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ARM##in

[E12] ARMCRIESFZEM
[232] ARMZE#): #Stack
ARMv8-A has a 64-bit architecture called AArch64

e ARM

o JYH

= ARMESERE: L&
= ARM32: AArch32 = 32fif #J ARMAJA32 F] ThumbAyT32
» ARM64: AArch64 = 641 B AG4IESE
» EHYERERRFFEE, MEFFHENER, ERFS: BRAE
o ARAAE
» Bl3F
= ARM32: AAPCS
= ARM64: AAPCS64
= PCS=Procedure Call Standard
= specifies
= Which registers are used to pass arguments into the function.
= Which registers are used to return a value to the function doing the calling,
known as the caller.
= Which registers the function being called, which is known as the callee, can
corrupt.
= Which registers the callee cannot corrupt.
w 1R
» BEEEN:
» KEE
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ARM32
=AArch32
=A32
~= ARMv7

=ARM

Author: Crifan Li

ARM Registers Architecture Update: 20240925
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Register | Synonym | Special Role in the procedure call standard
r15 PC The Program Counter.
r14 LR The Link Register.
13 SP The Stack Pointer.
r12 P The Intra-Procedure-call scratch register.
r1 v8 Variable-register 8.
r10 v7 Variable-register 7.
9 gg Platform rggister. . . '
R The meaning of this register is defined by the platform standard.
r8 v5 Variable-register 5.
r7 va Variable register 4.
r6 v3 Variable register 3.
r5 v2 Variable register 2.
r4 v1 Variable register 1.
r3 a4 Argument / scratch register 4.
r2 a3 Argument / scratch register 3.
r1 a2 Argument / result / scratch register 2.
r0 al Argument / result / scratch register 1.

= AAPCS64 ~= AArch64

- it

Earame:er ang ]

—

X0
X1
X2
X3
X4
X5
X6
X7

Table 2, Core registers and AAPCS usage

X8 (XR)
X9
X10

X11
X12 Calllee saved

registers
X13

X14
X15

g ™ X16 (IPO)
all scratch
- X17 (IP1) :

Platform register j X18 (PR)

[Procedure Link register %

» SHNEFESE, BENBR
PC = Program Counter = F2Eit#152
» iR ICFRYEICPURSLL, S 2iEMIEABIERIES

» KE (—R) ERA=TME, BHESD R=THERIT

= 1, BUE
= 2, IFE:

D MEFiERRRE—RIER
IR ERITEIES

n 3. 1T AR IESHBERERTESR

» W FFES
= ARM32:
= ARM64:

LR = Link Register = PiEH7Z8

» iR AT REERfunction calls

» WM FFER

R15
X31

X29 (FP)
X30 (LR)



= ARM32: Ri14
= ARM64: Xx30
m  SP = Stack Pointer
= ARM32: R13
" FP = Frame Pointer = MigH
= ARM32: R117?
= ARM64: x29
m IP == Intra-Procedure = Intra-Procedure-call (scratch) register
= ARM32:
= R12
= ARM64
= [P0 (X16) = first intra-procedure-call scratch register

EZikay

= |[P1 (X17) = second intra-procedure-call temporary register
PR=Platform (specific) Register=F 818X 1725
= ARM32: R9
= v6 = an additional callee-saved variable register

= A virtual platform that has no need for such a special register may
designate r9 as an additional callee-saved variable register, v6
= SB=Static Base: in a position-independent data model
= TR=Thread Register: in an environment with thread-local storage
= ARM64: X18
» XR=indirect result Register=[a]1&45 R 1788
» B RFRIFRAIRER (SHFSFIEFEBSER) £R (RiEH i)
» LB x0. x1FFRFRECRENZBNEELRENER, BB )FFE6EF
=FE
» MNFFER
= ARM32: Jg?
= ARM64: X8
» HitFEFHEBEEINANSE
= Parameter and Result Registers
» & FERSHHNER
» EBERHNSE: BAEM (F) REE, Bx0. x1. xX2FFERHSH
» REFERHER: RAAREE, SRRFEX0EFTEFRF
» WNFFER
= ARM32: RO-R3
= ARM64: X0-X7
w455k
» —RRFIRELSER, RAX0
» RPBIERT, AR x1, REIFEZDRERLE
= CallerfCallee
» Caller-saved registers=1§ A& 1 TR ZH0 5 Z83=temporary registers=IaiI & 1F
#3=Corruptible Registers=8 S K IR F 1723
s &
» REUEAT BEAR HEAREZE ATRFX9-X15
» HAFRAZE, MRXEFEFHRPEREFE, CHEEREFER, AR



ZFLTX
» RBAARE, BREXLFFE, MIKE TG
w SCRABM AT AREIZTT
» SN EFFES
» ARM32: #FERIZHEXMTIAE?
= ARM64: X9-X15
= Callee-saved Registers=#{ A& 1 R R FHNSTF23
» AR
» WIEARE, ERERRE, NERITZE], RFEREREFEX19-X29
» N7
= ARM32: R4-R11
s [T RO4FTREPR=Platform (specific) Register
= ARM64: X19-X28
» HfthijhA
» FEERFENEE
= SREW, EEZIWO0,. W1%: BT {RfFintegeris
= 5D, tEZID0. D1%: AT {RIFdoubleXAEE ¥ RS
o HAth#EX
» [RT ERANEBNEETERZI, TBERSTES
» REFES
m CPSR = Current Program Status Register
= |[HFR: APSR = Application Program Status Register
» CPSRMIbItiIE X

3130 29 28 27 26 25 24 23 20 19 16 15 109 8 76 5 4 0
DNM DNM DNM
N|z|C|V]|Q J GE[3:0 E|A|I|[F|T M[4:0
(Raz| Y| (RAZ) (301 (RAZ) [4:0]
Greater than Mode bits
or equal to i
Java bit State bit
: -—— FlQ disable
Sticky overflow X
L———  IRQdisable
Overflow L——————————— Imprecise abort bit
Carry/Borrow/Extend Diitaartlianess Bi
Zero
n Negative/Less than

m  SPSR = Saved Program Status Register
 3E: BB A
» FESENIE=HR
= Global register
= A register whose value is neither saved nor destroyed by a subroutine. The value
may be updated, but only in a manner defined by the execution environment.
m Scratch register / temporary register
= Aregister used to hold an intermediate value during a calculation (usually, such
values are not named in the program source and have a limited lifetime).
= Variable register / v-register
= Aregister used to hold the value of a variable, usually one local to a routine, and
often named in the source code.
» ARMIERE=RRKE, B, ¥, BUTRERHITA
» IEPCHEEAYZE [EAEERIE AL
» BRIREARMRE T, —TMELH4NFT



= B2
» cpulbTEIFIEMIIEL ML EPC-4
» cpulEFEHITHIFES L EPC-8
» T—TELQIEME: PC+4
v -) tER1HPCERiE MAVME I FIINE FRATROTE S AR 8
» HRAREFEORR, REFNZPCHMhILE
» NRIREINIMERREPC, BAREME—TELRENT, AUA
= SUB pc Ir-irq #4
» REGEA X

» callerflcallee

(- LR” J
FP” -«
Caller FP" ——»
Stack args area
= SP’ >
Local variables
Callee save area
Callee R
FP’ —
FP >
Stack args area
- _ SP >

= Example stack frame layout



Stack before

} calling a function } ,

Stack after
} calling a function

LH" LRH
FP" g ' FP" é")
FP' _F Dynamic Allocation 8 anFe)mry_F Dynamic Allocation 8
Stack Arg Area Stack Arg Area
(outgoing) (incoming)
SP' — SP' - =
t k on entry
Z ° agov%:;ows Z GR Arg Save Area
VR Arg Save Area
Callee-Saved Registers
3
©
Local Variables o
___________ LR'
FP FP
while running Dynamic Allocation
Stack Arg Area
SP (outgoing)
while running Stack grows
down Z
n Example stack frame layout
= The va_list
5 = "e"(“ zaCk 29 ’|(— __stack
ac r rea
SP' > 9 - - _9 I'_tOp
on entry GR Arg Save Area ]
nextgenregarg M + va_list
- _VI’_tOp
VR Arg Save Area 5
nextfp/simdregarg 4 &
m Theva_list
» LRFEFR AE BR
1 B2
ﬂ Label | 299
___|BL  Labe l-'/ ’—
(o bk 2) v
| HahkA) 77 4
e h‘“\\-._\__‘ T
1L pov_ Feyi
~ ]

"=~~~} ruadilta)-} -

» EXBFHRD

= prologue vs epilogue

= prologue code = start of routine = FF17{{3
» WIARRMNEF R —RABEMNES



= epilogue code = £
» HIARRSNERE—BRABENRNSIE
= caller-safe register vs callee-safe register
» caller-safe register
v callerfiFRIRFNE 74
s LEANXr12@ fEscrateh registerfit, calletiERAEREAN, BRIRESERr12,
120918, MttEtcallerRBARAEMEREEAcalle2dl, B2REMF
r126918
= -) Scratch register thilftfcaller-safe register
= callee-safe register
» caleATIRIFIIF 783
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o [EfER] ARMBIARMGACRIBEFNF 3. HAFCEEMANIR
o [EfBR] ARMAMEZRAENTE

o [EIE] ARMIZREBHTAAPCS: H{IER

o [EfBR] IDAFRXspHIxbp 24 S BUNEIE fiithit

BRAA

o ARMIERFIZ 1723
o ARMAMEZRBF7HM (B1T) &R
= usr = User = P&
= fiq = Fast interrupt = RIEFHTIER
= irg= Interrupt = @ HRTIE
= svc = Supervisor = BIEE
= abt = Abort = i8] LR
= usr = System = RFHEDR
s UserAFPEXFSystemBRAERHA—ES 1728
= und = Undefined = RENXIELHIEIET

o A
= Organization of general-purpose registers and Program Status Registers
Application
level view System level views
r Privileged modes
r Exception modes
(
User | System | Supervisor Monitor Abort Undefined IRQ FIQ
mode mode mode mode t mode mode mode mode
RO RO_usr
R1 R1_usr
R2 R2_usr
R3 R3_usr
R4 R4 _usr
R5 R5_usr
R6 R6_usr
R7 R7_usr
R8 R8_usr R8_fiq
R9 R9_usr R9 _fiq
R10 R10_usr R10_fiq
R11 R11_usr R11_fiq
R12 R12_usr R12_fiq
SP SP_usr SP_svc SP_mon* |[SP_abt SP_und SP_irq SP_fiq
LR LR_usr LR_svc LR _mon# |LR_abt LR _und LR _irq LR _fiq
PC PC
[APSR  |[cPsR
|SPSR_svc SPSR_mon §SPSR_abt [SPSR_und |SPSR_irq SPSR_fiq

1 Monitor mode and the associated banked registers are implemented only as part of the Security Extensions




AAPCS(Procedure Call Standard for the Arm Architecture) %
FiARAMIE = ARMEFZEAE Aig

e AAPCS = Procedure Call Standard for the Arm Architecture = FZFVERIME
o BN WIRTARMFEFRAEMAE
o E=ir
» ARMRRENFZERAREN + FFasAE

ARM state general registers and program counter

AAPCS EERFIARIGE

System and User FIQ Supervisor Abort IRQ Undefined
/
0 0 0 0 0 0
Argument(Parameter) /
r r r r r m
P P P P 2 2 Result / Scratch register

% 6 6 6 6 6 (Local) Variable register

7 7 7 7 7 7

8 r8_fiq 8 8 r8 r8

9 r9_fiq 9 9 9 9 Platform specific: v6 / SB(Stack Base) / TR
r10 r10_fiq 0 10 0 0 SL = Stack Limit pointer

r11 r11_fiq r11 r11 r11 1 FP = Frame Pointer

2 r12_fiq 2 2 2 2 IP = Intra-Procedure call scratch register
13 r13_fiq r13_svc r13_abt r13_irq r13_und SP = Stack Pointer

r4 r14_fiq r14_svc r14_abt r4_irq r14_und LR = Link Regsiter

r5 r15 (PC) r15 (PC) r15 (PC) r15 (PC) r15 (PC) PC = Program Counter

ARM state program status registers

[ cpsR ][ opsR |[ cpsk ][ cesk | [ cpsR | [ cPsR |

[\spsrfia | N\sPsRsve | [\sPsRabt | N\sPsRira | [\ SPSR und |

n B = banked register

ARM state general registers and program counter iE m %ﬁ%ﬁﬂ]*ﬂ rii-l'ﬁ%s

System and User FIQ Supervisor Abort IRQ Undefined
0 0 0 0 0 0 B
r r r r M r
2 2 2 2 2 2 FEFRARSEEER
r3 r3 r3 r3 r3 r3 )
T4 4 4 [ 4 3 N\
5] s 5 s 5 5]
6 6 6 6 6 6
7 r7 7 7 7 7
8 r8_fiq 8 8 8 8 E gl‘ “T:i %1% ﬁ
9 r9_fiq 9 9 9 9
r10 r10_fiq ro r10 ro r10
r1 r11_fi r11 r11 r11 r11
r 12 r12_fiq r12 12 12 12 p\jg[g_ﬁﬁﬁﬁﬁ.
13 r13_fiq r13_svc r13_abt r13_irq r13_und D
r4 r14_fiq r14_svc r14_abt r14_irq r14_und 4%5*17]3&
5 r15 (PC) r15 (PC) 15 (PC) r15 (PC) 15 (PC) )
ARM state program status registers *i }?:Iﬁ,’éﬁ%ﬁ%;
[ cPsr CPSR CPSR CPSR CPSR CPSR
SPSR _fiq SPSR_svc SPSR_abt SPSR_irq SPSR_und

- B = banked register

s ZIOEFESTIAAPCSHE



Register | Synonym | Special Role in the procedure call standard
ris PC The Program Counter.
r14 LR The Link Register.
r3 SP The Stack Pointer.
r12 P The Intra-Procedure-call scratch register.
r11 v8 Variable-register 8.
r10 v7 Variable-register 7.
9 ;g Platform register. _ _ _ _
R The meaning of this register is defined by the platform standard.
r8 v5 Variable-register 5.
7 v4 Variable register 4.
ré v3 Variable register 3.
5 v2 Variable register 2.
r4 v1 Variable register 1.
r3 a4 Argument / scratch register 4.
r2 a3 Argument / scratch register 3.
r1 a2 Argument / result / scratch register 2.
r0 al Argument / result / scratch register 1.

Table 2, Core registers and AAPCS usage

= 19 FEHEFFEZ v6/SB/TR

= r11=8P
= r12=1P
Table 6.1: Table 2, Core registers and AAPCS usage
Regis- | Syn- Special | Roleinthe procedure call standard
ter onym
rl5 PC The Program Counter.
rl4 LR The Link Register.
rl3 SP The Stack Pointer.
rl2 P The Intra-Procedure-call scratch register.
rll v8 FP Frame Pointer or Variable-register 8.
rl0 v7 Variable-register 7.
r9 \) Platform register.
SB The meaning of this register is defined by the platform standard.
TR
r8 v5 Variable-register 5.
r7 v4 Variable-register 4.
r6 v3 Variable-register 3.
5 v2 Variable-register 2.
r4 vl Variable-register 1.
r3 a4 Argument / scratch register 4.
r2 a3 Argument / scratch register 3.
rl a2 Argument / result / scratch register 2.
r0 al Argument / result / scratch register 1.




Register Synonym Special Role in the procedure call standard

ri5

ri4

ri3

12

ri1

r10

r9

r8

r7

ré

r5

r4

r3

2

ri

r0
]

- pc Program counter.

- Ir Link register.

- sp Stack pointer.

- ip Intra-procedure-call scratch register.

v8 - ARM-state variable register 8.

v7 sl ARM-state variable register 7. Stack limit pointer in stack-checked variants.
vé sb ARM-state variable register 6. Static base in RWPI variants.
v5 - ARM-state variable register 5.

v4 - Variable register 4.

v3 - Variable register 3.

v2 - Variable register 2.

vl - Variable register 1.

a4 - Argument/result/scratch register 4.

a3 - Argument/result/scratch register 3.

a2 - Argument/result/scratch register 2.

al = Argument/result/scratch register 1.

» MAEMRAAUE L
» —ARSKIE, REGREIERAr0-r1

o XF

B/RBATARr2-r3

= ARM Developer Suite Developer Guide #J ATPCS
m r0-r3

Use registers r0-r3 to pass parameter values into routines, and to pass result values
out. You can refer to r0-r3 as a1-a4 to make this usage apparent. See Parameter
passing. Between subroutine calls you can use r0-r3 for any purpose. A called
routine does not have to restore r0-r3 before returning. A calling routine must
preserve the contents of r0-r3 if it needs them again.

m r4-r11

m 12

= r13

Use registers r4-r11 to hold the values of a routine's local variables. You can refer
to them as v1-v8 to make this usage apparent. In Thumb state, in most instructions
you can only use registers r4-r7 for local variables. A called routine must restore the
values of these registers before returning, if it has used them.

Register r12 is the intra-call scratch register, ip. It is used in this role in procedure
linkage veneers, for example interworking veneers. Between procedure calls you
can use it for any purpose. A called routine does not need to restore r12 before
returning.

Register r13 is the stack pointer, sp. You must not use it for any other purpose. The
value held in sp on exit from a called routine must be the same as it was on entry.


https://developer.arm.com/documentation/dui0056/d/using-the-procedure-call-standard/register-roles-and-names/register-roles

= Register r14 is the link register, Ir. If you save the return address, you can use r14
for other purposes between calls.
= 15
= Register r15 is the program counter, pc. It cannot be used for any other purpose.
= Procedure Call Standard for the Arm Architecture - ABI 2020Q2 documentation
= r0-r3
= The first four registers r0-r3 (a1-a4) are used to pass argument values into a
subroutine and to return a result value from a function. They may also be used to
hold intermediate values within a routine (but, in general, only between subroutine
calls).
= 12
= Register r12 (IP) may be used by a linker as a scratch register between a routine
and any subroutine it calls (for details, see Use of IP by the linker). It can also be
used within a routine to hold intermediate values between subroutine calls.
s r11
= |In some variants r11 (FP) may be used as a frame pointer in order to chain frame
activation records into a linked list.

= The role of register r9 is platform specific. A virtual platform may assign any role to
this register and must document this usage. For example, it may designate it as the
static base (SB) in a position-independent data model, or it may designate it as the
thread register (TR) in an environment with thread-local storage. The usage of this
register may require that the value held is persistent across all calls. A virtual
platform that has no need for such a special register may designate r9 as an
additional callee-saved variable register, v6.
= r4-r8, r10, r11
= Typically, the registers r4-r8, r10 and r11 (v1-v5, v7 and v8) are used to hold the
values of a routine's local variables. Of these, only v1-v4 can be used uniformly by
the whole Thumb instruction set, but the AAPCS does not require that Thumb code
only use those registers.
= A subroutine must preserve the contents of the registers r4-r8, r10, r11 and SP (and
r9 in PCS variants that designate r9 as v6).
= r12-r15
= |n all variants of the procedure call standard, registers r12-r15 have special roles. In
these roles they are labeled IP, SP, LR and PC.
o AXRHER
= github.com
= ARM-software/abi-aa: Application Binary Interface for the Arm® Architecture
(github.com)
= aapcs32
» abi-aa/aapcs32.rst at main - ARM-software/abi-aa (github.com)
= aapcs64
» abi-aa/aapcs64.rst at main - ARM-software/abi-aa (github.com)
= Releases - ARM-software/abi-aa (github.com)
= ARM64
= ABI for the Arm 64-bit Architecture


https://developer.arm.com/documentation/ihi0042/latest?_ga=2.215629013.39337456.1594418816-1019531699.1594418816
https://github.com/ARM-software/abi-aa
https://github.com/ARM-software/abi-aa/blob/main/aapcs32/aapcs32.rst
https://github.com/ARM-software/abi-aa/blob/main/aapcs64/aapcs64.rst
https://github.com/ARM-software/abi-aa/releases

BRNE

= Procedure Call Standard for the Arm 64-bit Architecture
= pdf
= https://github.com/ARM-software/abi-
aalreleases/download/2021Q1/aapcs64.pdf
= html
= https://github.com/ARM-software/abi-
aa/blob/2bcab1e3b22d55170c563¢c3¢c7940134089176746/aa
pcs64/aapcs64.rst
= arm.com
» MEEFREXRERAO
= Develop Software — Arm Developer
o BMPERATE R
= System Architectures | Application Binary Interface (ABI) — Arm Developer
» Procedure Call Standard for the Arm 64-bit Architecture
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e LR = Link Register = {%i%Z7F#s = Subroutine Link Register = FiEFEETF:H
o EA=Ai&: AT REEAAfunction calls
 HARAEKERR, IERIFESMIE (BT ELIRE )
o ARM32
» AR
m Register r14 is used as the subroutine Link Register (LR).
m Register r14 receives the return address when a Branch with Link (BL or BLX)
instruction is executed.
= You can treat r14 as a general-purpose register at all other times. The corresponding
banked registers r14_svc, r14_irq, r14_fiq, r14_abt, and r14_und are similarly used to
hold the return values when interrupts and exceptions arise, or when BL or BLX
instructions are executed within interrupt or exception routines.
» EARMCRIESREFIRITEY, R14FILRER
» ARMBEMRIEEZEBEETRMNR14 FFH-LR
= R14
» UserAFPER M SystemRSEX LA —PLR
= R14_fiq
= R14 irq
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= R14_abt
= R14_und
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o XNEF{FEE
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= 3 BLLR

s ERI14ERB L%
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o HEAFE (Interrupt and Exception)
» BEIRE
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o 15TKFIRZFE8E = Special-purpose registers

o BIFE
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NZCV N, Z, C, V
DAIF D, A, I, F
CurrentEL EL
SPSel sp
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UAO UAO
DIT DIT
SSBS SSBS
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NZCV

e NZCV
m N = Negative Condition flag= f&{itni
m 7z = Zero Condition flag= 0
= C = carry Condition flag=3#Itx&
= Vv = overflow Condition flag=}&Hnis
o ARM32
» 2 cPsR REFFHRAREF T nzev E
313029 28 27 26 2524 23 22 21 20 19 16 15 109 8 7 6 5 4
N[z|c|v|a| reso GE[3:0] RESO E|Al1|F M[4:0]
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Condition flags DIT, from Armv8.4 Mask bits
- SSBS PAN, from Armv8.1
o ARM64

» BERTRHNEE

» ER/R PSTATE FIVE—FnE, EEdl ##fz , AJIABE R PSTATE.C

 IZERAIE N, RFIAREVIESR

= MSR
MSR NzCV, Xt
= MRS

MRS Xt , NzCVv
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C5.2.9 NZCV, Condition Flags
The NZCV characteristics are:

Purpose

Allows access to the condition flags

Configurations

There are no configuration notes.

Attributes
NZCV is a 64-bit register.

Field descriptions

(s sar
| RESO I

131130202827 o
E|N z‘c v RESO |

Bits [63:32]
Reserved, RESO.

N, bit [31]
Negative condition flag. Set to 1 if the result of the last flag-setting instruction was negative.
Z, bit [30]
Zero condition flag. Set to 1 if the result of the last flag-setting instruction was zero, and to 0
otherwise. A result of zero often indicates an equal result from a comparison.
C, bit [29]
Carry condition flag. Set to 1 if the last flag-setting instruction resulted in a carry condition, for
example an unsigned overflow on an addition
V, bit [28]
Overflow condition flag. Set to 1 if the last flag-setting instruction resulted inan overflow condition,
for example a signed overflow on an addition.
Bits [27:0]

Reserved, RESO.

Accessing NZCV

Accesses to this register use the following encodings in the System register encoding space:

MRS <Xt>, NZCV

op0 op1 CRn CRm op2

Obll  0b011 ~ 0b0100  ObOO10  ObOOO

if PSTATE.EL == ELO then
return Zeros(32):PSTATE.<N,Z,C,V>:Zeros(28);

C5-440 Copyright © 2013-2021 Arm Limited or its affiliates. All rights reserved. ARM DDI 0487G.b
Non-Confidential 1D072021
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C, bit [29]

V, bit [28]

Bits [27:0]

e BA REB  TE #E eI

LU0 CUBUILIVIL £, DN WU 1 5 G VO U GG 000 HIGE IV AL B0 UCIUEL WD LA, iR W U

otherwise. A result of zero often indicates an equal result from a comparison

Carry condition flag. Set to 1 if the last flag-setting instruction resulted in a carry condition, for
example an unsigned overflow on an addition

Overflow condition flag. Set to 1 if the last flag-setting instruction resulted inan overflow condition,
for example a signed overflow on an addition.

Reserved, RESO.

Accessing NZCV

Accesses to this register use the following encodings in the System register encoding space:

MRS <Xt>, NZCV

op0 op1 CRn CRm op2

Obll  0bO11  0b0100  0bOO1O  0bOOO

if PSTATE.EL == ELO then
return Zeros(32):PSTATE.<N,Z,C,V>:Zeros(28);

C5-440

Copyright © 2013-2021 Arm Limited or its affiliates. All rights reserved. ARM DDI 0487G.b

Non-Confidential ID072021

The A64 System Instruction Class
C5.2 Special-purpose registers

elsif PSTATE.EL == EL1 then

return Zeros(32):PSTATE.<N,Z,C,V>:Zeros(28);
elsif PSTATE.EL == EL2 then

return Zeros(32):PSTATE.<N,Z,C,V>:Zeros(28);
elsif PSTATE.EL == EL3 then

return Zeros(32):PSTATE.<N,Z,C,V>:Zeros(28);

MSR NZCV, <Xt>

op0 op1 CRn CRm op2

0b11  0bO11 ~ 0b0100  0bOO10  0bOOO

if PSTATE.EL == ELO then
PSTATE.<N,Z,C,V> = X[t]<31:28>;
elsif PSTATE.EL == EL1 then
PSTATE.<N,Z,C,V> = X[t]<31:28>;
elsif PSTATE.EL == EL2 then
PSTATE.<N,Z,C,V> = X[t]<31:28>;
elsif PSTATE.EL == EL3 then
PSTATE.<N,Z,C,V> = X[t]<31:28>;
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APPENDIX A

The ARM
Instruction Set

APPENDIX A

The ARM
Instruction Set

This appendix lists the ARM 64-bit instruction in two sections: first, the
core instruction set, then the NEON and FPU instructions. There is a brief
description of each instruction:

{S} after an instruction indicates you can optionally set the
condition flags.

+ means the instruction is an alias.

ARM 64-Bit Core Instructions

Instruction Description
ADG{S} Add with carry
ADD{S} Add
ADDG Add with tag
ADR Form PC relative address
ADRP Form PC relative address to 4KB page
AND{S} Bitwise AND
(continued)
© Stephen Smith 2020 367

S. Smith, Pregramming with 64-Bit ARM Assembly Language,
https://doi.org/10.1007/978-1-4842-5881-1
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HIFE LTI
A64 -- Base Instructions (alphabetic order)

Absolute value.
Add with carry.
Add with carry, setting flags.
ADD (extended register): Add (extended register).
ADD (immediate): Add (immediate).
ADD (shifted register): Add (shifted register).
Add with tag.
Add checked pointer.
ADDS (extended register): Add (extended register), setting flags.
ADDS (immediate): Add (immediate), setting flags.
ADDS (shifted register): Add (shifted register), setting flags.
Form PC relative address.
Form PC relative address to 4KB page.
AND (immediate): Bitwise AND (immediate).
AND (shifted register): Bitwise AND (shifted register).
ANDS (immediate): Bitwise AND (immediate), setting flags.
ANDS (shifted register): Bitwise AND (shifted register), setting flags.
ASR (immediate): Arithmetic shift right (immediate): an alias of SBFM,
ASR (register): Arithmetic shift right (register): an alias of ASRV.
Arithmetic shift right variable.
Address translate: an alias of SYS.
AUTDA, AUTDZA: Authenticate data address, using key A.
AUTDB, AUTDZB: Authenticate data address, using key B.
AUTIA, AUTIA1716, AUTIASP, AUTIAZ, AUTIZA: Authenticate instruction address, using key
A.
Authenticate instruction address, using key A.
Authenticate return address using key A, using an immediate offset.
Authenticate return address using key A, using a register.
AUTIB, AUTIB1716, AUTIBSP, AUTIBZ, AUTIZB: Authenticate instruction address, using key

Authenticate instruction address, using key B.
Authenticate return address using key B, using an immediate offset.
Authenticate return address using key B, using a register.
Convert floating point condition flags from Arm to
Branch,
Branch conditionally.
Branch consistent conditionally.
Bitfield clear: an alias of BFM.
Bitfield insert: an alias of BFM.
Bitfield move.
Bitfield extract and insert at low end: an alias of BFM.
BIC (shifted register): Bitwise bit clear (shifted register).


https://developer.arm.com/documentation/ddi0602/2024-06/

BICS (shifted register): Bitwise bit clear (shifted register), setting flags.
Branch with link.
Branch with link to register.
BLRAA, BLRAAZ, BLRAB, BLRABZ: Branch with link to register, with pointer authentication

Branch to register,
BRAA, BRAAZ, BRAB, BRABZ: Branch to register, with pointer authentication.
Branch record buffer: an alias of SYS,
Breakpoint instruction.
Branch target identification.
CAS, CASA, CASAL, CASL: Compare and swap word or doubleword in memory.
CASB, CASAB, CASALB, CASLB: Compare and swap byte in memory.
CASH, CASAH, CASALH, CASLH: Compare and swap halfword in memory.
CASP, CASPA, CASPAL, CASPL: Compare and swap pair of words or doublewords in memory.
Compare and branch on nonzero.
Compare and branch on zero.
CCMN (immediate): Conditional compare negative (immediate).
CCMN (register): Conditional compare negative (register).
CCMP (immediate): Conditional compare (immediate).
CCMP (register): Conditional compare (register).
Invert carry flag.
Control flow prediction restriction by context: an alias of SYS.
Check feature status.
Conditional increment: an alias of CSINC.
Conditional invert: an alias of CSINV.
Clear branch history.
Clear exclusive,
Count leading sign bits.
Count leading zeros.
CMN (extended register): Compare negative (extended register): an alias of ADDS (extend
ed register).
CMN (immediate): Compare negative (immediate): an alias of ADDS (immediate).
CMN (shifted register): Compare negative (shifted register): an alias of ADDS (shifted
register).
CMP (extended register): Compare (extended register): an alias of SUBS (extended regist
er).
CMP (immediate): Compare (immediate): an alias of SUBS (immediate).
CMP (shifted register): Compare (shifted register): an alias of SUBS (shifted register)

Compare with tag: an alias of SUBPS.

Conditional negate: an alias of CSNEG.

Count bits.

Clear other speculative prediction restriction by context: an alias of SYS.

Cache prefetch prediction restriction by context: an alias of SYS.
CPYFP, CPYFM, CPYFE: Memory copy forward only.
CPYFPN, CPYFMN, CPYFEN: Memory copy forward only, reads and writes non temporal.
CPYFPRN, CPYFMRN, CPYFERN: Memory copy forward only, reads non temporal.
CPYFPRT, CPYFMRT, CPYFERT: Memory copy forward only, reads unprivileged.
CPYFPRTN, CPYFMRTN, CPYFERTN: Memory copy forward only, reads unprivileged, reads and w
rites non temporal.
CPYFPRTRN, CPYFMRTRN, CPYFERTRN: Memory copy forward only, reads unprivileged and non t
emporal,
CPYFPRTWN, CPYFMRTWN, CPYFERTWN: Memory copy forward only, reads unprivileged, writes n
on temporal.
CPYFPT, CPYFMT, CPYFET: Memory copy forward only, reads and writes unprivileged.
CPYFPTN, CPYFMTN, CPYFETN: Memory copy forward only, reads and writes unprivileged and



non temporal,
CPYFPTRN, CPYFMTRN, CPYFETRN: Memory copy forward only, reads and writes unprivileged,
reads non temporal,
CPYFPTWN, CPYFMTWN, CPYFETWN: Memory copy forward only, reads and writes unprivileged,
writes non temporal.
CPYFPWN, CPYFMWN, CPYFEWN: Memory copy forward only, writes non temporal.
CPYFPWT, CPYFMWT, CPYFEWT: Memory copy forward only, writes unprivileged.
CPYFPWTN, CPYFMWTN, CPYFEWTN: Memory copy forward only, writes unprivileged, reads and
writes non temporal.
CPYFPWTRN, CPYFMWTRN, CPYFEWTRN: Memory copy forward only, writes unprivileged, reads n
on temporal.
CPYFPWTWN, CPYFMWTWN, CPYFEWTWN: Memory copy forward only, writes unprivileged and non
temporal.
CPYP, CPYM, CPYE: Memory copy.
CPYPN, CPYMN, CPYEN: Memory copy, reads and writes non temporal.
CPYPRN, CPYMRN, CPYERN: Memory copy, reads non temporal,
CPYPRT, CPYMRT, CPYERT: Memory copy, reads unprivileged.
CPYPRTN, CPYMRTN, CPYERTN: Memory copy, reads unprivileged, reads and writes non tempor
al,
CPYPRTRN, CPYMRTRN, CPYERTRN: Memory copy, reads unprivileged and non temporal.
CPYPRTWN, CPYMRTWN, CPYERTWN: Memory copy, reads unprivileged, writes non temporal.
CPYPT, CPYMT, CPYET: Memory copy, reads and writes unprivileged.
CPYPTN, CPYMTN, CPYETN: Memory copy, reads and writes unprivileged and non temporal.
CPYPTRN, CPYMTRN, CPYETRN: Memory copy, reads and writes unprivileged, reads non tempor
al,
CPYPTWN, CPYMTWN, CPYETWN: Memory copy, reads and writes unprivileged, writes non tempo
ral.
CPYPWN, CPYMWN, CPYEWN: Memory copy, writes non temporal.
CPYPWT, CPYMWT, CPYEWT: Memory copy, writes unprivileged.
CPYPWTN, CPYMWTN, CPYEWTN: Memory copy, writes unprivileged, reads and writes non tempo
ral.
CPYPWTRN, CPYMWTRN, CPYEWTRN: Memory copy, writes unprivileged, reads non temporal.
CPYPWTWN, CPYMWTWN, CPYEWTWN: Memory copy, writes unprivileged and non temporal.
CRC32B, CRC32H, CRC32W, CRC32X: CRC32 checksum,
CRC32CB, CRC32CH, CRC32CW, CRC32CX: CRC32C checksum.
Consumption of speculative data barrier.
Conditional select.
Conditional set: an alias of CSINC.
Conditional set mask: an alias of CSINV.
Conditional select increment.
Conditional select invert.
Conditional select negation.
Count trailing zeros.
Data cache operation: an alias of SYS.
Debug change PE state to EL1.
Debug change PE state to EL2.
Debug change PE state to EL3.
Data gathering hint.
Data memory barrier.
Debug restore PE state.
Data synchronization barrier,
Data value prediction restriction by context: an alias of SYS.
EON (shifted register): Bitwise exclusive OR NOT (shifted register).
EOR (immediate): Bitwise exclusive OR (immediate).
EOR (shifted register): Bitwise exclusive OR (shifted register).
Exception return.



ERETAA, ERETAB: Exception return, with pointer authentication.
Error synchronization barrier.
Extract register.
Guarded Control Stack barrier.
Guarded Control Stack pop and compare exception return record: an alias of SY

Guarded Control Stack pop: an alias of SYSL.
Guarded Control Stack pop exception return record: an alias of SYS,
Guarded Control Stack push: an alias of SYS.
Guarded Control Stack push exception return record: an alias of SYS.
Guarded Control Stack switch stack an alias of SYS.
Guarded Control Stack switch stack an alias of SYSL.
Guarded Control Stack store.
Guarded Control Stack unprivileged store.
Tag mask insert,
Hint instruction.
Halt instruction.
Hypervisor call.
Instruction cache operation: an alias of SYS.
Insert random tag.
Instruction synchronization barrier.
Single copy atomic byte Load.
LDADD, LDADDA, LDADDAL, LDADDL: Atomic add on word or doubleword in memory.
LDADDB, LDADDAB, LDADDALB, LDADDLB: Atomic add on byte in memory.
LDADDH, LDADDAH, LDADDALH, LDADDLH: Atomic add on halfword in memory.
Load acquire RCpc register.
Load acquire RCpc register byte.
Load acquire RCpc register halfword.
Load acquire RCpc register (unscaled).
Load acquire RCpc register byte (unscaled).
Load acquire RCpc register halfword (unscaled).
Load acquire RCpc register signed byte (unscaled).
Load acquire RCpc register signed halfword (unscaled).
Load acquire RCpc register signed word (unscaled).
Load acquire register.
Load acquire register byte.
Load acquire register halfword.
Load acquire exclusive pair of registers.
Load acquire exclusive register.
Load acquire exclusive register byte.
Load acquire exclusive register halfword.
LDCLR, LDCLRA, LDCLRAL, LDCLRL: Atomic bit clear on word or doubleword in memory.
LDCLRB, LDCLRAB, LDCLRALB, LDCLRLB: Atomic bit clear on byte in memory.
LDCLRH, LDCLRAH, LDCLRALH, LDCLRLH: Atomic bit clear on halfword in memory.
LDCLRP, LDCLRPA, LDCLRPAL, LDCLRPL: Atomic bit clear on quadword in memory.
LDEOR, LDEORA, LDEORAL, LDEORL: Atomic exclusive OR on word or doubleword in memory.
LDEORB, LDEORAB, LDEORALB, LDEORLB: Atomic exclusive OR on byte in memory.
LDEORH, LDEORAH, LDEORALH, LDEORLH: Atomic exclusive OR on halfword in memory.
Load Allocation Tag.
Load tag multiple.
Load Acquire RCpc ordered pair of registers.
Load LOAcquire register.
Load LOAcquire register byte.
Load LOAcquire register halfword.
Load pair of registers, with non temporal hint.
Load pair of registers.



Load pair of registers signed word.
LDR (immediate): Load register (immediate).
LDR (literal): Load register (literal).
LDR (register): Load register (register).
LDRAA, LDRAB: Load register, with pointer authentication.
LDRB (immediate): Load register byte (immediate).
LDRB (register): Load register byte (register).
LDRH (immediate): Load register halfword (immediate).
LDRH (register): Load register halfword (register).
LDRSB (immediate): Load register signed byte (immediate).
LDRSB (register): Load register signed byte (register).
LDRSH (immediate): Load register signed halfword (immediate).
LDRSH (register): Load register signed halfword (register).
LDRSW (immediate): Load register signed word (immediate).
LDRSW (literal): Load register signed word (literal).
LDRSW (register): Load register signed word (register).
LDSET, LDSETA, LDSETAL, LDSETL: Atomic bit set on word or doubleword in memory.
LDSETB, LDSETAB, LDSETALB, LDSETLB: Atomic bit set on byte in memory.
LDSETH, LDSETAH, LDSETALH, LDSETLH: Atomic bit set on halfword in memory.
LDSETP, LDSETPA, LDSETPAL, LDSETPL: Atomic bit set on quadword in memory.
LDSMAX, LDSMAXA, LDSMAXAL, LDSMAXL: Atomic signed maximum on word or doubleword in memo
ry.
LDSMAXB, LDSMAXAB, LDSMAXALB, LDSMAXLB: Atomic signed maximum on byte in memory.
LDSMAXH, LDSMAXAH, LDSMAXALH, LDSMAXLH: Atomic signed maximum on halfword in memory.
LDSMIN, LDSMINA, LDSMINAL, LDSMINL: Atomic signed minimum on word or doubleword in memo
ry.
LDSMINB, LDSMINAB, LDSMINALB, LDSMINLB: Atomic signed minimum on byte in memory.
LDSMINH, LDSMINAH, LDSMINALH, LDSMINLH: Atomic signed minimum on halfword in memory.
Load register (unprivileged).
Load register byte (unprivileged).
Load register halfword (unprivileged).
Load register signed byte (unprivileged).
Load register signed halfword (unprivileged).
Load register signed word (unprivileged).
LDUMAX, LDUMAXA, LDUMAXAL, LDUMAXL: Atomic unsigned maximum on word or doubleword in me
mory.
LDUMAXB, LDUMAXAB, LDUMAXALB, LDUMAXLB: Atomic unsigned maximum on byte in memory.
LDUMAXH, LDUMAXAH, LDUMAXALH, LDUMAXLH: Atomic unsigned maximum on halfword in memory.
LDUMIN, LDUMINA, LDUMINAL, LDUMINL: Atomic unsigned minimum on word or doubleword in me
mory.
LDUMINB, LDUMINAB, LDUMINALB, LDUMINLB: Atomic unsigned minimum on byte in memory.
LDUMINH, LDUMINAH, LDUMINALH, LDUMINLH: Atomic unsigned minimum on halfword in memory.
Load register (unscaled).
Load register byte (unscaled).
Load register halfword (unscaled).
Load register signed byte (unscaled).
Load register signed halfword (unscaled).
Load register signed word (unscaled).
Load exclusive pair of registers.,
Load exclusive register.
Load exclusive register byte.
Load exclusive register halfword.
LSL (immediate): Logical shift left (immediate): an alias of UBFM.
LSL (register): Logical shift left (register): an alias of LSLV.
Logical shift left variable.
LSR (immediate): Logical shift right (immediate): an alias of UBFM.



LSR (register): Logical shift right (register): an alias of LSRV.
Logical shift right variable.
Multiply add.
Multiply add checked pointer,
Multiply negate: an alias of MSUB.
MOV (bitmask immediate): Move (bitmask immediate): an alias of ORR (immediate).
MOV (inverted wide immediate): Move (inverted wide immediate): an alias of MOVN.
MOV (register): Move (register): an alias of ORR (shifted register).
MOV (to from - ): Move (to from " ~): an alias of ADD (immediate).
MOV (wide immediate): Move (wide immediate): an alias of MOVZ.
Move wide with keep.
Move wide with NOT.
Move wide with zero.
Move System register to two adjacent general purpose registers.
Move System register to general purpose register.
MSR (immediate): Move immediate value to special register.
MSR (register): Move general purpose register to System register.
Move two adjacent general purpose registers to System register.
Multiply subtract.
Multiply subtract checked pointer.
an alias of MADD.
Bitwise NOT: an alias of ORN (shifted register).
NEG (shifted register): Negate (shifted register): an alias of SUB (shifted register).
Negate, setting flags: an alias of SUBS (shifted register).
Negate with carry: an alias of SBC.
Negate with carry, setting flags: an alias of SBCS.
No operation.
ORN (shifted register): Bitwise OR NOT (shifted register).
ORR (immediate): Bitwise OR (immediate).
ORR (shifted register): Bitwise OR (shifted register).
PACDA, PACDZA: Pointer Authentication Code for data address, using key A.
PACDB, PACDZB: Pointer Authentication Code for data address, using key B.
Pointer Authentication Code, using generic key.
PACIA, PACIA1716, PACIASP, PACIAZ, PACIZA: Pointer Authentication Code for instruction
address, using key A.
Pointer Authentication Code for instruction address, using key A.
Pointer Authentication Code for return address, using key A.
PACIB, PACIB1716, PACIBSP, PACIBZ, PACIZB: Pointer Authentication Code for instruction
address, using key B.
Pointer Authentication Code for instruction address, using key B.
Pointer Authentication Code for return address, using key B.
Pointer authentication modifier.
Pointer Authentication Code for return address, using key A, not a branch
target.
Pointer Authentication Code for return address, using key B, not a branch
target.
PRFM (immediate): Prefetch memory (immediate).
PRFM (literal): Prefetch memory (literal).
PRFM (register): Prefetch memory (register).
Prefetch memory (unscaled offset).
Profiling synchronization barrier.
Physical speculative store bypass barrier: an alias of DSB.
Reverse bits.,
RCWCAS, RCWCASA, RCWCASL, RCWCASAL: Read check write compare and swap doubleword in mem
ory.
RCWCASP, RCWCASPA, RCWCASPL, RCWCASPAL: Read check write compare and swap quadword in m



emory.,
RCWCLR, RCWCLRA, RCWCLRL, RCWCLRAL: Read check write atomic bit clear on doubleword in
memory.
RCWCLRP, RCWCLRPA, RCWCLRPL, RCWCLRPAL: Read check write atomic bit clear on quadword i
n memory.
RCWSCAS, RCWSCASA, RCWSCASL, RCWSCASAL: Read check write software compare and swap doub
leword in memory.
RCWSCASP, RCWSCASPA, RCWSCASPL, RCWSCASPAL: Read check write software compare and swap
quadword in memory.
RCWSCLR, RCWSCLRA, RCWSCLRL, RCWSCLRAL: Read check write software atomic bit clear on d
oubleword in memory.
RCWSCLRP, RCWSCLRPA, RCWSCLRPL, RCWSCLRPAL: Read check write software atomic bit clear
on quadword in memory.
RCWSET, RCWSETA, RCWSETL, RCWSETAL: Read check write atomic bit set on doubleword in me
mory.
RCWSETP, RCWSETPA, RCWSETPL, RCWSETPAL: Read check write atomic bit set on quadword in
memory.
RCWSSET, RCWSSETA, RCWSSETL, RCWSSETAL: Read check write software atomic bit set on dou
bleword in memory.
RCWSSETP, RCWSSETPA, RCWSSETPL, RCWSSETPAL: Read check write software atomic bit set on
guadword in memory.
RCWSSWP, RCWSSWPA, RCWSSWPL, RCWSSWPAL: Read check write software swap doubleword in me
mory.
RCWSSWPP, RCWSSWPPA, RCWSSWPPL, RCWSSWPPAL: Read check write software swap quadword in
memory.
RCWSWP, RCWSWPA, RCWSWPL, RCWSWPAL: Read check write swap doubleword in memory.
RCWSWPP, RCWSWPPA, RCWSWPPL, RCWSWPPAL: Read check write swap quadword in memory.
Return from subroutine.
RETAA, RETAB: Return from subroutine, with pointer authentication.
RETAASPPC, RETABSPPC: Return from subroutine, with enhanced pointer authentication retu
rn using an immediate offset.
RETAASPPCR, RETABSPPCR: Return from subroutine, with enhanced pointer authentication re
turn using a register.
Reverse bytes.
Reverse bytes in bit halfwords.
Reverse bytes in bit words.
Reverse bytes: an alias of REV.
Rotate, mask insert flags.
ROR (immediate): Rotate right (immediate): an alias of EXTR.
ROR (register): Rotate right (register): an alias of RORV.
Rotate right variable.
Range prefetch memory.
Speculation barrier.
Subtract with carry.
Subtract with carry, setting flags.
Signed bitfield insert in zeros: an alias of SBFM.
Signed bitfield move.
Signed bitfield extract: an alias of SBFM.
Signed divide.
SETF8, SETF16: Evaluation of & bit or bit flag values.
SETGP, SETGM, SETGE: Memory set with tag setting.
SETGPN, SETGMN, SETGEN: Memory set with tag setting, non temporal.
SETGPT, SETGMT, SETGET: Memory set with tag setting, unprivileged.
SETGPTN, SETGMTN, SETGETN: Memory set with tag setting, unprivileged and non temporal.
SETP, SETM, SETE: Memory set.
SETPN, SETMN, SETEN: Memory set, non temporal.



SETPT, SETMT, SETET: Memory set, unprivileged.
SETPTN, SETMTN, SETETN: Memory set, unprivileged and non temporal.
Send event.
Send event local.
Signed multiply add long.
SMAX (immediate): Signed maximum (immediate).
SMAX (register): Signed maximum (register).
Secure monitor call.
SMIN (immediate): Signed minimum (immediate).
SMIN (register): Signed minimum (register).
Signed multiply negate long: an alias of SMSUBL.
Enables access to Streaming SVE mode and SME architectural state: an alias of
MSR (immediate).
Disables access to Streaming SVE mode and SME architectural state: an alias of
MSR (immediate).
Signed multiply subtract long.
Signed multiply high.
Signed multiply long: an alias of SMADDL.
Speculative store bypass barrier: an alias of DSB.
Store Allocation Tags.
Single copy atomic byte store without status result.
Single copy atomic byte store with status result.
Single copy atomic byte ELO® store with status result.
STADD, STADDL: Atomic add on word or doubleword in memory, without return: an alias of
LDADD, LDADDA, LDADDAL, LDADDL.
STADDB, STADDLB: Atomic add on byte in memory, without return: an alias of LDADDB, LDAD
DAB, LDADDALB, LDADDLB.
STADDH, STADDLH: Atomic add on halfword in memory, without return: an alias of LDADDH,
LDADDAH, LDADDALH, LDADDLH.
STCLR, STCLRL: Atomic bit clear on word or doubleword in memory, without return: an ali
as of LDCLR, LDCLRA, LDCLRAL, LDCLRL.
STCLRB, STCLRLB: Atomic bit clear on byte in memory, without return: an alias of LDCLRB
, LDCLRAB, LDCLRALB, LDCLRLB.
STCLRH, STCLRLH: Atomic bit clear on halfword in memory, without return: an alias of LD
CLRH, LDCLRAH, LDCLRALH, LDCLRLH.
STEOR, STEORL: Atomic exclusive OR on word or doubleword in memory, without return: an
alias of LDEOR, LDEORA, LDEORAL, LDEORL.
STEORB, STEORLB: Atomic exclusive OR on byte in memory, without return: an alias of LDE
ORB, LDEORAB, LDEORALB, LDEORLB.
STEORH, STEORLH: Atomic exclusive OR on halfword in memory, without return: an alias of
LDEORH, LDEORAH, LDEORALH, LDEORLH.
Store Allocation Tag.
Store Allocation Tag multiple.
Store Allocation Tag and pair of registers.
Store release ordered pair of registers.
Store LORelease register.
Store LORelease register byte.
Store LORelease register halfword.
Store release register.
Store release register byte.
Store release register halfword.
Store release register (unscaled).
Store release register byte (unscaled).
Store release register halfword (unscaled).
Store release exclusive pair of registers.
Store release exclusive register.



Store release exclusive register byte.
Store release exclusive register halfword.
Store pair of registers, with non temporal hint.
Store pair of registers.
STR (immediate): Store register (immediate).
STR (register): Store register (register).
STRB (immediate): Store register byte (immediate).
STRB (register): Store register byte (register).
STRH (immediate): Store register halfword (immediate).
STRH (register): Store register halfword (register).
STSET, STSETL: Atomic bit set on word or doubleword in memory, without return: an alias
of LDSET, LDSETA, LDSETAL, LDSETL.
STSETB, STSETLB: Atomic bit set on byte in memory, without return: an alias of LDSETB,
LDSETAB, LDSETALB, LDSETLB.
STSETH, STSETLH: Atomic bit set on halfword in memory, without return: an alias of LDSE
TH, LDSETAH, LDSETALH, LDSETLH.
STSMAX, STSMAXL: Atomic signed maximum on word or doubleword in memory, without return:
an alias of LDSMAX, LDSMAXA, LDSMAXAL, LDSMAXL.
STSMAXB, STSMAXLB: Atomic signed maximum on byte in memory, without return: an alias of
LDSMAXB, LDSMAXAB, LDSMAXALB, LDSMAXLB.
STSMAXH, STSMAXLH: Atomic signed maximum on halfword in memory, without return: an alia
s of LDSMAXH, LDSMAXAH, LDSMAXALH, LDSMAXLH.
STSMIN, STSMINL: Atomic signed minimum on word or doubleword in memory, without return:
an alias of LDSMIN, LDSMINA, LDSMINAL, LDSMINL.
STSMINB, STSMINLB: Atomic signed minimum on byte in memory, without return: an alias of
LDSMINB, LDSMINAB, LDSMINALB, LDSMINLB.
STSMINH, STSMINLH: Atomic signed minimum on halfword in memory, without return: an alia
s of LDSMINH, LDSMINAH, LDSMINALH, LDSMINLH.
Store register (unprivileged).
Store register byte (unprivileged).
Store register halfword (unprivileged).
STUMAX, STUMAXL: Atomic unsigned maximum on word or doubleword in memory, without retur
n: an alias of LDUMAX, LDUMAXA, LDUMAXAL, LDUMAXL.
STUMAXB, STUMAXLB: Atomic unsigned maximum on byte in memory, without return: an alias
of LDUMAXB, LDUMAXAB, LDUMAXALB, LDUMAXLB.
STUMAXH, STUMAXLH: Atomic unsigned maximum on halfword in memory, without return: an al
ias of LDUMAXH, LDUMAXAH, LDUMAXALH, LDUMAXLH.
STUMIN, STUMINL: Atomic unsigned minimum on word or doubleword in memory, without retur
n: an alias of LDUMIN, LDUMINA, LDUMINAL, LDUMINL.
STUMINB, STUMINLB: Atomic unsigned minimum on byte in memory, without return: an alias
of LDUMINB, LDUMINAB, LDUMINALB, LDUMINLB.
STUMINH, STUMINLH: Atomic unsigned minimum on halfword in memory, without return: an al
ias of LDUMINH, LDUMINAH, LDUMINALH, LDUMINLH.
Store register (unscaled).
Store register byte (unscaled).
Store register halfword (unscaled).
Store exclusive pair of registers.
Store exclusive register.
Store exclusive register byte.
Store exclusive register halfword.
Store Allocation Tags, zeroing.
Store Allocation Tag, zeroing.
Store Allocation Tag and zero multiple.
SUB (extended register): Subtract (extended register).
SUB (immediate): Subtract (immediate).
SUB (shifted register): Subtract (shifted register).



Subtract with tag.
Subtract pointer.
Subtract pointer, setting flags.
Subtract checked pointer.
SUBS (extended register): Subtract (extended register), setting flags.
SUBS (immediate): Subtract (immediate), setting flags.
SUBS (shifted register): Subtract (shifted register), setting flags.
Supervisor call,
SWP, SWPA, SWPAL, SWPL: Swap word or doubleword in memory.
SWPB, SWPAB, SWPALB, SWPLB: Swap byte in memory.
SWPH, SWPAH, SWPALH, SWPLH: Swap halfword in memory.
SWPP, SWPPA, SWPPAL, SWPPL: Swap quadword in memory.
Signed extend byte: an alias of SBFM.
Sign extend halfword: an alias of SBFM,
Sign extend word: an alias of SBFM.
System instruction.
System instruction with result.
bit system instruction.
Test bit and branch if nonzero.
Test bit and branch if zero.
Cancel current transaction.
Commit current transaction.
TLB invalidate operation: an alias of SYS.
TLB invalidate pair operation: an alias of SYSP.
Trace instrumentation: an alias of SYS.
Trace synchronization barrier.
TST (immediate): Test bits (immediate): an alias of ANDS (immediate).
TST (shifted register): Test (shifted register): an alias of ANDS (shifted register).
Start transaction.
Test transaction state.
Unsigned bitfield insert in zeros: an alias of UBFM.
Unsigned bitfield move.
Unsigned bitfield extract: an alias of UBFM,
Permanently undefined.
Unsigned divide.
Unsigned multiply add long.
UMAX (immediate): Unsigned maximum (immediate).
UMAX (register): Unsigned maximum (register).
UMIN (immediate): Unsigned minimum (immediate).
UMIN (register): Unsigned minimum (register).
Unsigned multiply negate long: an alias of UMSUBL.
Unsigned multiply subtract long.
Unsigned multiply high.
Unsigned multiply long: an alias of UMADDL.
Unsigned extend byte: an alias of UBFM,
Unsigned extend halfword: an alias of UBFM.
Wait for event.
Wait for event with timeout.
Wait for interrupt.
Wait for interrupt with timeout.
Convert floating point condition flags from
XPACD, XPACI, XPACLRI: Strip Pointer Authentication Code.
Yield.



A64 -- SIMD and Floating-point Instructions (alphabetic order)

Absolute value (vector).
ADD (vector): Add (vector).
ADDHN, ADDHN2: Add returning high narrow.
ADDP (scalar): Add pair of elements (scalar).
ADDP (vector): Add pairwise (vector).
Add across vector.
AES single round decryption.
AES single round encryption.
AES inverse mix columns,
AES mix columns.
AND (vector): Bitwise AND (vector).
Bit clear and exclusive OR.
BF1CVTL, BF1CVTL2, BF2CVTL, BF2CVTL2: bit floating point convert to BFloatl16 (vector)
Floating point convert from single precision to BFloatl6 format (scalar).
BFCVTN, BFCVTN2: Floating point convert from single precision to BFloatl6 format (vecto
r).
BFDOT (by element): BFloati16 floating point dot product (vector, by element).
BFDOT (vector): BFloatl6 floating point dot product (vector).
BFMLALB, BFMLALT (by element): BFloatl6 floating point widening multiply add long (by e
lement).
BFMLALB, BFMLALT (vector): BFloati16 floating point widening multiply add long (vector).
BFloatl16 floating point matrix multiply accumulate into 2x2 matrix.
BIC (vector, immediate): Bitwise bit clear (vector, immediate).
BIC (vector, register): Bitwise bit clear (vector, register).
Bitwise insert if false.
Bitwise insert if true.
Bitwise select.
CLS (vector): Count leading sign bits (vector).
CLZ (vector): Count leading zero bits (vector).
CMEQ (register): Compare bitwise equal (vector).
CMEQ (zero): Compare bitwise equal to zero (vector).
CMGE (register): Compare signed greater than or equal (vector).
CMGE (zero): Compare signed greater than or equal to zero (vector).
CMGT (register): Compare signed greater than (vector).
CMGT (zero): Compare signed greater than zero (vector).
CMHI (register): Compare unsigned higher (vector).
CMHS (register): Compare unsigned higher or same (vector).
CMLE (zero): Compare signed less than or equal to zero (vector).
CMLT (zero): Compare signed less than zero (vector).
Compare bitwise test bits nonzero (vector).
Population count per byte.
DUP (element): Duplicate vector element to vector or scalar.
DUP (general): Duplicate general purpose register to vector.
EOR (vector): Bitwise exclusive OR (vector).
Three way exclusive OR.
Extract vector from pair of vectors.
F1CVTL, FiCVTL2, F2CVTL, F2CVTLZ2: bit floating point convert to half precision (vecto
r).
Floating point absolute difference (vector).
FABS (scalar): Floating point absolute value (scalar).
FABS (vector): Floating point absolute value (vector).
Floating point absolute compare greater than or equal (vector).



Floating point absolute compare greater than (vector).
FADD (scalar): Floating point add (scalar).
FADD (vector): Floating point add (vector).
FADDP (scalar): Floating point add pair of elements (scalar).
FADDP (vector): Floating point add pairwise (vector).

Floating point absolute maximum.

Floating point absolute minimum.

Floating point complex add.

Floating point conditional quiet compare (scalar).

Floating point conditional signaling compare (scalar).

FCMEQ (register): Floating point compare equal (vector).
FCMEQ (zero): Floating point compare equal to zero (vector).
FCMGE (register): Floating point compare greater than or equal (vector).
FCMGE (zero): Floating point compare greater than or equal to zero (vector).
FCMGT (register): Floating point compare greater than (vector).
FCMGT (zero): Floating point compare greater than zero (vector).

Floating point complex multiply accumulate.
FCMLA (by element): Floating point complex multiply accumulate (by element).
FCMLE (zero): Floating point compare less than or equal to zero (vector).
FCMLT (zero): Floating point compare less than zero (vector).

Floating point quiet compare (scalar).

Floating point signaling compare (scalar).

Floating point conditional select (scalar).

Floating point convert precision (scalar).
FCVTAS (scalar): Floating point convert to signed integer, rounding to nearest with tie
s to away (scalar).
FCVTAS (vector): Floating point convert to signed integer, rounding to nearest with tie
s to away (vector).
FCVTAU (scalar): Floating point convert to unsigned integer, rounding to nearest with t
ies to away (scalar).
FCVTAU (vector): Floating point convert to unsigned integer, rounding to nearest with t
ies to away (vector).
FCVTL, FCVTL2: Floating point convert to higher precision long (vector).
FCVTMS (scalar): Floating point convert to signed integer, rounding toward minus infini
ty (scalar).
FCVTMS (vector): Floating point convert to signed integer, rounding toward minus infini
ty (vector).
FCVTMU (scalar): Floating point convert to unsigned integer, rounding toward minus infi
nity (scalar).
FCVTMU (vector): Floating point convert to unsigned integer, rounding toward minus infi
nity (vector).
FCVTN (half precision to & bit floating point): Half precision to & bit floating point
convert and narrow (vector).
FCVTN, FCVTN2 (double to single precision, single to half precision): Floating point co
nvert to lower precision narrow (vector).
FCVTN, FCVTN2 (single precision to & bit floating point): Single precision to 8 bit flo
ating point convert and narrow (vector).
FCVTNS (scalar): Floating point convert to signed integer, rounding to nearest with tie
s to even (scalar).
FCVTNS (vector): Floating point convert to signed integer, rounding to nearest with tie
s to even (vector).
FCVTNU (scalar): Floating point convert to unsigned integer, rounding to nearest with t
ies to even (scalar).
FCVTNU (vector): Floating point convert to unsigned integer, rounding to nearest with t
ies to even (vector).
FCVTPS (scalar): Floating point convert to signed integer, rounding toward plus infinit



y (scalar).
FCVTPS (vector): Floating point convert to signed integer, rounding toward plus infinit
y (vector).
FCVTPU (scalar): Floating point convert to unsigned integer, rounding toward plus infin
ity (scalar).
FCVTPU (vector): Floating point convert to unsigned integer, rounding toward plus infin
ity (vector).
FCVTXN, FCVTXN2: Floating point convert to lower precision narrow, rounding to odd (vec
tor).
FCVTZS (scalar, fixed point): Floating point convert to signed fixed point, rounding to
ward zero (scalar).
FCVTZS (scalar, integer): Floating point convert to signed integer, rounding toward zer
o (scalar).
FCVTZS (vector, fixed point): Floating point convert to signed fixed point, rounding to
ward zero (vector).
FCVTZS (vector, integer): Floating point convert to signed integer, rounding toward zer
o (vector).
FCVTZU (scalar, fixed point): Floating point convert to unsigned fixed point, rounding
toward zero (scalar).
FCVTZU (scalar, integer): Floating point convert to unsigned integer, rounding toward z
ero (scalar).
FCVTZU (vector, fixed point): Floating point convert to unsigned fixed point, rounding
toward zero (vector).
FCVTZU (vector, integer): Floating point convert to unsigned integer, rounding toward z
ero (vector).
FDIV (scalar): Floating point divide (scalar).
FDIV (vector): Floating point divide (vector).
FDOT (& bit floating point to half precision, by element): bit floating point dot pro
duct to half precision (vector, by element).
FDOT (& bit floating point to half precision, vector): bit floating point dot product
to half precision (vector).
FDOT (& bit floating point to single precision, by element): bit floating point dot p
roduct to single precision (vector, by element).
FDOT (& bit floating point to single precision, vector): bit floating point dot produ
ct to single precision (vector).

Floating point Javascript convert to signed fixed point, rounding toward zero.

Floating point fused multiply add (scalar).

FMAX (scalar): Floating point maximum (scalar).
FMAX (vector): Floating point maximum (vector).
FMAXNM (scalar): Floating point maximum number (scalar).
FMAXNM (vector): Floating point maximum number (vector).
FMAXNMP (scalar): Floating point maximum number of pair of elements (scalar).
FMAXNMP (vector): Floating point maximum number pairwise (vector).

Floating point maximum number across vector.
FMAXP (scalar): Floating point maximum of pair of elements (scalar).
FMAXP (vector): Floating point maximum pairwise (vector).

Floating point maximum across vector.

FMIN (scalar): Floating point minimum (scalar).
FMIN (vector): Floating point minimum (vector).
FMINNM (scalar): Floating point minimum number (scalar).
FMINNM (vector): Floating point minimum number (vector).
FMINNMP (scalar): Floating point minimum number of pair of elements (scalar).
FMINNMP (vector): Floating point minimum number pairwise (vector).

Floating point minimum number across vector.
FMINP (scalar): Floating point minimum of pair of elements (scalar).
FMINP (vector): Floating point minimum pairwise (vector).



Floating point minimum across vector.
FMLA (by element): Floating point fused multiply add to accumulator (by element).
FMLA (vector): Floating point fused multiply add to accumulator (vector).
FMLAL, FMLAL2 (by element): Floating point fused multiply add long to accumulator (by e
lement).
FMLAL, FMLAL2 (vector): Floating point fused multiply add long to accumulator (vector).
FMLALB, FMLALT (by element): & bit floating point multiply add long to half precision (
vector, by element).
FMLALB, FMLALT (vector): bit floating point multiply add long to half precision (vect
or).
FMLALLBB, FMLALLBT, FMLALLTB, FMLALLTT (by element): &8 bit floating point multiply add
long long to single precision (vector, by element).
FMLALLBB, FMLALLBT, FMLALLTB, FMLALLTT (vector): bit floating point multiply add long
long to single precision (vector).
FMLS (by element): Floating point fused multiply subtract from accumulator (by element)
FMLS (vector): Floating point fused multiply subtract from accumulator (vector).
FMLSL, FMLSL2 (by element): Floating point fused multiply subtract long from accumulato
r (by element).
FMLSL, FMLSL2 (vector): Floating point fused multiply subtract long from accumulator (v
ector).
FMOV (general): Floating point move to or from general purpose register without convers
ion.
FMOV (register): Floating point move register without conversion.
FMOV (scalar, immediate): Floating point move immediate (scalar).
FMOV (vector, immediate): Floating point move immediate (vector).

Floating point fused multiply subtract (scalar).
FMUL (by element): Floating point multiply (by element).
FMUL (scalar): Floating point multiply (scalar).
FMUL (vector): Floating point multiply (vector).

Floating point multiply extended.
FMULX (by element): Floating point multiply extended (by element).
FNEG (scalar): Floating point negate (scalar).
FNEG (vector): Floating point negate (vector).

Floating point negated fused multiply add (scalar).

Floating point negated fused multiply subtract (scalar).
FNMUL (scalar): Floating point multiply negate (scalar).

Floating point reciprocal estimate.

Floating point reciprocal step.

Floating point reciprocal exponent (scalar).
FRINT32X (scalar): Floating point round to bit integer, using current rounding mode
(scalar).
FRINT32X (vector): Floating point round to bit integer, using current rounding mode
(vector).
FRINT32Z (scalar): Floating point round to bit integer toward zero (scalar).
FRINT32Z (vector): Floating point round to bit integer toward zero (vector).
FRINT64X (scalar): Floating point round to bit integer, using current rounding mode
(scalar).
FRINT64X (vector): Floating point round to bit integer, using current rounding mode
(vector).
FRINT64Z (scalar): Floating point round to bit integer toward zero (scalar).
FRINT64Z (vector): Floating point round to bit integer toward zero (vector).
FRINTA (scalar): Floating point round to integral, to nearest with ties to away (scalar
).

FRINTA (vector): Floating point round to integral, to nearest with ties to away (vector

).



FRINTI (scalar): Floating point round to integral, using current rounding mode (scalar)
FRINTI (vector): Floating point round to integral, using current rounding mode (vector)

FRINTM (scalar): Floating point round to integral, toward minus infinity (scalar).
FRINTM (vector): Floating point round to integral, toward minus infinity (vector).
FRINTN (scalar): Floating point round to integral, to nearest with ties to even (scalar
).
FRINTN (vector): Floating point round to integral, to nearest with ties to even (vector
).
FRINTP (scalar): Floating point round to integral, toward plus infinity (scalar).
FRINTP (vector): Floating point round to integral, toward plus infinity (vector).
FRINTX (scalar): Floating point round to integral exact, using current rounding mode (s
calar).
FRINTX (vector): Floating point round to integral exact, using current rounding mode (v
ector).
FRINTZ (scalar): Floating point round to integral, toward zero (scalar).
FRINTZ (vector): Floating point round to integral, toward zero (vector).
Floating point reciprocal square root estimate.
Floating point reciprocal square root step.
Floating point adjust exponent by vector.
FSQRT (scalar): Floating point square root (scalar).
FSQRT (vector): Floating point square root (vector).
FSUB (scalar): Floating point subtract (scalar).
FSUB (vector): Floating point subtract (vector).
INS (element): Insert vector element from another vector element,
INS (general): Insert vector element from general purpose register.
LD1 (multiple structures): Load multiple single element structures to one, two, three,
or four registers.
LD1 (single structure): Load one single element structure to one lane of one register.
Load one single element structure and replicate to all lanes (of one register).
LD2 (multiple structures): Load multiple 2 element structures to two registers.
LD2 (single structure): Load single 2 element structure to one lane of two registers.
Load single 2 element structure and replicate to all lanes of two registers.
LD3 (multiple structures): Load multiple = element structures to three registers.
LD3 (single structure): Load single = element structure to one lane of three registers.
Load single = element structure and replicate to all lanes of three registers.
LD4 (multiple structures): Load multiple 4 element structures to four registers.
LD4 (single structure): Load single 4 element structure to one lane of four registers.
Load single 4 element structure and replicate to all lanes of four registers.
LDAP1 (SIMD FP): Load acquire RCpc one single element structure to one lane of one regi
ster.
LDAPUR (SIMD FP): Load acquire RCpc SIMD FP register (unscaled offset).
LDNP (SIMD FP): Load pair of SIMD FP registers, with non temporal hint.
LDP (SIMD FP): Load pair of SIMD FP registers.
LDR (immediate, SIMD FP): Load SIMD FP register (immediate offset).
LDR (literal, SIMD FP): Load SIMD FP register (PC relative literal).
LDR (register, SIMD FP): Load SIMD FP register (register offset).
LDUR (SIMD FP): Load SIMD FP register (unscaled offset).
Lookup table read with 2 bit indices.
Lookup table read with 4 bit indices.
MLA (by element): Multiply add to accumulator (vector, by element).
MLA (vector): Multiply add to accumulator (vector).
MLS (by element): Multiply subtract from accumulator (vector, by element).
MLS (vector): Multiply subtract from accumulator (vector).
MOV (element): Move vector element to another vector element: an alias of INS (element)



MOV (from general): Move general purpose register to a vector element: an alias of INS
(general).
MOV (scalar): Move vector element to scalar: an alias of DUP (element).
MOV (to general): Move vector element to general purpose register: an alias of UMOV.
MOV (vector): Move vector: an alias of ORR (vector, register).
Move immediate (vector).
MUL (by element): Multiply (vector, by element).
MUL (vector): Multiply (vector).
Bitwise NOT (vector): an alias of NOT.
Move inverted immediate (vector).
NEG (vector): Negate (vector).
Bitwise NOT (vector).
ORN (vector): Bitwise inclusive OR NOT (vector).
ORR (vector, immediate): Bitwise inclusive OR (vector, immediate).
ORR (vector, register): Bitwise inclusive OR (vector, register).
Polynomial multiply.
PMULL, PMULL2: Polynomial multiply long.
RADDHN, RADDHN2: Rounding add returning high narrow.
Rotate and exclusive OR.
RBIT (vector): Reverse bit order (vector).
REV16 (vector): Reverse elements in bit halfwords (vector).
REV32 (vector): Reverse elements in bit words (vector).
Reverse elements in bit doublewords (vector).
RSHRN, RSHRN2: Rounding shift right narrow (immediate).
RSUBHN, RSUBHN2: Rounding subtract returning high narrow.
Signed absolute difference and accumulate.
SABAL, SABAL2: Signed absolute difference and accumulate long.
Signed absolute difference.
SABDL, SABDL2: Signed absolute difference long.
Signed add and accumulate long pairwise.
SADDL, SADDL2: Signed add long (vector).
Signed add long pairwise.
Signed add long across vector.
SADDW, SADDW2: Signed add wide.
SCVTF (scalar, fixed point): Signed fixed point convert to floating point (scalar).
SCVTF (scalar, integer): Signed integer convert to floating point (scalar).
SCVTF (vector, fixed point): Signed fixed point convert to floating point (vector).
SCVTF (vector, integer): Signed integer convert to floating point (vector).
SDOT (by element): Dot product signed arithmetic (vector, by element).
SDOT (vector): Dot product signed arithmetic (vector).
SHA1 hash update (choose).
SHA1 fixed rotate.
SHA1 hash update (majority).
SHA1 hash update (parity).
SHA1 schedule update
SHA1 schedule update
SHA256 hash update (part 1).
SHA256 hash update (part 2).
SHA256 schedule update
SHA256 schedule update
SHA512 hash update part
SHA512 hash update part
SHA512 schedule update
SHA512 schedule update
Signed halving add.



Shift left (immediate).
SHLL, SHLL2: Shift left long (by element size).
SHRN, SHRN2: Shift right narrow (immediate).
Signed halving subtract.
Shift left and insert (immediate).
SM3PARTW1.
SM3PARTW2.
SM3SSs1.
SM3TT1A.
SM3TT1B.
SM3TT2A.
SM3TT2B.
SM4 encode,
SM4 key.
Signed maximum (vector).
Signed maximum pairwise.
Signed maximum across vector.
Signed minimum (vector).
Signed minimum pairwise.
Signed minimum across vector.
SMLAL, SMLAL2 (by element): Signed multiply add long (vector, by element).
SMLAL, SMLAL2 (vector): Signed multiply add long (vector).
SMLSL, SMLSL2 (by element): Signed multiply subtract long (vector, by element).
SMLSL, SMLSL2 (vector): Signed multiply subtract long (vector).
SMMLA (vector): Signed & bit integer matrix multiply accumulate (vector).
Signed move vector element to general purpose register.
SMULL, SMULL2 (by element): Signed multiply long (vector, by element).
SMULL, SMULL2 (vector): Signed multiply long (vector).
Signed saturating absolute value.
Signed saturating add.
SQDMLAL, SQDMLAL2 (by element): Signed saturating doubling multiply add long (by elemen
t).
SQDMLAL, SQDMLAL2 (vector): Signed saturating doubling multiply add long.
SQDMLSL, SQDMLSL2 (by element): Signed saturating doubling multiply subtract long (by e
lement).
SQDMLSL, SQDMLSL2 (vector): Signed saturating doubling multiply subtract long.
SQDMULH (by element): Signed saturating doubling multiply returning high half (by eleme
nt).
SQDMULH (vector): Signed saturating doubling multiply returning high half.
SQDMULL, SQDMULL2 (by element): Signed saturating doubling multiply long (by element).
SQDMULL, SQDMULL2 (vector): Signed saturating doubling multiply long.
Signed saturating negate.
SQRDMLAH (by element): Signed saturating rounding doubling multiply accumulate returnin
g high half (by element).
SQRDMLAH (vector): Signed saturating rounding doubling multiply accumulate returning hi
gh half (vector).
SQRDMLSH (by element): Signed saturating rounding doubling multiply subtract returning
high half (by element).
SQRDMLSH (vector): Signed saturating rounding doubling multiply subtract returning high
half (vector).
SQRDMULH (by element): Signed saturating rounding doubling multiply returning high half
(by element).
SQRDMULH (vector): Signed saturating rounding doubling multiply returning high half.
Signed saturating rounding shift left (register).
SQRSHRN, SQRSHRN2: Signed saturating rounded shift right narrow (immediate).
SQRSHRUN, SQRSHRUN2: Signed saturating rounded shift right unsigned narrow (immediate).



SQSHL (immediate): Signed saturating shift left (immediate).
SQSHL (register): Signed saturating shift left (register).

Signed saturating shift left unsigned (immediate).

SQSHRN, SQSHRN2: Signed saturating shift right narrow (immediate).
SQSHRUN, SQSHRUN2: Signed saturating shift right unsigned narrow (immediate).

Signed saturating subtract.

SQXTN, SQXTN2: Signed saturating extract narrow.
SQXTUN, SQXTUN2: Signed saturating extract unsigned narrow.

Signed rounding halving add.
Shift right and insert (immediate).

Signed rounding shift left (register).

Signed rounding shift right (immediate).

Signed rounding shift right and accumulate (immediate).
Signed shift left (register).

SSHLL, SSHLL2: Signed shift left long (immediate).

Signed shift right (immediate).
Signed shift right and accumulate (immediate).

SSUBL, SSUBL2: Signed subtract long.
SSUBW, SSUBW2: Signed subtract wide.

(multiple structures): Store multiple single element structures from one, two, thre

e, or four registers.

rs.

S.

(single structure): Store a single element structure from one lane of one register.
(multiple structures): Store multiple 2 element structures from two registers.
(single structure): Store single 2 element structure from one lane of two registers

(multiple structures): Store multiple 2 element structures from three registers.
(single structure): Store single 2 element structure from one lane of three registe

(multiple structures): Store multiple 4 element structures from four registers.
(single structure): Store single 4 element structure from one lane of four register

STL1 (SIMD FP): Store release a single element structure from one lane of one register.
STLUR (SIMD FP): Store release SIMD FP register (unscaled offset).

STNP (SIMD FP): Store pair of SIMD FP registers, with non temporal hint.

STP (SIMD FP): Store pair of SIMD FP registers.

STR (immediate, SIMD FP): Store SIMD FP register (immediate offset).

STR (register, SIMD FP): Store SIMD FP register (register offset).

STUR (SIMD FP): Store SIMD FP register (unscaled offset).

SUB (vector): Subtract (vector).

SUBHN, SUBHN2: Subtract returning high narrow.

SUDOT (by element): Dot product with signed and unsigned integers (vector, by element).

Signed saturating accumulate of unsigned value.

SXTL, SXTL2: Signed extend long: an alias of SSHLL, SSHLL2.

Table vector lookup.
Table vector lookup extension.

Transpose vectors (primary).

Transpose vectors (secondary).

Unsigned absolute difference and accumulate.

UABAL, UABAL2: Unsigned absolute difference and accumulate long.

Unsigned absolute difference (vector).

UABDL, UABDL2: Unsigned absolute difference long.

Unsigned add and accumulate long pairwise.

UADDL, UADDL2: Unsigned add long (vector).

Unsigned add long pairwise.
Unsigned sum long across vector.

UADDW, UADDW2: Unsigned add wide.



UCVTF (scalar, fixed point): Unsigned fixed point convert to floating point (scalar).
UCVTF (scalar, integer): Unsigned integer convert to floating point (scalar).
UCVTF (vector, fixed point): Unsigned fixed point convert to floating point (vector).
UCVTF (vector, integer): Unsigned integer convert to floating point (vector).
UDOT (by element): Dot product unsigned arithmetic (vector, by element).
UDOT (vector): Dot product unsigned arithmetic (vector).
Unsigned halving add.
Unsigned halving subtract.
Unsigned maximum (vector).
Unsigned maximum pairwise.
Unsigned maximum across vector.
Unsigned minimum (vector).
Unsigned minimum pairwise.
Unsigned minimum across vector.
UMLAL, UMLAL2 (by element): Unsigned multiply add long (vector, by element).
UMLAL, UMLAL2 (vector): Unsigned multiply add long (vector).
UMLSL, UMLSL2 (by element): Unsigned multiply subtract long (vector, by element).
UMLSL, UMLSL2 (vector): Unsigned multiply subtract long (vector).
UMMLA (vector): Unsigned 8 bit integer matrix multiply accumulate (vector).
Unsigned move vector element to general purpose register.
UMULL, UMULL2 (by element): Unsigned multiply long (vector, by element).
UMULL, UMULL2 (vector): Unsigned multiply long (vector).
Unsigned saturating add.
Unsigned saturating rounding shift left (register).
UQRSHRN, UQRSHRN2: Unsigned saturating rounded shift right narrow (immediate).
UQSHL (immediate): Unsigned saturating shift left (immediate).
UQSHL (register): Unsigned saturating shift left (register).
UQSHRN, UQSHRN2: Unsigned saturating shift right narrow (immediate).
Unsigned saturating subtract.
UQXTN, UQXTN2: Unsigned saturating extract narrow.
Unsigned reciprocal estimate.
Unsigned rounding halving add.
Unsigned rounding shift left (register).
Unsigned rounding shift right (immediate).
Unsigned reciprocal square root estimate.
Unsigned rounding shift right and accumulate (immediate).
USDOT (by element): Dot product with unsigned and signed integers (vector, by element).
USDOT (vector): Dot product with unsigned and signed integers (vector).
Unsigned shift left (register).
USHLL, USHLL2: Unsigned shift left long (immediate).
Unsigned shift right (immediate).
USMMLA (vector): Unsigned and signed & bit integer matrix multiply accumulate (vector).
Unsigned saturating accumulate of signed value.
Unsigned shift right and accumulate (immediate).
USUBL, USUBL2: Unsigned subtract long.
USUBW, USUBW2: Unsigned subtract wide.
UXTL, UXTL2: Unsigned extend long: an alias of USHLL, USHLL2.
Unzip vectors (primary).
Unzip vectors (secondary).
Exclusive OR and rotate.
XTN, XTN2: Extract narrow.
Zip vectors (primary).
Zip vectors (secondary).
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INTRO OPCODES
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MSB
S =P
BIES
X
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X
X
X
X

bit

Opcode

UDF

N A

N A

Data Processing Immediate
Branching, System, Exceptions

Loads and Stores

Data Processing Register

Data Processing Scalar FPU and SIMD

LSB
C6.2. UDF
C6.2. STXRB C6.2, STLXRB  C6
C6.2. CASP, CASPA, CASPAL, CASPL
C6.2. LDAXRH C6.2. LDAXRB C6
C6.2. STLRB
C6.2. LDARB C6.2. LDLARB
C6.2. STLLRB C6.2. STLLRH
C6.2. CASB, CASAB, CASALB, CASLB
C6.2. LDXRH
C6.2. STLRH
C6.2. LDARH C6.2. LDLARH
C6.2. CASH, CASAH, CASALH, CASLH
Cé6.2, LDPSW
Cé6.2, STNP
Cé6.2, LDNP
Cé6.2, STP
Cé6.2, LDP
C6.2. STLXR C6.2. STXR

Cé6.2, STLXP C6.2. STXP

STLXRH

LDXRB
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LDAXR C6.2. LDXR
LDAXP  C6.2. LDXP
STLLR C6.2. STLR
LDAR C6.2,. LDLAR

CAS, CASA, CASAL, CASL

AND (shifted register)

BIC (shifted register)

MOV (register)

MVN C6.2, ORN (shifted register)

EOR (shifted register)

EON (shifted register)

ANDS (shifted register) 6.2, TST (shifted regis

BICS (shifted register)

ADC C6.2, ADD (extended register)

ADD (shifted register)

ADDS (extended register) C6.2, CMN (extended regi
ADDS (shifted register) 6.2, CMN (shifted regist

SUB (extended register)

SUB (shifted register) C6.2. NEG (shifted regist
CMP (extended register) C6.2, SUBS (extended reg
CMP (shifted register) C6.2. SUBS (shifted regis
ADR C6.7, ADRP

ADD (immediate) C6.2, MOV (to from ~ )

SUB (immediate)

ADDS (immediate) C6.2. CMN (immediate)

CMP (immediate) C6.2, SUBS (immediate)

AND (immediate)

MOV (inverted wide immediate) C6.2. MOVN

SBFX C6.2, SXTB C6.2, SXTH C6.2, SXTW
ASR (immediate) C6.2, SBFIZ C6.2, SBFM

SBFX C6.2, SXTB C6.2, SXTH C6.2, SXTW
EXTR C6.2, ROR (immediate)

MOV (bitmask immediate) C6 ORR (immediate)
BFC C6.2, BFI C6.2, BFM C6.2, BFXIL

EOR (immediate)

MOV (wide immediate) C6.2. movz

LSL (immediate) cé LSR (immediate) C6
UBFX C6.2. UXTB C6.2. UXTH

ANDS (immediate) C6 TST (immediate)
MOVK

B

B.cond

cBZ

CBNZ

HvVC C6.2. SMC C6.2. SVC

BRK

HLT

DCPS1 C6.2. DCPS2 C6.2. DCPS3 C6.2. DM



ediate)
PACIAZ, PACIZA
SEVL

YNC

STADDLB
STCLRLB
STEORLB
STSETLB
MAXB, STSMAXLB
MINB, STSMINLB
MAXB, STUMAXLB

MINB, STUMINLB

(TR
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Cé
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cé

cé

Cé

cé

cé

cé

cé

cé

cé

cé

cé

cé

cé

cé
cé

AT C6 CFINV C6

CLREX

AUTIA, AUTIA1716, AUTIASP, AUTIAZ, AUTIZA

AUTIB, AUTIB1716, AUTIBSP, AUTIBZ, AUTIZB
cé
Cé

csbB C6.2. DC C6.2. DSB
HINT C6.2. IC C6.2, IsB

MSR (register) C6.2,

PSB CSYNC C6.2. PSSBB C6.2.
SSBB C6.7. SYS C6.2. TLBI
WFE C6.2. WFI C6.2. YIELD
MRS C6.2, SYSL

TBZ

TBNZ

BR

BLR

RET C6.2. RETAA, RETAB

ERET C6.2. ERETAA, ERETAB

DRPS

BRAA, BRAAZ, BRAB, BRABZ
BLRAA, BLRAAZ, BLRAB, BLRABZ
LDR (literal)
STTRB C6.2,
STRB (register)
LDTRB C6.2.
LDRB (register)
LDAPRB

LDRSB (register)
LDTRSB C6.2, LDURSB

LDADDB, LDADDAB, LDADDALB, LDADDLB

STURB

LDURB

LDCLRB, LDCLRAB, LDCLRALB, LDCLRLB

LDEORB, LDEORAB, LDEORALB, LDEORLB

LDSETB, LDSETAB, LDSETALB, LDSETLB

SEV

cé

cé

Cé

Cé

Cé

Cé

LDSMAXB, LDSMAXAB, LDSMAXALB, LDSMAXLB

LDSMINB, LDSMINAB, LDSMINALB, LDSMINLB

LDUMAXB, LDUMAXAB, LDUMAXALB, LDUMAXLB

LDUMINB, LDUMINAB, LDUMINALB, LDUMINLB

SWPB, SWPAB, SWPALB, SWPLB
STRB (immediate)
LDRB (immediate)
LDRSB (immediate)

STTRH C6 STURH
STRH (register)
LDTRH C6 LDURH

LDRH (register)

Cé

Cé

Cé

Cé

ESB
MSR (imm

PACIA, PACIA1716, PACIASP,

TSB CS

NOP

STADDB,

STCLRB,

STEORB,

STSETB,

STS

STS

STU

STU



STADDLH

STCLRLH

STEORLH

STSETLH

MAXH, STSMAXLH

MINH, STSMINLH

MAXH, STUMAXLH

MINH, STUMINLH
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STSMAXL

STSMINL
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cé

cé

cé

cé

cé

cé

LDAPRH

LDTRSH C6.2, LDURSH

LDRSH (register)

LDADDH, LDADDAH, LDADDALH, LDADDLH cé

LDCLRH, LDCLRAH, LDCLRALH, LDCLRLH C6
LDEORH, LDEORAH, LDEORALH, LDEORLH C6
LDSETH, LDSETAH, LDSETALH, LDSETLH C6
LDSMAXH, LDSMAXAH, LDSMAXALH, LDSMAXLH
LDSMINH, LDSMINAH, LDSMINALH, LDSMINLH
LDUMAXH, LDUMAXAH, LDUMAXALH, LDUMAXLH
LDUMINH, LDUMINAH, LDUMINALH, LDUMINLH

SWPH, SWPAH, SWPALH, SWPLH
STRH (immediate)

LDRH (immediate)

LDRSH (immediate)

STRH (immediate)

LDRH (immediate)

LDRSH (immediate)

STLURH

LDAPURH

LDAPURSH

STLURB

LDAPURB

LDAPURSB

LDTRSW C6.2, LDURSW
LDRSW (immediate) cé
LDRSW (literal)

LDAPURSW

STLUR

LDAPUR

STTR C6.2, STUR

STR (register)

LDTR C6.2, LDUR

LDR (register)

LDAPR

LDADD, LDADDA, LDADDAL, LDADDL C6

LDCLR, LDCLRA, LDCLRAL, LDCLRL C6
LDEOR, LDEORA, LDEORAL, LDEORL C6
LDSET, LDSETA, LDSETAL, LDSETL C6
LDSMAX, LDSMAXA, LDSMAXAL, LDSMAXL C6
LDSMIN, LDSMINA, LDSMINAL, LDSMINL C6

LDUMAX, LDUMAXA, LDUMAXAL, LDUMAXL C6

STADDH,
. STCLRH,
. STEORH,
. STSETH,
C6.2.267 STS
C6.2.270 STS
C6.2.276 STU
C6.2.279 STU

LDRSW (register)

STADD, STAD

STCLR, STCL

STEOR, STEO

STSET, STSE

STSMAX,

STSMIN,

STUMAX,



STUMAXL

cé LDUMIN, LDUMINA, LDUMINAL, LDUMINL cé STUMIN,
STUMINL
o] SWP, SWPA, SWPAL, SWPL
X i _ C6 STR (immediate)
X i i cCé6 LDR (immediate)
___ Cs PRFM (literal)
cé PRFUM
cé PRFM (register)
m cé LDRAA, LDRAB
m cé LDRAA, LDRAB
_ Cse PRFM (immediate)
cé SETF8, SETF16
X cé CINC C6.2.66 CSINC C6.2.64 CSET C6.2, CSEL
X cé ASR (register) C6.2,17 ASRV C6.2, CRC32B, CRC3
2H, CRC32W, CRC32X
cé CRC32CB, CRC32CH, CRC32CW, CRC32CX
cé LSL (register) C6.2, LSLV C6.2, LSR (regist
er) 6.2, LSRV
Cé ROR (register) Cé6.2, RORV C6.2. SDIV C6.2,
ubIv
X Cé MADD C6.2. MUL C6.2. MNEG C6.2. MSUB
X Cé ADCS
X cé CCMN (immediate) C6.2, CCMN (register)
X Cé ADCS
X Cé NGC C6.2. SBC
X Cé CINV C6.2. CSETM C6.2, CSINV
X Cé CNEG C6.2. CSNEG
X Cé CLS
X Cé CLZ
X Cé RBIT
X Cé REV C6.2, REV16 C6.2, REV64
X (of] NGC C6.2. SBC
X Cé NGCS Ccé SBCS
X cé CCMP (immediate) C6 CCMP (register)
(of3] PACGA
Cé SMADDL Ccé SMULL (o] SMNEGL (of]
SMSUBL
Cé SMULH
Cé UMADDL Ccé UMULL (o] UMNEGL (of3]
UMSUBL
Cé UMULH
(of3] RMIF
(of3] AUTDA, AUTDZA C6 AUTDB, AUTDZB
(of3] AUTIA, AUTIA1716, AUTIASP, AUTIAZ, AUTIZA
(of] AUTIB, AUTIB1716, AUTIBSP, AUTIBZ, AUTIZB
(of] PACDA, PACDZA C6 PACDB, PACDzB
(of] REV32 C6.2, XPACD, XPACI, XPACLRI
(of] PACIB, PACIB1716, PACIBSP, PACIBZ, PACIZB
J S—
SIMD NEON

Cc7.2, ABS



c7

X X X X

w »w »v v »
w »w »v »w o

FMLS (vector)
L 5o

X X X X

»w »w v »
®w »m ® X ®w X W X ® X »m® X X X X 0o o o » X X X X X

I T )

X w

p

p

p

X

X

P

p

p

X

X

X 8§ S
S S
S § S
S S

c7
c7
c7
c7
c7
c7

c7

c7
Cc7
Cc7
c7
c7
c7

Cc7
Cc7
Cc7
c7
Cc7
c7
Cc7
c7
Cc7
c7
Cc7
c7
Cc7
c7
c7
c7
c7
c7
c7
c7
c7
c7
c7
c7
c7
c7
c7
c7
c7
c7
c7
c7
c7
c7
c7
c7
c7
c7
c7

ADD (vector)

ADDHN, ADDHN2

ADDP (scalar)

ADDP (vector)

ADDV

AESD AES single round decryption

AESE  AES single round encryption

AESIMC AES inverse mix columns.
AESMC  AES mix columns.

AND (vector)

BCAX

BIC (vector, immediate)

BIC (vector, register)

FMLSL, FMLSL2 (by element)
FMLSL, FMLSL2 (vector)
FMOV (vector, immediate)
FMOV (register)

FMOV (general)

FMOV (scalar, immediate)
FMSUB

FNEG (vector)

FNEG (scalar)

FNMADD

FNMSUB

FNMUL (scalar)

FRECPE

FRECPS

FRECPX

FRINTA (vector)

FRINTA (scalar)

FRINTI (vector)

FRINTI (scalar)

FRINTM (vector)

FRINTM (scalar)

FRINTN (vector)

FRINTN (scalar)

FRINTP (vector)

FRINTP (scalar)

FRINTX (vector)

FRINTX (scalar)

FRINTZ (vector)

FRINTZ (scalar)

FRSQRTE

FRSQRTS

FSQRT (vector)

FSQRT (scalar)

FSUB (vector)

FSUB (scalar)

LD1 (multiple structures)
LD1R

LD1 (single structure)
LD2 (multiple structures)



w »w »m »w v v v o
»w »w »m »v v u v o

X

X X X X X X
X X X X X X X X X X X X X X X X X X

w »® ® » X X |

®»w »w v o

r, register)

X X X X X X X X X X X X
®w »m
®w »m

® o v 0o 0 0o o o0 o o |

X X X X X X X X X X X X X X X X X
o o o 0o 0o o o 0o o u

-

c7
c7
c7
c7
c7
c7
c7
c7
C7
c7
Cc7
Cc7
c7
c7
c7
c7
Cc7
Cc7
Cc7

c7

c7

c7

c7
Cc7
c7
Cc7
c7
c7
c7
c7
c7
c7
c7
c7
c7
c7
c7
c7
c7
c7
c7
c7
c7
c7
c7
c7
c7
c7
c7
c7
c7
c7

LD2R

LD2 (single structure)

LD3 (multiple structures)
LD3R

LD3 (single structure)

LD4 (multiple structures)
LD4R

LD4 (single structure)

LDNP (SIMD and FP)

LDP (SIMD and FP)

LDR (immediate, SIMD and FP)
LDR (literal, SIMD and FP)
LDR (register, SIMD and FP)
LDUR (SIMD and FP)

MLA (by element)

MLA (vector)

MLS (by element)

MLS (vector)

MOV (scalar) C7.2. DUP (elemen
MOV (element) C7.2, INS (elem
MoV (from general) C7.2, INS
MOV (vector) C7.2, ORR (vecto

MOV (to general)

MOVI

MUL (by element)

MUL (vector)

MVN C7.2. NOT
MVNI

NEG (vector)

ORN (vector)

ORR (vector, immediate)
PMUL

PMULL, PMULL2

RADDHN, RADDHN2

RAX1

RBIT (vector)

REV16 (vector)

REV32 (vector)

REV64

RSHRN, RSHRN2

RSUBHN, RSUBHN2

SABA

SABAL, SABAL2

SABD

SABDL, SABDL2

SADALP

SADDL, SADDL2

SADDLP

SADDLV

SADDW, SADDW2

SCVTF (vector, fixed point)
SCVTF (vector, integer)



w »w v »
®»w »w v v

X X X X X X

® v v o v 0 0o o o o
o 0w o o v 0 0 o o o

R R R R e e

X X X X X X X X X X X X X X X X X X X X X X X

»w »w »o 0o v 0o 0 o 0o o o n
»w o v 0o v 0 0 o o0 o o n

______ C7.2. SCVTF (scalar, fixed point)

Cc7.2. SCVTF (scalar, integer)
h Cc7.2. SDOT (by element)
Cc7.2. SDOT (vector)
C7.2. SHA1C
C7.2. SHA1H
C7.2. SHA1M
C7.2. SHA1P
C7.2. SHA1SUO
C7.2. SHA1SU1
C7.2. SHA256H2
C7.2. SHA256H
C7.2. SHA256SU0
C7.2. SHA256SU1
C7.2. SHA512H
C7.2. SHA512H2
C7.2. SHA512SU0
C7.2. SHA512S8U1
C7.2., SHADD
C7.2, SHL
C7.2., SHLL, SHLL2
C7.2. SHRN, SHRN2
C7.2, SHSUB
C7.2. SLI
C7.2. SM3PARTW1
C7.2, SM3PARTW2
——___ C7.2. SM3SS1
ii C7.2, SM3TT1A
ii C7.2. SM3TT1B
ii C7.2. SM3TT2A
ii C7.2. SM3TT2B
C7.2. SM4E
C7.2. SM4EKEY
C7.2. SMAX
C7.2. SMAXP
C7.2. SMAXV
C7.2, SMIN
C7.2, SMINP
C7.2, SMINV
h C7.2. SMLAL, SMLAL2 (by element)
C7.2. SMLAL, SMLAL2 (vector)
h Cc7.2, SMLSL, SMLSL2 (by element)
C7.2, SMLSL, SMLSL2 (vector)
C7.2, SMoV
h Cc7.2, SMULL, SMULL2 (by element)
Cc7.2, SMULL, SMULL2 (vector)
C7.2, SQABS
C7.2, SQADD
h C7.2. SQDMLAL, SQDMLAL2 (by element)
C7.2. SQDMLAL, SQDMLAL2 (vector)
h Cc7.2, SQDMLSL, SQDMLSL2 (by element)
C7.2, SQDMLSL, SQDMLSL2 (vector)
h c7.2, SQDMULH (by element)
C7.2, SQDMULH (vector)
h C7.2. SQDMULL, SQDMULL2 (by element)

C7.2. SQDMULL, SQDMULL2 (vector)



w »w »m »w w v v o
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L T T T T T T T T

w
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w

® |

R T T T T
w o |

D S T T )
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N
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X X X X X X X X X X
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®»w »u o 0o o o »n o

C7.2., SQNEG

h Cc7.2. SQRDMLAH (by element)
c7.2, SQRDMLAH (vector)
h Cc7.2. SQRDMLSH (by element)
c7.2, SQRDMLSH (vector)
h Cc7.2. SQRDMULH (by element)
c7.2. SQRDMULH (vector)
C7.2. SQRSHL
C7.2. SQRSHRN, SQRSHRN2
C7.2. SQRSHRUN, SQRSHRUN2
C7.2. SQSHL (immediate)
Cc7.2. SQSHL (register)
C7.2. SQSHLU
C7.2. SQSHRN, SQSHRN2
C7.2. SQSHRUN, SQSHRUN2
C7.2. SQsSuB
C7.2. SQXTN, SQXTN2
C7.2. SQXTUN, SQXTUN2
C7.2., SRHADD
C7.2, SRI
C7.2., SRSHL
C7.2. SRSHR
C7.2, SRSRA
C7.2. SSHL
C7.2. SSHR
C7.2, SSRA
C7.2. SSUBL, SSUBL2
C7.2, SSUBW, SSUBW2
X ss C7.2, (multiple structures)
XXx0sss C7.2, (single structure)
ss C7.2, (multiple structures)
XxXXx0sss C7.2, (single structure)
ss C7.2, (multiple structures)
XxXXx1lsss C7.2, (single structure)
ss C7.2, (multiple structures)
XxXXx1lsss C7.2, (single structure)
————__ C7.2. STNP (SIMD and FP)
———— - C7.2. STP (SIMDFP)
____1i c7.2. STUR (SIMD and FP)
- - _ C7.2. STR (register, SIMD and FP)
- - C7.2, STUR (SIMD and FP)
Cc7.2, SUB (vector)
C7.2, SUBHN, SUBHN2
C7.2, SUQADD
C7.2. SXTL, SXTL2 C7.2. SSHLL, SSHL
i1 C7.2, TBL
i1 C7.2. TBX
C7.2, TRN1
C7.2. TRN2
C7.2, UABA
C7.2, UABAL, UABAL2
C7.2, UABD
C7.2, UABDL, UABDL2
C7.2, UADALP

C7.2. UADDL, UADDL2



X S cea C7.2, UADDLP

X S cea C7.2, UADDLV

X - = 000 — Cc7.2. UCVTF (vector, fixed point)

X s D00 Cc7.2. UCVTF (vector, integer)
X s s D00 e ___ C7.2, UCVTF (scalar, fixed point)
X s s D00 Cc7.2. UCVTF (scalar, integer)

X ssi..._ h Cc7.2. UDOT (by element)

X ] 000 — Cc7.2. UDOT (vector)

X s S e C7.2, UHADD

X s S o C7.2, UHSUB

X s S . C7.2, UMAX

X s S _ C7.2, UMAXP

X S S . C7.2, UMAXV

X S S o C7.2, UMIN

X s S . C7.2, UMINP

X s S cea C7.2, UMINV

X ssi..._ h C7.2. UMLAL, UMLAL2 (by element)

X s s 000 — Cc7.2. UMLAL, UMLAL2 (vector)

X ssi..._ h C7.2. UMLSL, UMLSL2 (by element)

X s s 00— C7.2. UMLSL, UMLSL2 (vector)

X Ve C7.2, umov

X §Ssi ... _ h Cc7.2, UMULL, UMULL2 (by element)

X s S 00 — Cc7.2, UMULL, UMULL2 (vector)

X s s A C7.2, UQADD

X s S Ve C7.2, UQRSHL

X e e C7.2, UQRSHRN, UQRSHRN2

X - = 000 — Cc7.2, UQSHL (immediate)

x 11 C D00 — Cc7.2, UQSHL (register)

X e _ c7.2, UQSHRN, UQSHRN2

x 11 s S b00 — Cc7.2, UQSUB  Unsigned saturating Subtra
ct.

x 11 s s 000 C7.2. UQXTN, UQXTN2 Unsigned saturatin
g extract Narrow.

X s oo c7.2, URECPE Unsigned Reciprocal Estim
ate.

X § S b00 — c7.2, URHADD Unsigned Rounding Halving A
dd.

x 11 s s 000 = C7.2. URSHL Unsigned Rounding Shift Le
ft (register).

— = C7.2, URSHR  Unsigned Rounding Shift Ri

ght (immediate).
X s 500 Cc7.2, URSQRTE Unsigned Reciprocal Squa
re Root Estimate.

- C7.2, URSRA
I 500 — Cc7.2, USHL Unsigned Shift Left (regist
er).
X — — 000D C7.2, USHLL, USHLL2 C7.2. UXTL, UXT
L2
—- = C7.2, USHR  Unsigned Shift Right (immed
iate).
X S S s D00 C7.2, USQADD
— — C7.2, USRA
X s S 10 — C7.2. USUBL, USUBL2
X s 0 — C7.2. USUBW, USUBW2 Unsigned Subtract
Wide.

X I 500 — Cc7.2, UZP1 Unzip vectors (primary).



X s s 000 — Cc7.2. UZP2 Unzip vectors (secondary).

e | o222 D2 % C7.2, XAR  Exclusive OR and Rotate.
X sSs C7.2, XTN, XTN2 Extract Narrow.
X s s 000 — Cc7.2. ZIP1 Zip vectors (primary).
X s s 000 — Cc7.2. ZIP2 Zip vectors (secondary).

crifan.org, {ERAZE®24.0EFR(CC BY 4.0)/%&%n all right reserved, powered by Gitbook&x f& E#:
2022-10-27 22:17:14


https://creativecommons.org/licenses/by/4.0/deed.zh

HELRIES

crifan.org, A= #4.0EFR(CC BY 4.0)f1¥ & 7h all right reserved, powered by Gitbook &z /5 & #fT:
2022-06-12 18:18:50


https://creativecommons.org/licenses/by/4.0/deed.zh

M 1E
TODO:

TEZTMEF

MOV 7

o [BEfRR] ARMICEIES: FMOV
o [Ef#R] ARMLZIES: MOVK, MOVZ, MOVN

R1E

o [BfRR] ARMICEEIES: ubfx
B RURSEF 1723

o [BfRIR] ARMLEEIES: MRS
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ATFRE

TODO:

TEZTMEF

e [Bf#R] ARMIL4IES: LDR. STR
e [BfR] ARMIL4EIES: LDP, STP

Load

o [BEfER] ARMICZIES: STUR
o [EARfRR] ARMICEHIES: stixr

Store

o [EfZ/R] ARMCEIES: LDUR
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EE%8

TODO:

e [Bf#R] ARMILZEIES: CMP. CMN
o [EfRAE] ARMILZHIES: FCMP
o [Bf#R] ARMILZRIES: TBZFITBNZ
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po iz 42

[EfgR] ARMILEREIES: BikiES DXiES
o Hfjl
n  [2IB] iOSiEEiEME: Blockfinvoke R £iE A
= FH blr Pii
[Ef#R] ARMC4RIES: br
[Ef#R] ARMC4RIES: bl
[EfER] ARMLHEIES: CBZ, CBNZ
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FHIER

o [EBfRIR] ARMIC4EIES: CSEL
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o [Ef#R] ARMILIES: ADR, ADRP
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BHzH

o [BfRR] ARMILEEIES: FMUL
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ZIEIEHE
TODO:

e [EfHR] ARMICEIES: AND
o [BEf#IR] ARMIESHASREARGIEHLSRIZIELIENX S
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SVCARLREA

e SVC 0x80
o [Bf#R] 32AIARMEISVCIELRIZIENENX
o [ER] ELMISARMCRIES MBI _IHAFIE
o [KfRR] IDAARMC4m¥s< sve 0x80 —i#H{E01 10 00 D4} £ DCB 1
o [Ef#iR] ARMCERIBIELSVC 0x804kim — #HIRi3(E
o [BEfRR] ARMI#HCHmIE<HmIB{E0T 10 00 D4FISVCIEL YRS
o [EfR] ARM64F1{AISVC 0x8035< E24mA5 — #I{E.2011000D4
o [REER] IDAFIMEESRCHERIBIESW N Z#THIRIEE

o [%18] syscall A AL EB M sve 0x801E X EAiti&NiR
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HAt?

o [EI2] ARMAREYDCBIES
o [BfRIR] ARMIL4EIES: FCVTZS
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BRI £ E
o [SEIHE] ARM64 REIAMA HRIRIE i
o [FREEAR] ARMILERIES: STPHRFEZEBEI A LARIEX
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Hk¥eIE <

TODO:

[Ef2R] ARMICZRIES: TBZFITBNZ
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FHAT

o [EfFR] ARMICRIESERZE: &K ITConditional execution
o [EAKfER] ARMIES HCarryfICHINRENIAIE X
o [Ef#R] ARMIESANDIIfEIEZNMCarry ICHT AL

crifan.org, {ERAZE®24.0EFR(CC BY 4.0)/Y&%n all right reserved, powered by Gitbook&x f& E#:
2024-09-24 17:23:12


https://creativecommons.org/licenses/by/4.0/deed.zh

condF {415

e condition = &5 = cond = condition code field
o KR
s ARMAI, B5&# conditional selection instruction Z% Conditional execution HIHY:
= condition = £#8 =485 cond
s JBRIBEFRTA  {cond}
o WMa[itEE cond HIE:
s Nzev BOAEAE (FRUIIRZE, 4 1 bit FEDFEL bit ) RET cond KIE
= Nzev BB
= ARM32: cPsR HIfY Nzcv 40t (FIAEHIE)
= ARM64: 455KZFTESR:  NzZev
o BIRENZHE
= ARMG64 Conditional Selection Instructions

ARM64 Conditional Selection Instructions

condition TRUE condition FALSE conditions
CSEL Xd, Xa, Xb, condition Xd = Xa Xd =Xb N Z CV
CSET Xd, condition Xd=1 Xd=0 Mi 1 - - — negative
CSETM Xd, condition Xd = 0x1111... Xd = 0x0000... PL 0 - - - positive/zero
EQ - 1 - - equal
NE - - = t |
CINC Xd, Xa, condition Xd=Xa+1 Xd=Xa Vs |E U = At
CINV Xd, Xa, condition Xd = NOT(Xa) Xd =Xa Ve = = = 0 mnooveriow
CNEG Xd, Xa, condition Xd = NOT(Xa)+1 Xd = Xa CSHS|- - 1 - unsigned>=
CCALO|- - 0 - unsigned<
CSINC Xd, Xa, Xb, condition Xd = Xa Xd=Xb +1 HI - 0 1 - uns?gned >
CSINV Xd, Xa, Xb, condition Xd = Xa Xd = NOT(Xb) LS - 1 0 - uvj5|gned <= fl:g s:::es
CSNEG Xd, Xa, Xb, condition ~ Xd = Xa Xd = NOT(Xb)+1 GE (= - - = signed>= 0 ﬂag dlaar
LT £ — - # signed< — ignored
Each can use X or W GT = 0‘ ) SiQ"ed > = flags the same
registers, but not mixed LE # 1 - #  signed <= * flags different
in the same instruction. AL - - - - always either/both can be met

N = signed result is negative
Z =resultis0
add op =» overflow
C = sub op doesn’t borrow
last bit shifted out when shifting
©2021 EHN & DIJ Oakley
V = add/sub op = signed overflow htips:/feclecticiight.co

= ARMG4HYZ T RS



cond & 444

Suffix Flags

EQ 7 set

NE Z clear

CS/HS C set

cc/Lo ¢ clear

MI N set

PL N clear

Vs V set

vC V clear

HI c setand z clear

LS C clearor z set

GE N and v the same

LT N and v different

GT 7 clear,and N and v the same
LE 7z set,or N and v different
AL Any

FAiEZ 6
b.le
[lag{: iR

libobjc.A.dylib objc_msgSend:
0x1921c7b20  © cmp X0, #0x0
0x1921c7b24 4 b.le 0x1921c7b98

HAPRIERES

0x1921c7b20 O : cmp X0, #0x0

BHFX0OFHER: 0x00000002820463a0
) BERIRET cPsR HEY: ¢ = carry = 1

REBEEIT:

b.le 0x1921¢c7h98

e b.le == BiEL + HHHITHcondZELE
ARM Developer Suite Assembler Guide

LE

; =0x0
) <+120>

; =0x0

Meaning

Equal

Not equal

Higher or same (unsigned >=)
Lower (unsigned <)

Negative

Positive or zero

Overflow

No overflow

Higher (unsigned <=)

Lower or same (unsigned <=)
Signed >=

Signed <

Signed >

Signed <=

Always (usually omitted)

87


https://developer.arm.com/documentation/dui0068/b/ARM-Instruction-Reference/Conditional-execution

Z set, or N and V different
Signed

Bp:

R ZBIRICPSRIVE M, HRE:

Z set, or N and Vv different

Bl, B ERTZBNFIMIE: <=, BARBE
T4 :

e N=0
o 7=0
e C=1
e V=0

->

o ZE0, ~HE
o NFIVEBZO-) —1F, ~/E

PRI, ABkEE

= .
FIAB S EIT/E:
r Aweme Aweme} . iPhoneX_137 Running Aweme on iPhoneX_137 11 + Dﬂ

B8 < [ hook_aweme.xm [l hook_dylib.xm M AntiAntiDebug.m [E hook_misc.xm [i] 0 objc_msgSend Bael =0 B

) aweme ) () Thread 1) il 0 objc_msgSend < by
“ libobjec.A.dylib objc_msgSend:

=> Bx1921c7b26 <+8>: cmp X0, #0x8 ; =Bx@

Bx1921c7b24 <+4>: b.le  8x1921c7b%98 ;o<+128>
4 0x1921c7b28 <+8>: 1dr x13, [x6] = Thread 1: instruction step into

8x1921c7b2c <+12>: and x16, x13, #OxFFIfffffs
8x1921c7b308 <+1é6>: 1ldr x11, [x16, #6x10]

EFRBbAMEE, MERENTT—1TIES, BENSTHN.

B.NEAJEE B IE)$Z k4%

IDARfGRS:
00000000001042A8 EO 1F AA MOV X0, XZR
000000ROE01042AC 1F 1F EB CMP X0, XZR
00000000001042B0 D5 msr nzcv, x0

00000000001042B4 B.NE loc_1042C0



x Ig

text:
.text:
.text:
text:
.text:
.text:
.text:
.text:
.text:
.text:
= .text:
.text:

.text

it et el

FAY B.NE

. text:
.text:
.text:
.text:
. text:
.text:
.text:
.text:
text:

.text:
.text:

IDA View-A

0000000000104294
0000000000104298
0000000000104298
000000000010429C
00000000001042A0
00000000001042A4
00000000001042A4
00000000001042A8
00000000001042AC
00000000001042B0
00000000001042B4
00000000001042B8
:00000000001042BC
00000000001042C0
00000000001042C0
00000000001042C0
00000000001042C4
00000000001042C8
00000000001042CC
00000000001042D0
00000000001042D4
00000000001042D8
00000000001042DC
00000000001042DC

g NE

RER D USRI SRS R
o BIIXZRLEXOWIEO

o LEBRXOFMIXZR, HT#ZEO0, FIABERSF

X Pseudocode-A x @ Hex View-1 x [A& Structures
DE 01 70 47 DCD 0x477001DE
F5 FF FF 97 ! BL sub_10426C
06 20 00 91 ADD X6, X0, #8
Co 00 1F D6 BR X6
01 42 3B D5 MRS X1, #3, c4, c2, #0
E@ @3 1F AA MoV X0, XZR
1F 00 1F EB CMP X0, XZR
00 42 1B D5 MSR #3, c4, c2, #0, X0
61 00 00 54 B.NE loc_1042C0
5F 3F @3 D5 CLREX
60 00 20 D4 BRK #3

loc_1042C0 ; CODE XREF: .text:00000000001042B41]j
01 42 1B D5 MSR #3, c4, c2, #0, X1
E3 0B 41 A9 LDP X3, X2, [SP,#0x10]
E7 1B 42 A9 LDP X7, X6, [SP,#0x20]
E@ 07 40 A9 LDP Xe, X1, [SP]
FD 7B 43 A9 LDP X29, X30, [SP,#0x30]
FF 03 01 91 ADD SP, SP, #0x40 ; '@’
02 00 00 14 B loc_1042E0Q
F1 F6 77 FO ’ ADRP X17, #OxEFFE3000

o BX0=0, BANZCVEHEBRESET 7S
o BNER#IETZiER:
B EAPEERI0x1042COMKIBAIE

MTISEEL T :

B ERICRE Bk EE 2 S :

NE = Not Equal = 8% , H[:

-) B — AR AR BRI AR SR IS 20
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Pre-index#]Post-index
o [EfZR] ARMIELHHILDPIES HIPre-indexf1Post-index
o [BfEAR] ARMLIRIESSTPEEMBEINSHNE X
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flexible second operand

e [BEf#IR] ARMILYRIESERIZ4E: Operand2 R iEHIE —MEEEflexible second operand
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8L " #HHlopcode %

o ARM $8< 7£4: R Hik
o Online ARM to HEX Converter (armconverter.com)
= 00 42 1B D5 -> ARM64RJ: msr nzcv, x0

ter.com/?di de=00+42+1B+D5 A ]
= Online HEX to ARM Converter o C 25 ANONYMOUS
Hex code ARM64 I— —
004218 D5 o € msrnzey, x0 0D 2
ARM _—
« Idrle 4, [fp, #:0x200] [n3
2
ARM Big Endian j—
« Idrdeq r1, r2, [r2], #-0xb5 rD )
4
THUMB
« tstr0, r0 |—|:| T
bpl #0x3c
Offset (hex)
- THUMB Big Endian
& Isls r2, r0, #1 I—D I
subs 5,12, 17 y
Successful conversions: 11584348 © 2024 i0SGods
= 01 42 3B D5 ->ARMG64RY: mrs x1, nzcv
] ter.com/?di 1+42+3B+D5 A %l
= Online HEX to ARM Converter < C 25ANONYMOUS
Hex code ARM64 f—
01423B D5 (] [m} « mrs x1, nzev oz
4
ARM -
« \drle r4, [fp, #0x201]! (w3
%
ARM Big Endian _
« Idrdeq r3, r4, [r2, #-0xb5] l—D E
4
THUMB
« tstr1,r0 |E| T
bpl #0x7¢c
Offset (hex)
THUMB Big Endian
« Isls r2, r0, #5 I—D T

CONVERT

n Successful conversions: 11584538
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subs r3, #0xd5

© 2024 i0SGods

powered by Gitbook R /GEH:
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X86;C 4R
5 Arv HHIINEY x86 5244
Wt EEMRE, S1F:

X86 AAME = AALYE = calling Convention

o x86 Registers=X86% 1723

o

e Stack during Subroutine Call = F R #0E AR A
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SRR
SEAH

[Ef#R] 32{ZARM$ES HicondBllcondition code fieldTE X F1i&i%

[EfER] ARMILHEIES: condRHRBRIKIR

[EfER] ARMILARIESERIZBE: &HH1TConditional executiongxf453cond
[iC&] ARMZ7E8%: nzcv

[BE] ARMCHREMENR: FizsanRIli%E 20220531

[ERR] ARMAPIETFER i #55 AAPCS

Guide to x86 Assembly (virginia.edu)

How does the ARM architecture differ from x867 - Stack Overflow

ARM (groupoid.github.io)

ARM Developer Suite Assembler Guide

Online ARM to HEX Converter (armconverter.com)

—Xi51& ARM 64 Z%l: ADC - chaoguo1234 - {ZE [ (cnblogs.com)

Arm A-profile A64 Instruction Set Architecture

Arm A-profile A64 Instruction Set Architecture

prominent features — Capstone — The Ultimate Disassembler (capstone-engine.org)
Wayback Machine (archive.org)

Unicorn-Engine-Documentation/Unicorn-Engine Documentation.md at master - kabeor/Unicorn-
Engine-Documentation (github.com)

ARM Procedure Call Standard

Overview of ARM ABI Conventions | Microsoft Learn

assembly - What registers to save in the ARM C calling convention? - Stack Overflow
Registers in AArch64 state - Arm Compiler armasm User Guide

Arm Compiler armasm User Guide - Program Counter in AArch64 state

ARM Developer Suite Developer Guide

Procedure Call Standard for the Arm Architecture - ABl 2020Q2 documentation
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