10 x i32], [10 x i32]* %a, 132 0, 132 j
%ajl = load 132, ptr %aj

store 132 %ajl, ptr %ai

%»tl = load 132, ptr %t

store i32 %tl, ptr %aj

%ail = load i32, ptr %ai

store 132 %ail, ptr %t

={storel

store store |«

load load
%ail %ajl

A A

A 4 A 4

getelementptr [ getelementptr ] load
%ai %aj %tl
A A A
%a %t e

32 A IR SZ [E]



t = a[i]

MBRTER: MERSEE

%ai = getelementptr [10 x 132], [10 x i32]* %a, 132 @0, i32 i
%aj = getelementptr [10 x i32], [10 x i32]* %a, 132 0, 132 j
%ajl = load 132, ptr %aj

store 132 %ajl, ptr %ai

%tl = load 132, ptr %t

store 132 %tl, ptr %aj

%ail = load i32, ptr %ai

store i32 %ail, ptr %t

A 4

store

load load
%ail %ajl

y y
\ 4 A 4

getelementptr [ getelementptr ] load
%ai %aj %tl
A A A
%a %t |

1 AR IR E [E]



SIEERE: BoEEIFE
o BN mIE S B FAF MBI R]
o B8 T storedd, BECARBNYEARELEIE

» store |« » store |« » store |«

load load
%ajl %ail
A A

getelementptr getelementptr getelementptr [ load ) [getelementptr ]
%ai %aj %aj | %tl %ai

A a A

%a %t %t




eSO => E & & (o)@n

* ¥l N\Selection DAG, {A]7E HEFFHE B4
o (KFN (F5SED)
o MATIRE IR LDR

4
STR 1
ADD/ADD 1
SUB/SUBS 1
MUL 3
MADD/MSUB 3
4
1
1
1
1

JF

iRy FF3H

SDIV
MOV
ADR/ADRP
B/BL/RET
CBZ/TBZ...
BLEITHERE
(Arm Cortex-A72)
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/////4 store I ldr wl, [sp, .a]
[ .b]

ldr w2, [sp,

add 1dr w3, [s c:
P

mul w3, wl, w2

mul
/~|i32 %r3 add w5, w3, w4
, str w5, [sp, .r]
[ load ] [ load || load ] )
i32 %r1) | [i32 %r2) |[(i32 %ra H—

| | | ‘

i32* %a| [i32% %b| [i32* %c| [i32* %r




4////' ctore I ldr w1, [sp, .a]

ldr w2, [sp, .b]
add - -
139 % ldr w4, [sp, .cC]
1 madd w5, wl, w2, w4

store w5, [sp, .r]

L N\ s a S —
[ load ] [ load load ] H:_ct_
i32 %ril 132 %r2)||\i32 %r4

| | ,,

i32* %a| [i32% %b) [i32* %c| [i32* %r




H Suwel ldp wl, %r2, [sp, .a]
, ldr w3, [sp, .c]
| 2dd madd w5, wl, w2, r4
i32 %r5

1 store w5, [sp, .r]

A=

yd
[ load ] [ load )||( load ]
i32 %ril 132 %r2)||1\i32 %r4

| | T ,,

ptr %a | | ptr %b ptr %c | | ptr %r




load + load/store + store
o UNRaFNbpy b EZE

1 T ldr w1, [sp, .a]
ngégq] [iizziJ ldr w2, [sp, .Db]
_ FF5H: 8
i32* %a| [i32* %b ldp wl, w2, [sp, .a]
Fr5H: 4

str wl, [sp, .a]

—| store | — store
A A

str w2, [sp, .b]

132* %a| [i32* %b FFEd: 2

stp wl, w2, [sp, .a]
Frig: 1




mul + add

add
;'%PS\
mul . 0
[ N ] [ 132 m]

N

[ i32 %rl ] [ i32 %r2 ]

add
i32 %rS
mul . 0
[ i32 %r3 ] [ 132 %r4 ]
[ i32 %r1l ] [ i32 2 ]

mul w3, wl, w2
add w5, w3, w4

FriH: 4

madd w5, wl, w2, w4

FFiH: 3

mov wo@, 2
mul w3, wl, wo
add w5, w3, w4

FiH: 5




load + getelementptr: %28

[1°ad 132] add .w2, wl, 16
%r3

Sea% %o ldr %w3, [wl, 16] HFig: 4

/T\

[ getelementptr ]

[const x 1i32]* i6 4
%rl
BEZRSI
Tosd 132 mov wo, 8
[ Ozr; ] mul w2, w4, we
= add w2, wl, w2
ldr w3, [w2] FFsH: 9

[ getelementptr ]
i64* %r2 mov %wo, 8

4//,//”/)Tk\\\\\\ mul %w2, w4, wo

[[const X 132]*} [ i64 ] [ i64 ] ldr %w3, [wl, w2] Fréh: 8
%rl %rd
ldr %w3, [wl, w4, 1sl 3]
TEERT

| Ft: 4 ©)



5| B S0 R B A

o ZILEE: Maximal Munch
s BRNIAFREBETRES. HHEEARN
o HRIMHEF: ERCCHRIES
o FEbEmi

o HIESMK!

s NE&le—%ESHIE, BIARREBIMTRNEMA R




RILNERBEB B H MR

[iagd;rs] mul w4, wl, w2

/"°\ add w6, w3, wi

[ 3 ] [ 1 ] add w7, w4, w5

132 %ré6 i32 %r7 add w8, w6, w7

Com mul 5n o
[132 Ar‘3] 132 /r‘4] [132 Ar‘S]

/\ madd w6, wl, w2, w3
madd w7, wl, w2, w5

[ 32 /or‘l] [132 /orz] add w8, w6, w7

FiH: 7




== S LN
52 &R
* Arm® Architecture Reference Manual for A-profile architecture

o TEZRFRIURE: http://163.238.35.161/~zhangs/arm64simulator/

=[] C3: A64 Instruction Set =[] C6: A64 Base
Overview Instruction

l:l C3.1 Branches, Descriptions
Exception [l 6.1 About the A4
generating, and base instructions
System instructions = l:l 6.2 Alphabetical

[] €3.2 Loads and list of A64 base
stores instructions

[l 3.3 Loads and [] c6.2.1ADC
stores - SVE l:l C6.2.2 ADCS

[l €34 Data
processing - [l c6.23ADD
immediate {eﬁended

[l c35Data register)
processing - register H C6.24 ADD

l:l C3.6 Data (immediate)
processing - SIMD H C6.2.5 ADD
and floating-point (shifted register)

[] 3.7 Data [l c6.26 ADDG
processing - SVE l:l C6.2.7 ADDS

[:I (3.8 Data (extended
processing - SVE2 register)
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