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AArch32 -- Base Instructions (alphabetic order)

ADC, ADCS (immediate): Add with Carry (immediate).

ADC, ADCS (register): Add with Carry (register).

ADC, ADCS (register-shifted register): Add with Carry (register-shifted register).

ADD (immediate, to PC): Add to PC: an alias of ADR.

ADD, ADDS (immediate): Add (immediate).

ADD, ADDS (register): Add (register).

ADD, ADDS (register-shifted register): Add (register-shifted register).

ADD, ADDS (SP plus immediate): Add to SP (immediate).

ADD, ADDS (SP plus register): Add to SP (register).

ADR: Form PC-relative address.

AND, ANDS (immediate): Bitwise AND (immediate).

AND, ANDS (register): Bitwise AND (register).

AND, ANDS (register-shifted register): Bitwise AND (register-shifted register).

ASR (immediate): Arithmetic Shift Right (immediate): an alias of MOV, MOVS (register).
ASR (register): Arithmetic Shift Right (register): an alias of MOV, MOVS (register-shifted register).
ASRS (immediate): Arithmetic Shift Right, setting flags (immediate): an alias of MOV, MOVS (register).
ASRS (register): Arithmetic Shift Right, setting flags (register): an alias of MOV, MOVS (register-shifted register).
B: Branch.

BFC: Bit Field Clear.

BFI: Bit Field Insert.

BIC, BICS (immediate): Bitwise Bit Clear (immediate).

BIC, BICS (register): Bitwise Bit Clear (register).

BIC, BICS (register-shifted register): Bitwise Bit Clear (register-shifted register).

BKPT: Breakpoint.

BL, BLX (immediate): Branch with Link and optional Exchange (immediate).

BLX (register): Branch with Link and Exchange (register).

BX: Branch and Exchange.

BX]J: Branch and Exchange, previously Branch and Exchange Jazelle.

CBNZ, CBZ: Compare and Branch on Nonzero or Zero.

CLREX: Clear-Exclusive.

CLZ: Count Leading Zeros.

CMN (immediate): Compare Negative (immediate).

CMN (register): Compare Negative (register).
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AArch32 -- Base Instructions (alphabetic order)

CMN (register-shifted register): Compare Negative (register-shifted register).

CMP (immediate): Compare (immediate).

CMP (register): Compare (register).

CMP (register-shifted register): Compare (register-shifted register).
CPS, CPSID, CPSIE: Change PE State.

CRC32: CRC32.

CRC32C: CRC32C.

CSDB: Consumption of Speculative Data Barrier.

DBG: Debug hint.

DCPS1: Debug Change PE State to EL1.

DCPS2: Debug Change PE State to EL2.

DCPS3: Debug Change PE State to EL3.

DMB: Data Memory Barrier.

DSB: Data Synchronization Barrier.

EOR, EORS (immediate): Bitwise Exclusive OR (immediate).

EOR, EORS (register): Bitwise Exclusive OR (register).

EOR, EORS (register-shifted register): Bitwise Exclusive OR (register-shifted register).

ERET: Exception Return.

ESB: Error Synchronization Barrier.

HLT: Halting Breakpoint.

HVC: Hypervisor Call.

ISB: Instruction Synchronization Barrier.

IT: If-Then.

LDA: Load-Acquire Word.

LDAB: Load-Acquire Byte.

LDAEX: Load-Acquire Exclusive Word.

LDAEXB: Load-Acquire Exclusive Byte.

LDAEXD: Load-Acquire Exclusive Doubleword.

LDAEXH: Load-Acquire Exclusive Halfword.

LDAH: Load-Acquire Halfword.

LDC (immediate): Load data to System register (immediate).
LDC (literal): Load data to System register (literal).

LDM (exception return): Load Multiple (exception return).

LDM (User registers): Load Multiple (User registers).

LDM, LDMIA, LDMFD: Load Multiple (Increment After, Full Descending).

LDMDA, LDMFA: Load Multiple Decrement After (Full Ascending).
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AArch32 -- Base Instructions (alphabetic order)

LDMDB, LDMEA: Load Multiple Decrement Before (Empty Ascending).
LDMIB, LDMED: Load Multiple Increment Before (Empty Descending).
LDR (immediate): Load Register (immediate).

LDR (literal): Load Register (literal).

LDR (register): Load Register (register).

LDRB (immediate): Load Register Byte (immediate).

LDRB (literal): Load Register Byte (literal).

LDRB (register): Load Register Byte (register).

LDRBT: Load Register Byte Unprivileged.

LDRD (immediate): Load Register Dual (immediate).

LDRD (literal): Load Register Dual (literal).

LDRD (register): Load Register Dual (register).

LDREX: Load Register Exclusive.

LDREXB: Load Register Exclusive Byte.

LDREXD: Load Register Exclusive Doubleword.

LDREXH: Load Register Exclusive Halfword.

LDRH (immediate): Load Register Halfword (immediate).

LDRH (literal): Load Register Halfword (literal).

LDRH (register): Load Register Halfword (register).

LDRHT: Load Register Halfword Unprivileged.

LDRSB (immediate): Load Register Signed Byte (immediate).
LDRSB (literal): Load Register Signed Byte (literal).

LDRSB (register): Load Register Signed Byte (register).

LDRSBT: Load Register Signed Byte Unprivileged.

LDRSH (immediate): Load Register Signed Halfword (immediate).
LDRSH (literal): Load Register Signed Halfword (literal).

LDRSH (register): Load Register Signed Halfword (register).
LDRSHT: Load Register Signed Halfword Unprivileged.

LDRT: Load Register Unprivileged.

LSL (immediate): Logical Shift Left (immediate): an alias of MOV, MOVS (register).

LSL (register): Logical Shift Left (register): an alias of MOV, MOVS (register-shifted register).

LSLS (immediate): Logical Shift Left, setting flags (immediate): an alias of MOV, MOVS (register).

LSLS (register): Logical Shift Left, setting flags (register): an alias of MOV, MOVS (register-shifted register).

LSR (immediate): Logical Shift Right (immediate): an alias of MOV, MOVS (register).

LSR (register): Logical Shift Right (register): an alias of MOV, MOVS (register-shifted register).

LSRS (immediate): Logical Shift Right, setting flags (immediate): an alias of MOV, MOVS (register).



AArch32 -- Base Instructions (alphabetic order)

LSRS (register): Logical Shift Right, setting flags (register): an alias of MOV, MOVS (register-shifted register).
MCR: Move to System register from general-purpose register or execute a System instruction.
MCRR: Move to System register from two general-purpose registers.

MLA, MLAS: Multiply Accumulate.

MLS: Multiply and Subtract.

MOV, MOVS (immediate): Move (immediate).

MOV, MOVS (register): Move (register).

MOV, MOVS (register-shifted register): Move (register-shifted register).

MOVT: Move Top.

MRC: Move to general-purpose register from System register.

MRRC: Move to two general-purpose registers from System register.

MRS: Move Special register to general-purpose register.

MRS (Banked register): Move Banked or Special register to general-purpose register.
MSR (Banked register): Move general-purpose register to Banked or Special register.
MSR (immediate): Move immediate value to Special register.

MSR (register): Move general-purpose register to Special register.

MUL, MULS: Multiply.

MVN, MVNS (immediate): Bitwise NOT (immediate).

MVN, MVNS (register): Bitwise NOT (register).

MVN, MVNS (register-shifted register): Bitwise NOT (register-shifted register).

NOP: No Operation.

ORN, ORNS (immediate): Bitwise OR NOT (immediate).

ORN, ORNS (register): Bitwise OR NOT (register).

ORR, ORRS (immediate): Bitwise OR (immediate).

ORR, ORRS (register): Bitwise OR (register).

ORR, ORRS (register-shifted register): Bitwise OR (register-shifted register).

PKHBT, PKHTB: Pack Halfword.

PLD (literal): Preload Data (literal).

PLD, PLDW (immediate): Preload Data (immediate).

PLD, PLDW (register): Preload Data (register).

PLI (immediate, literal): Preload Instruction (immediate, literal).

PLI (register): Preload Instruction (register).

POP: Pop Multiple Registers from Stack.

POP (multiple registers): Pop Multiple Registers from Stack: an alias of LDM, LDMIA, LDMFD.
POP (single register): Pop Single Register from Stack: an alias of LDR (immediate).

PSSBB: Physical Speculative Store Bypass Barrier.
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AArch32 -- Base Instructions (alphabetic order)

PUSH: Push Multiple Registers to Stack.

PUSH (multiple registers): Push multiple registers to Stack: an alias of STMDB, STMFD.
PUSH (single register): Push Single Register to Stack: an alias of STR (immediate).
QADD: Saturating Add.

QADD16: Saturating Add 16.

QADDS: Saturating Add 8.

QASX: Saturating Add and Subtract with Exchange.

QDADD: Saturating Double and Add.

QDSUB: Saturating Double and Subtract.

QSAX: Saturating Subtract and Add with Exchange.

QSUB: Saturating Subtract.

QSUBI16: Saturating Subtract 16.

QSUBS8: Saturating Subtract 8.

RBIT: Reverse Bits.

REV: Byte-Reverse Word.

REV16: Byte-Reverse Packed Halfword.

REVSH: Byte-Reverse Signed Halfword.

RFE, RFEDA, RFEDB, RFEIA, RFEIB: Return From Exception.

ROR (immediate): Rotate Right (immediate): an alias of MOV, MOVS (register).

ROR (register): Rotate Right (register): an alias of MOV, MOVS (register-shifted register).
RORS (immediate): Rotate Right, setting flags (immediate): an alias of MOV, MOVS (register).
RORS (register): Rotate Right, setting flags (register): an alias of MOV, MOVS (register-shifted register).
RRX: Rotate Right with Extend: an alias of MOV, MOVS (register).

RRXS: Rotate Right with Extend, setting flags: an alias of MOV, MOVS (register).

RSB, RSBS (immediate): Reverse Subtract (immediate).

RSB, RSBS (register): Reverse Subtract (register).

RSB, RSBS (register-shifted register): Reverse Subtract (register-shifted register).

RSC, RSCS (immediate): Reverse Subtract with Carry (immediate).

RSC, RSCS (register): Reverse Subtract with Carry (register).

RSC, RSCS (register-shifted register): Reverse Subtract (register-shifted register).
SADD16: Signed Add 16.

SADDS: Signed Add 8.

SASX: Signed Add and Subtract with Exchange.

SB: Speculation Barrier.

SBC, SBCS (immediate): Subtract with Carry (immediate).

SBC, SBCS (register): Subtract with Carry (register).
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AArch32 -- Base Instructions (alphabetic order)

SBC, SBCS (register-shifted register): Subtract with Carry (register-shifted register).
SBFX: Signed Bit Field Extract.

SDIV: Signed Divide.

SEL: Select Bytes.

SETEND: Set Endianness.

SETPAN: Set Privileged Access Never.

SEV: Send Event.

SEVL: Send Event Local.

SHADD16: Signed Halving Add 16.

SHADDS: Signed Halving Add 8.

SHASX: Signed Halving Add and Subtract with Exchange.

SHSAX: Signed Halving Subtract and Add with Exchange.

SHSUBI16: Signed Halving Subtract 16.

SHSUBS: Signed Halving Subtract 8.

SMC: Secure Monitor Call.

SMLABB, SMLABT, SMLATB, SMLATT: Signed Multiply Accumulate (halfwords).
SMLAD, SMLADX: Signed Multiply Accumulate Dual.

SMLAL, SMLALS: Signed Multiply Accumulate Long.

SMLALBB, SMLALBT, SMLALTB, SMLALTT: Signed Multiply Accumulate Long (halfwords).

SMLALD, SMLALDX: Signed Multiply Accumulate Long Dual.
SMLAWB, SMLAWT: Signed Multiply Accumulate (word by halfword).
SMLSD, SMLSDX: Signed Multiply Subtract Dual.

SMLSLD, SMLSLDX: Signed Multiply Subtract Long Dual.

SMMLA, SMMLAR: Signed Most Significant Word Multiply Accumulate.
SMMLS, SMMLSR: Signed Most Significant Word Multiply Subtract.
SMMUL, SMMULR: Signed Most Significant Word Multiply.

SMUAD, SMUADX: Signed Dual Multiply Add.

SMULBB, SMULBT, SMULTB, SMULTT: Signed Multiply (halfwords).
SMULL, SMULLS: Signed Multiply Long.

SMULWB, SMULWT: Signed Multiply (word by halfword).

SMUSD, SMUSDX: Signed Multiply Subtract Dual.

SRS, SRSDA, SRSDB, SRSIA, SRSIB: Store Return State.

SSAT: Signed Saturate.

SSAT16: Signed Saturate 16.

SSAX: Signed Subtract and Add with Exchange.

SSBB: Speculative Store Bypass Barrier.
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AArch32 -- Base Instructions (alphabetic order)

SSUB16: Signed Subtract 16.

SSUBS: Signed Subtract 8.

STC: Store data to System register.

STL: Store-Release Word.

STLB: Store-Release Byte.

STLEX: Store-Release Exclusive Word.

STLEXB: Store-Release Exclusive Byte.

STLEXD: Store-Release Exclusive Doubleword.

STLEXH: Store-Release Exclusive Halfword.

STLH: Store-Release Halfword.

STM (User registers): Store Multiple (User registers).

STM, STMIA, STMEA: Store Multiple (Increment After, Empty Ascending).
STMDA, STMED: Store Multiple Decrement After (Empty Descending).
STMDB, STMFD: Store Multiple Decrement Before (Full Descending).
STMIB, STMFA: Store Multiple Increment Before (Full Ascending).
STR (immediate): Store Register (immediate).

STR (register): Store Register (register).

STRB (immediate): Store Register Byte (immediate).

STRB (register): Store Register Byte (register).

STRBT: Store Register Byte Unprivileged.

STRD (immediate): Store Register Dual (immediate).

STRD (register): Store Register Dual (register).

STREX: Store Register Exclusive.

STREXB: Store Register Exclusive Byte.

STREXD: Store Register Exclusive Doubleword.

STREXH: Store Register Exclusive Halfword.

STRH (immediate): Store Register Halfword (immediate).

STRH (register): Store Register Halfword (register).

STRHT: Store Register Halfword Unprivileged.

STRT: Store Register Unprivileged.

SUB (immediate, from PC): Subtract from PC: an alias of ADR.

SUB, SUBS (immediate): Subtract (immediate).

SUB, SUBS (register): Subtract (register).

SUB, SUBS (register-shifted register): Subtract (register-shifted register).
SUB, SUBS (SP minus immediate): Subtract from SP (immediate).

SUB, SUBS (SP minus register): Subtract from SP (register).
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AArch32 -- Base Instructions (alphabetic order)

SVC: Supervisor Call.

SXTAB: Signed Extend and Add Byte.

SXTAB16: Signed Extend and Add Byte 16.

SXTAH: Signed Extend and Add Halfword.

SXTB: Signed Extend Byte.

SXTB16: Signed Extend Byte 16.

SXTH: Signed Extend Halfword.

TBB, TBH: Table Branch Byte or Halfword.

TEQ (immediate): Test Equivalence (immediate).

TEQ (register): Test Equivalence (register).

TEQ (register-shifted register): Test Equivalence (register-shifted register).
TSB CSYNC: Trace Synchronization Barrier.

TST (immediate): Test (immediate).

TST (register): Test (register).

TST (register-shifted register): Test (register-shifted register).
UADD16: Unsigned Add 16.

UADDS: Unsigned Add 8.

UASX: Unsigned Add and Subtract with Exchange.

UBFX: Unsigned Bit Field Extract.

UDF: Permanently Undefined.

UDIV: Unsigned Divide.

UHADD16: Unsigned Halving Add 16.

UHADDS: Unsigned Halving Add 8.

UHASX: Unsigned Halving Add and Subtract with Exchange.
UHSAX: Unsigned Halving Subtract and Add with Exchange.
UHSUBI16: Unsigned Halving Subtract 16.

UHSUBS: Unsigned Halving Subtract 8.

UMAAL: Unsigned Multiply Accumulate Accumulate Long.
UMLAL, UMLALS: Unsigned Multiply Accumulate Long.
UMULL, UMULLS: Unsigned Multiply Long.

UQADDI16: Unsigned Saturating Add 16.

UQADDS: Unsigned Saturating Add 8.

UQASX: Unsigned Saturating Add and Subtract with Exchange.
UQSAX: Unsigned Saturating Subtract and Add with Exchange.
UQSUB16: Unsigned Saturating Subtract 16.

UQSUBS8: Unsigned Saturating Subtract 8.
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AArch32 -- Base Instructions (alphabetic order)

USADS8: Unsigned Sum of Absolute Differences.
USADAS: Unsigned Sum of Absolute Differences and Accumulate.
USAT: Unsigned Saturate.

USAT16: Unsigned Saturate 16.

USAX: Unsigned Subtract and Add with Exchange.
USUB16: Unsigned Subtract 16.

USUBS8: Unsigned Subtract 8.

UXTAB: Unsigned Extend and Add Byte.
UXTAB16: Unsigned Extend and Add Byte 16.
UXTAH: Unsigned Extend and Add Halfword.
UXTB: Unsigned Extend Byte.

UXTB16: Unsigned Extend Byte 16.

UXTH: Unsigned Extend Halfword.

WFE: Wait For Event.

WFI: Wait For Interrupt.

YIELD: Yield hint.
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LDC (immediate)

Load data to System register (immediate) calculates an address from a base register value and an immediate offset,
loads a word from memory, and writes it to the DBGDTRTXint System register. It can use offset, post-indexed, pre-
indexed, or unindexed addressing. For information about memory accesses see Memory accesses.

In an implementation that includes EL2, the permitted LDC access to DBGDTRTXint can be trapped to Hyp mode,
meaning that an attempt to execute an LDC instruction in a Non-secure mode other than Hyp mode, that would be
permitted in the absence of the Hyp trap controls, generates a Hyp Trap exception. For more information, see
Trapping general Non-secure System register accesses to debug registers.

For simplicity, the LDC pseudocode does not show this possible trap to Hyp mode.

It has encodings from the following instruction sets: A32 (Al ) and T32 (T1).

Al
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
[ '=1111 |1 1 ofPJujofw|[1] '=1111 [0 1 0 1[1 1 1]0] imm8

cond Rn

Offset (P == 1 && W == 0)

LDC{<c>}{<g>} pl4, c5, [<Rn>{, #{+/-}<imm>}]
Post-indexed (P == 0 && W == 1)

LDC{<c>}{<qg>} pl4, c5, [<Rn>], #{+/-}<imm>
Pre-indexed (P == 1 && W == 1)

LDC{<c>}{<qg>} pl4, c5, [<Rn>, #{+/-}<imm>]!
Unindexed (P ==0 && U == 1 && W == 0)

LDC{<c>}{<g>} pl4, c5, [<Rn>], <option>

if Rn == '1111' then SEE "LDC (literal)";
if P=="'0"&& U == "'0"'" & W == '0' then UNDEFINED;
= UInt(Rn); «cp =
imm32 = ZeroExtend(imm8:'00', 32); index = (P == '1'); add = (U == '1"'); wback = (W== '1");
Tl

1514131211109 8 7 6 5 4 3 2 1 01514131211109 8 7 6 5 4 3 2 1 0

11 1101 1 o0[PlU[O[w[1] '=1111 [0 1 0 1[1 1 1]0] imm8 |
Rn

1534131211310 9 8 7 6 5 4 3 2 1 0151413121110 9 8 7 8 5 4321208

|2 2 2(/0/2 2 g|/P|U/o(W[2| 'I=2131 [D 2 0 2|2 1 1/0] imm8 |
RA
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Offset (P == 1 && W == 0)

LDC{<c>}{<0g>} pl4, c5, [<Rn>{, #{+/-}<imm>}]

Post-indexed (P == 0 && W == 1)

LDC{<c>}{<qg>} pl4, c5, [<Rn>], #{+/-}<imm>

Pre-indexed (P == 1 && W == 1)

LDC{<c>}{<qg>} pl4, c5, [<Rn>, #{+/-}<imm>]!

Unindexed (P==0 && U == 1 && W == 0)

LDC{<c>}{<g>} pl4, c5, [<Rn>], <option>

if Rn == '1111' then SEE "LDC (literal)";

if P=="'0" & U == '0' & W == '0' then UNDEFINED;

n = UInt(Rn); cp = 14;

imm32 = ZeroExtend(imm8:'00', 32); index = (P == '1'); add = (U == '1"'); wback = (W== '1");

Assembler Symbols

<c> See Standard assembler syntax fields.
<qg> See Standard assembler syntax fields.
<Rn> Is the general-purpose base register, encoded in the "Rn" field. If the PC is used, see LDC (literal).
<option> Is an 8-bit immediate, in the range 0 to 255 enclosed in { }, encoded in the "imm8" field. The value of
this field is ignored when executing this instruction.
+/- Specifies the offset is added to or subtracted from the base register, defaulting to + if omitted and
encoded in “U”:
U 4
0 -
_1 ]+
<imm> Is the immediate offset used for forming the address, a multiple of 4 in the range 0-1020, defaulting to 0
and encoded in the "imm8" field, as <imm>/4.
Operation

if ConditionPassed() then

EncodingSpecificOperations();
offset addr = if add then (R[n] + imm32) else (R[n] - imm32);
address = if index then offset addr else R[n];

// System register write to DBGDTRTXint.

DBGDTR _ELO[] = MemA[address,4];

if wback then R[n] = offset addr;

Operational information

If CPSR.DIT is 1, the timing of this instruction is insensitive to the value of the data being loaded or stored.
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LDR (immediate)

Load Register (immediate) calculates an address from a base register value and an immediate offset, loads a word
from memory, and writes it to a register. It can use offset, post-indexed, or pre-indexed addressing. For information
about memory accesses see Memory accesses.

This instruction is used by the alias POP (single register).

It has encodings from the following instruction sets: A32 (Al )and T32 (T1,T2,T3 and T4) .

Al
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
[ '=1111 Jo 1 ofPJujo[w[1] '=1111 | Rt | imm12

cond Rn

Offset (P == 1 && W == 0)
LDR{<c>}{<q>} <Rt>, [<Rn> {, #{+/-}<imm>}]
Post-indexed (P == 0 && W == 0)
LDR{<c>}{<qg>} <Rt>, [<Rn>], #{+/-}<imm>
Pre-indexed (P == 1 && W == 1)

LDR{<c>}{<qg>} <Rt>, [<Rn>, #{+/-}<imm>]!

if Rn == '1111' then SEE "LDR (literal)";

if P == "'0"'" & W == '1' then SEE "LDRT";

t = UInt(Rt); n = UInt(Rn); imm32 = ZeroExtend(imml2, 32);

index = (P == '1'); add = (U == '1"); wback = (P == '0") || (W=="1");

if wback && n == t then UNPREDICTABLE;
CONSTRAINED UNPREDICTABLE behavior

If wback && n == t, then one of the following behaviors must occur:

¢ The instruction is UNDEFINED.

¢ The instruction executes as NOP.

¢ The instruction performs all of the loads using the specified addressing mode and the content of the register
that is written back is UNKNOWN. In addition, if an exception occurs during such an instruction, the base
address might be corrupted so that the instruction cannot be repeated.

Tl
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
101 1]0]1] imm5 | Rn | Rt |
T1

LDR{<c>}{<g>} <Rt>, [<Rn> {, #{+}<imm>}]

t = UInt(Rt); n = UInt(Rn); imm32 = ZeroExtend(imm5:'00', 32);
index = TRUE; add = TRUE; wback = FALSE;
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T2

1514 13121110 9 8 7 6 5 4 3 2 1 0
[1 0 0 1]1] Rt | imm8

T2

LDR{<c>}{<q>} <Rt>, [SP{, #{+}<imm>}]

t = UInt(Rt); n = 13; 1imm32 = ZeroExtend(imm8:'00', 32);
index = TRUE; add = TRUE; wback = FALSE;

T3
1514 13121110 9 8 7 6 5 4 3 2 1 0 1514 13121110 9 8 7 6 5 4 3 2 1 O
[1 1111000 1|1 0f[1] !'=1111 | Rt | imm12

Rn

T3

LDR{<c>}.W <Rt>, [<Rn> {, #{+}<imm>}] // (<Rt>, <Rn>, <imm> can be represented in T1 or T2)
LDR{<c>}{<g>} <Rt>, [<Rn> {, #{+}<imm>}]
if Rn == '1111' then SEE "LDR (literal)";

t = UInt(Rt); n = UInt(Rn); imm32 = ZeroExtend(imml2, 32); index = TRUE; add = TRUE;
wback = FALSE; if t == 15 && InITBlock() && !LastInITBlock() then UNPREDICTABLE;

T4
151413121110 9 8 7 6 5 4 3 2 1 0 1514 13121110 9 8 7 6 5 4 3 2 1 O
[1 111 10000[1 0f[1] !'=1111 | Rt [1]P[U[W] imm8

Rn

Offset (P == 1 && U == 0 && W == 0)

LDR{<c>}{<qg>} <Rt>, [<Rn> {, #-<imm>}]

Post-indexed (P == 0 && W == 1)

LDR{<c>}{<g>} <Rt>, [<Rn>], #{+/-}<imm>

Pre-indexed (P == 1 && W == 1)

LDR{<c>}{<qg>} <Rt>, [<Rn>, #{+/-}<imm>]!

if Rn == '1111' then SEE "LDR (literal)";

if P=="'1"&& U =="1" & W == '0' then SEE "LDRT";

if P == '0' & W == '0' then UNDEFINED;

t = UInt(Rt); n = UInt(Rn);

imm32 = ZeroExtend(imm8, 32); index = (P == '1'); add = (U == '1'); wback = (W=="1");

if (wback & n == t) || (t == 15 && InITBlock() && !LastInITBlock()) then UNPREDICTABLE;
CONSTRAINED UNPREDICTABLE behavior

If wback && n == t, then one of the following behaviors must occur:

¢ The instruction is UNDEFINED.

¢ The instruction executes as NOP.

e The instruction performs all of the loads using the specified addressing mode and the content of the register
that is written back is UNKNOWN. In addition, if an exception occurs during such an instruction, the base
address might be corrupted so that the instruction cannot be repeated.
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For more information about the CONSTRAINED UNPREDICTABLE behavior of this instruction, see Architectural Constraints

on UNPREDICTABLE behaviors.

Assembler Symbols

<c> See Standard assembler syntax fields.

<q> See Standard assembler syntax fields.

<Rt> For encoding A1l: is the general-purpose register to be transferred, encoded in the "Rt" field. The PC
can be used. If the PC is used, the instruction branches to the address (data) loaded to the PC. This is
an interworking branch, see Pseudocode description of operations on the AArch32 general-purpose
registers and the PC.
For encoding T1 and T2: is the general-purpose register to be transferred, encoded in the "Rt" field.
For encoding T3 and T4: is the general-purpose register to be transferred, encoded in the "Rt" field. The
PC can be used, provided the instruction is either outside an IT block or the last instruction of an IT
block. If the PC is used, the instruction branches to the address (data) loaded to the PC. This is an
interworking branch, see Pseudocode description of operations on the AArch32 general-purpose
registers and the PC.

<Rn> For encoding A1, T3 and T4: is the general-purpose base register, encoded in the "Rn" field. For PC use
see LDR (literal).
For encoding T1: is the general-purpose base register, encoded in the "Rn" field.

+/- Specifies the offset is added to or subtracted from the base register, defaulting to + if omitted and
encoded in “U”:
U 4

0 B

_1 ]+

+ Specifies the offset is added to the base register.

<imm> For encoding A1l: is the 12-bit unsigned immediate byte offset, in the range 0 to 4095, defaulting to O if

omitted, and encoded in the "imm12" field.

For encoding T1: is the optional positive unsigned immediate byte offset, a multiple of 4, in the range 0
to 124, defaulting to 0 and encoded in the "immb5" field as <imm>/4.

For encoding T2: is the optional positive unsigned immediate byte offset, a multiple of 4, in the range 0
to 1020, defaulting to 0 and encoded in the "imm8" field as <imm>/4.

For encoding T3: is an optional 12-bit unsigned immediate byte offset, in the range 0 to 4095, defaulting
to 0 and encoded in the "imm12" field.

For encoding T4: is an 8-bit unsigned immediate byte offset, in the range 0 to 255, defaulting to 0 if
omitted, and encoded in the "imma8" field.

Alias Conditions

Alias of . Is preferred when

variant
POP Al P=="10"8& U=="1" & W == '0' & Rn == '1101' && imml2 == '000000000100'
(single (post-
register) indexed)
POP T4 Rn == '1101' & P == '0' & U == '1' & W == '1' && imm8 == '00000100'
(single (post-

register) indexed)
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Operation

if CurrentInstrSet() == InstrSet A32 then
if ConditionPassed() then
EncodingSpecificOperations();

offset addr = if add then (R[n] + imm32) else (R[n]

address = if index then offset addr else R[n];

data = MemU[address,4];
if wback then R[n] = offset addr;
if t == 15 then

if address<l:0> == '00' then
LoadWritePC(data);
else
UNPREDICTABLE;
else
R[t] = data;

else
if ConditionPassed() then
EncodingSpecificOperations();

offset addr = if add then (R[n] + imm32)

address = if index then offset addr else R[n];

data = MemU[address,4];
if wback then R[n] = offset addr;
if t == 15 then

if address<l:0> == '00' then
LoadWritePC(data);
else
UNPREDICTABLE;
else
R[t] = data;

Operational information

else (R[n]

If CPSR.DIT is 1, the timing of this instruction is insensitive to the value of the data being loaded or stored.
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MCR

Move to System register from general-purpose register or execute a System instruction. This instruction copies the
value of a general-purpose register to a System register, or executes a System instruction.

The System register and System instruction descriptions identify valid encodings for this instruction. Other encodings
are UNDEFINED. For more information see About the AArch32 System register interface and General behavior of
System registers.

In an implementation that includes EL2, MCR accesses to System registers can be trapped to Hyp mode, meaning that
an attempt to execute an MCR instruction in a Non-secure mode other than Hyp mode, that would be permitted in the
absence of the Hyp trap controls, generates a Hyp Trap exception. For more information, see EL2 configurable
instruction enables, disables, and traps.

Because of the range of possible traps to Hyp mode, the MCR pseudocode does not show these possible traps.

It has encodings from the following instruction sets: A32 (Al ) and T32 (T1).

Al

31 30 29 28 27 26 25 24 23 22 21 2019 18 17 16 15141312 11 10 9 8 7 6 54 3 2 10

| '=1111 |1 1 1 0] opcl [0] CRn | Rt [1 1 1 [coproc<0>| opc2 [1] CRm |
cond coproc<3:1>

Al

MCR{<c>}{<q>} <coproc>, {#}<opcl>, <Rt>, <CRn>, <CRm>{, {#}<opc2>}

= UInt(Rt); cp = if coproc<@> == '0' then 14 else 15;
if t == 15 then UNPREDICTABLE; // Armv8-A removes UNPREDICTABLE for R13

Tl

1514131211109 8 7 6 5 4 3 2 1 01514131211 10 9 8 76543210

111011 10[opcl [0] CRAN | Rt [1 1 1 |Jcoproc<0> opc2 [1|] CRm |
coproc<3:1>

1514131219109 8 7 6 5 4 3 2 1 015141312 11 10 9 76543210

|2 3 1/0]/2 12 1 0] epex [B] ERAn | Rt IlllleepFee<O>lepez|l|GRm|
coproc<3:1>

T1

MCR{<c>}{<g>} <coproc>, {#}<opcl>, <Rt>, <CRn>, <CRm>{, {#}<opc2>}

= UInt(Rt); cp = if coproc<0> == '0' then 14 else 15;
if t == 15 then UNPREDICTABLE; // Armv8-A removes UNPREDICTABLE for R13

For more information about the CONSTRAINED UNPREDICTABLE behavior of this instruction, see Architectural Constraints
on UNPREDICTABLE behaviors.

Assembler Symbols

<c> See Standard assembler syntax fields.

<qg> See Standard assembler syntax fields.

<coproc> Is the System register encoding space, encoded in “coproc<0>":

coproc<0> <coproc>

0 pl4d
1 pl5
<opcl> Is the opcl parameter within the System register encoding space, in the range 0 to7, encoded in the
"opcl" field.

MCR Page 17


ISA_AArch32_xml_v86A-2020-03/from-ISA_AArch32_xml_v86A-2019-12/shared_pseudocode.html#impl-shared.UInt.1
ISA_AArch32_xml_v86A-2020-03/from-ISA_AArch32_xml_v86A-2019-12/shared_pseudocode.html#impl-shared.UInt.1

<Rt> Is the general-purpose register to be transferred, encoded in the "Rt" field.

<CRn> Is the CRn parameter within the System register encoding space, in the range c0 to c15, encoded in the
"CRn" field.

<CRm> Is the CRm parameter within the System register encoding space, in the range c0 to c15, encoded in
the "CRm" field.

<opc2> Is the opc2 parameter within the System register encoding space, in the range 0 to7, encoded in the

"opc2" field.

The possible values of { <coproc>, <opcl>, <CRn>, <CRm>, <opc2> } encode the entire System register and

System instruction encoding space. Not all of this space is allocated, and the System register and System instruction
descriptions identify the allocated encodings.

Operation

if ConditionPassed() then
EncodingSpecificOperations();
AArch32.SysRegWrite(cp, ThisInstr(), R[t]);

Internal version only: isa v01_09%#84-06, pseudocode v8r-00bet0_rc1-199-g1970297¥2019-12re3-1, sve v2020-03_rc1¥#2019-12 re3 ; Build timestamp:
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MCRR

Move to System register from two general-purpose registers. This instruction copies the values of two general-purpose
registers to a System register.

The System register descriptions identify valid encodings for this instruction. Other encodings are UNDEFINED. For
more information see About the AArch32 System register interface and General behavior of System registers.

In an implementation that includes EL2, MCRR accesses to System registers can be trapped to Hyp mode, meaning that
an attempt to execute an MCRR instruction in a Non-secure mode other than Hyp mode, that would be permitted in the
absence of the Hyp trap controls, generates a Hyp Trap exception. For more information, see EL2 configurable
instruction enables, disables, and traps.

Because of the range of possible traps to Hyp mode, the MCRR pseudocode does not show these possible traps.

It has encodings from the following instruction sets: A32 (Al ) and T32 (T1).

Al

31 30 29 28 27 26 25 24 23 22 21 2019 18 17 16 15141312 11 10 9 8 7 6 54 3 2 10

| '=1111 |1 1 0 0o oJ1|ofo] R2 | Rt [1 1 1 [coproc<O> opcl | CRm |
cond coproc<3:1>

Al

MCRR{<c>}{<q>} <coproc>, {#}<opcl>, <Rt>, <Rt2>, <CRm>

t = UInt(Rt); t2 = UInt(Rt2); cp = if coproc<0> == '0Q' then 14 else 15;
if t == 15 || t2 == 15 then UNPREDICTABLE;
// Armv8-A removes UNPREDICTABLE for R13

T1

1514131211109 8 7 6 5 4 3 2 1 015141312 11 10 9 8 76543210

[111011000[1/0]/0o] R2 | Rt [1 1 1 Jcoproc<0> opcl | CRm |
coproc<3:1>

1514131271910 9 8 7 6 5 4 3 2 1 015141312 11 10 9 g 76543210

|2 2 1/0/]2 2T 000[2[o[B] RE2 | R [T 1 1 [coproc<0=] opcl | CRm |
coproc<3:1>

T1

MCRR{<c>}{<g>} <coproc>, {#}<opcl>, <Rt>, <Rt2>, <CRm>

t = UInt(Rt); t2 = UInt(Rt2); cp = if coproc<@> == '0' then 14 else 15;
if t == 15 || t2 == 15 then UNPREDICTABLE;
// Armv8-A removes UNPREDICTABLE for R13

For more information about the CONSTRAINED UNPREDICTABLE behavior of this instruction, see Architectural Constraints
on UNPREDICTABLE behaviors.

Assembler Symbols

<c> See Standard assembler syntax fields.

<qg> See Standard assembler syntax fields.
<coproc> Is the System register encoding space, encoded in “coproc<0>":

coproc<0> <coproc>
0 pl4d
1 pl5
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<opcl> Is the opcl parameter within the System register encoding space, in the range 0 to 15, encoded in the

"opcl" field.
<Rt> Is the first general-purpose register that is transferred into, encoded in the "Rt" field.
<Rt2> Is the second general-purpose register that is transferred into, encoded in the "Rt2" field.
<CRm> Is the CRm parameter within the System register encoding space, in the range c0 to c15, encoded in

the "CRm" field.

The possible values of { <coproc>, <opcl>, <CRm> } encode the entire System register encoding space. Not all of
this space is allocated, and the System register descriptions identify the allocated encodings.

For the permitted uses of these instructions, as described in this manual, <Rt2> transfers bits[63:32] of the selected
System register, while <Rt> transfers bits[31:0].

Operation

if ConditionPassed() then
EncodingSpecificOperations();
value = R[t2]:R[t];
AArch32.SysRegWrite64(cp, ThisInstr(), value);
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MRC

Move to general-purpose register from System register. This instruction copies the value of a System register to a
general-purpose register.

The System register descriptions identify valid encodings for this instruction. Other encodings are UNDEFINED. For
more information see About the AArch32 System register interface and General behavior of System registers.

In an implementation that includes EL2, MRC accesses to system control registers can be trapped to Hyp mode,
meaning that an attempt to execute an MRC instruction in a Non-secure mode other than Hyp mode, that would be
permitted in the absence of the Hyp trap controls, generates a Hyp Trap exception. For more information, see EL2
configurable instruction enables, disables, and traps.

Because of the range of possible traps to Hyp mode, the MRC pseudocode does not show these possible traps.

It has encodings from the following instruction sets: A32 (Al ) and T32 (T1).

Al

31 30 29 28 27 26 25 24 23 22 21 2019 18 17 16 15141312 11 10 9 8 7 6 54 3 2 10

| '=1111 |1 1 1 0] opcl [1] CRn | Rt [1 1 1 [coproc<0> opc2 [1|] CRm |
cond coproc<3:1>

Al

MRC{<c>}{<q>} <coproc>, {#}<opcl>, <Rt>, <CRn>, <CRm>{, {#}<opc2>}

t = nt(Rt); cp = if coproc<@> == '0' then 14 else 15;
// A 8 A removes UNPREDICTABLE for R13
Tl
1514131211109 8 7 6 5 4 3 2 1 01514131211 10 9 8 76543210
111011 10[o0pcl 1] CRN | Rt [1 1 1 Jcoproc<0> opc2 [1|] CRm |
coproc<3:1>
1514131271910 9 8 7 6 5 4 3 2 1 015141312 11 10 9 76543210
|2 3 1/0]/2 12 1 0] epex [2] ERn | Rt IlllleepFee<O>lepez|l|GRm|
coproc<3:1>
T1

MRC{<c>}{<g>} <coproc>, {#}<opcl>, <Rt>, <CRn>, <CRm>{, {#}<opc2>}

t = nt(Rt); cp = if coproc<0> == '0' then 14 else 15;
// A 8 A removes UNPREDICTABLE for R13

Assembler Symbols

<c> See Standard assembler syntax fields.

<qg> See Standard assembler syntax fields.

<coproc> Is the System register encoding space, encoded in “coproc<0>":

coproc<0> <coproc>

0 plad
1 pl5
<opcl> Is the opcl parameter within the System register encoding space, in the range 0 to7, encoded in the
"opcl" field.
<Rt> Is the general-purpose register to be transferred or APSR nzcv (encoded as 0b1111), encoded in the

"Rt" field. If APSR nzcv is used, bits [31:28] of the transferred value are written to the PSTATE
condition flags.
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<CRn> Is the CRn parameter within the System register encoding space, in the range c0 to c15, encoded in the

"CRn" field.

<CRm> Is the CRm parameter within the System register encoding space, in the range c0 to c15, encoded in
the "CRm" field.

<opc2> Is the opc2 parameter within the System register encoding space, in the range 0 to7, encoded in the
"opc2" field.

The possible values of { <coproc>, <opcl>, <CRn>, <CRm>, <opc2> } encode the entire System register and
System instruction encoding space. Not all of this space is allocated, and the System register and System instruction
descriptions identify the allocated encodings.

Operation

if ConditionPassed() then

EncodingSpecificOperations();

bits(32) value = AArch32.SysRegRead(cp, ThisInstr());

if t !'= 15 then
R[t] = value;

elsif AArch32.SysRegReadCanWriteAPSR(cp, ThisInstr()) then
PSTATE.<N,Z,C,V> = value<31:28>;
// value<27:0> are not used.

else

UNPREDICTABLE; ————PSTATE <N Z;C;-\/>=bits(4) UNKNOWN;
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MRRC

Move to two general-purpose registers from System register. This instruction copies the value of a System register to
two general-purpose registers.

The System register descriptions identify valid encodings for this instruction. Other encodings are UNDEFINED. For
more information see About the AArch32 System register interface and General behavior of System registers.

In an implementation that includes EL2, MRRC accesses to System registers can be trapped to Hyp mode, meaning that
an attempt to execute an MRRC instruction in a Non-secure mode other than Hyp mode, that would be permitted in the
absence of the Hyp trap controls, generates a Hyp Trap exception. For more information, see EL2 configurable
instruction enables, disables, and traps.

Because of the range of possible traps to Hyp mode, the MRRC pseudocode does not show these possible traps.

It has encodings from the following instruction sets: A32 (Al ) and T32 (T1).

Al

31 30 29 28 27 26 25 24 23 22 21 2019 18 17 16 15141312 11 10 9 8 7 6 54 3 2 10

| '=1111 |1 1 0 0 of1|of1] R2 [ Rt [1 1 1 [coproc<O0> opcl | CRm |
cond coproc<3:1>

Al

MRRC{<c>}{<q>} <coproc>, {#}<opcl>, <Rt>, <Rt2>, <CRm>

t = UInt(Rt); t2 = UInt(Rt2); cp = if coproc<0> == '0Q' then 14 else 15;
if t == 15 || t2 == 15 || t == t2 then UNPREDICTABLE; // Armv8-A removes UNPREDICTABLE for R13

CONSTRAINED UNPREDICTABLE behavior

If t == t2, then one of the following behaviors must occur:

¢ The instruction is UNDEFINED.
¢ The instruction executes as NOP.
¢ The value in the destination register is UNKNOWN.

Tl

1514131211109 8 7 6 5 4 3 2 1 01514131211 10 9 8 76543210

l111011000][1/0of2] R2 | Rt [1 1 1 [coproc<0> opcl | CRm |
coproc<3:1>

1514333271109 8 7 6 5 4 3 2 1 015314331211 10 9 8 765432108

|2 32 2/0/2 32 000[2[0]x] R2 | Rt [3 3 1 |coproc<O> opel | CRm |
coproc<3:l>

T1

MRRC{<c>}{<q>} <coproc>, {#}<opcl>, <Rt>, <Rt2>, <CRm>

t = UInt(Rt); t2 = UInt(Rt2); «cp = if coproc<0> == '0Q' then 14 else 15;
if t == 15 || t2 == 15 || t == t2 then UNPREDICTABLE; // Armv8-A removes UNPREDICTABLE for R13

CONSTRAINED UNPREDICTABLE behavior

If t == t2, then one of the following behaviors must occur:
¢ The instruction is UNDEFINED.

¢ The instruction executes as NOP.
¢ The value in the destination register is UNKNOWN.
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For more information about the CONSTRAINED UNPREDICTABLE behavior of this instruction, see Architectural Constraints
on UNPREDICTABLE behaviors.

Assembler Symbols

<c> See Standard assembler syntax fields.

<q> See Standard assembler syntax fields.

<coproc> Is the System register encoding space, encoded in “coproc<0>":

coproc<0> <coproc>

0 pla
1 pl5
<opcl> Is the opcl parameter within the System register encoding space, in the range 0 to 15, encoded in the
"opcl" field.
<Rt> Is the first general-purpose register that is transferred into, encoded in the "Rt" field.
<Rt2> Is the second general-purpose register that is transferred into, encoded in the "Rt2" field.
<CRm> Is the CRm parameter within the System register encoding space, in the range c0 to c15, encoded in

the "CRm" field.

The possible values of { <coproc>, <opcl>, <CRm> } encode the entire System register encoding space. Not all of
this space is allocated, and the System register descriptions identify the allocated encodings.

For the permitted uses of these instructions, as described in this manual, <Rt2> transfers bits[63:32] of the selected
System register, while <Rt> transfers bits[31:0].

Operation

if ConditionPassed() then
EncodingSpecificOperations();
value = AArch32.SysRegRead64(cp, ThisInstr());
R[t] = value<31:0>;
R[t2] = value<63:32>;

Internal version only: isa vO1 09%01-06, pseudocode v8r-00bet0 rc1-199-g1970297%2019-12re3-1, sve v2020-03 rc1¥#2019-12 re3 ; Build timestamp:
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PKHBT, PKHTB

Pack Halfword combines one halfword of its first operand with the other halfword of its shifted second operand.

It has encodings from the following instruction sets: A32 (Al ) and T32 (T1).

Al

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
[ '=1111 0o 1 1 0 1 0 0 O] Rn | Rd | imm5 [tb[ 0 1] Rm |
cond

PKHBT (tb == 0)
PKHBT{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, LSL #<imm>}
PKHTB (tb == 1)

PKHTB{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, ASR #<imm>}

d = UInt(Rd); n = UInt(Rn); m = UInt(Rm); tbform = (tb == '1"');
(shift t, shift n) = DecodeImmShift(tb:'Q', imm5);
if d == 15 || n == 15 || m == 15 then UNPREDICTABLE;

Tl

15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0 1514 13121110 9 8 7 6 5 4 3 2 1 O

1 1 1 01 0 1[0 1 1 0][0] Rn [(0)] imm3 | Rd limm2]tb| 0 | Rm |
S T

PKHBT (tb == 0)
PKHBT{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, LSL #<imm>} // (tbform == FALSE)
PKHTB (tb == 1)

PKHTB{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, ASR #<imm>} // (tbform == TRUE)

if S=="'1'" || T == "'1" then UNDEFINED;

d = UInt(Rd); n = UInt(Rn); m = UInt(Rm); tbform = (tb == '1");

(shift _t, shift n) = DecodeImmShift(tb:'0', imm3:imm2);

if d =15 || n == 15 || m == 15 then UNPREDICTABLE; // Armv8-A removes UNPREDICTABLE for R13

For more information about the CONSTRAINED UNPREDICTABLE behavior of this instruction, see Architectural Constraints
on UNPREDICTABLE behaviors.

Assembler Symbols

<c> See Standard assembler syntax fields.

<q> See Standard assembler syntax fields.

<Rd> Is the general-purpose destination register, encoded in the "Rd" field.

<Rn> Is the first general-purpose source register, encoded in the "Rn" field.

<Rm> Is the second general-purpose source register, encoded in the "Rm" field.

<imm> For encoding A1: the shift to apply to the value read from <Rm>, encoded in the "imm5" field.Is-ene-of:

For PKHBT, it is one of:
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Operation

omitted
No shift, encoded as 0b00000.

1-31
Left shift by specified number of bits, encoded as a binary number.

For PKHTB, it is one of:

omitted
Instruction is a pseudo-instruction and is assembled as though PKHBT{<c>}{<qg>} <Rd>, <Rm>,
<Rn> had been written.

1-32
Arithmetic right shift by specified number of bits. A shift by 32 bits is encoded as 0b00000. Other
shift amounts are encoded as binary numbers.

An assembler can permit <imm> = 0 to mean the same thing as omitting the shift, but this is not
standard UAL and must not be used for disassembly.

For encoding T1AZ: the shift to apply to the value read from <Rm>, encoded in the "imm3:imm?2immSs'
field.-Is-ene-of:

For PKHBT, it is one of:

omitted
No shift, encoded as 0b00000.

1-31
Left shift by specified number of bits, encoded as a binary number.

For PKHTB, it is one of:

omitted
Instruction is a pseudo-instruction and is assembled as though PKHBT{<c>}{<g>} <Rd>, <Rm>,
<Rn> had been written.

1-32
Arithmetic right shift by specified number of bits. A shift by 32 bits is encoded as 0b00000. Other
shift amounts are encoded as binary numbers.

An assembler can permit <imm> = 0 to mean the same thing as omitting the shift, but this is not
standard UAL and must not be used for disassembly.

if ConditionPassed() then

EncodingSpecificOperations();
operand2 = Shift(R[m], shift t, shift n, PSTATE.C); // PSTATE.C ignored

R[d]<15:0>
R[d]<31:16>

if tbform then operand2<15:0> else R[n]<15:0>;
if tbform then R[n]<31:16> else operand2<31:16>;
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Operational information

If CPSR.DIT is 1, this instruction has passed its condition execution check, and does not use R15 as either its source or
destination:
¢ The execution time of this instruction is independent of:
o The values of the data supplied in any of its registers.
o The values of the NZCV flags.
* The response of this instruction to asynchronous exceptions does not vary based on:
o The values of the data supplied in any of its registers.
o The values of the NZCV flags.
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STR (immediate)

Store Register (immediate) calculates an address from a base register value and an immediate offset, and stores a
word from a register to memory. It can use offset, post-indexed, or pre-indexed addressing. For information about

memory accesses see Memory accesses.

This instruction is used by the alias PUSH (single register).

It has encodings from the following instruction sets: A32 (Al )and T32 (T1,T2,T3 and T4) .

Al
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2
[ '=1111 Jo 1 o[PJujo[w]|o] Rn | Rt | imm12

cond

Offset (P == 1 && W == 0)
STR{<c>}{<q>} <Rt>, [<Rn> {, #{+/-}<imm>}]
Post-indexed (P == 0 && W == 0)
STR{<c>}{<g>} <Rt>, [<Rn>], #{+/-}<imm>
Pre-indexed (P == 1 && W == 1)

STR{<c>}{<g>} <Rt>, [<Rn>, #{+/-}<imm>]!

if P=="'0"' & W = 1 then SEE "STRT";

= UInt(Rt); n t(Rn); imm32 = ZeroExtend(imml2, 32);
index = ( =='l) add (U=="1"); wback = (P == "'0") [| (W=="1");
if wback & (n == 15 || n == t) then UNPREDICTABLE;

CONSTRAINED UNPREDICTABLE behavior

If wback & n == t, then one of the following behaviors must occur:

¢ The instruction is UNDEFINED.
¢ The instruction executes as NOP.
¢ The store instruction executes but the value stored is UNKNOWN.

If wback && n == 15, then one of the following behaviors must occur:
The instruction is UNDEFINED.

¢ The instruction executes as NOP.
¢ The instruction executes without writeback of the base address.

The instruction uses the addressing mode described in the equivalent immediate offset instruction.

T1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
101 1]/0]0] imm5 | Rn | Rt |
T1

STR{<c>}{<g>} <Rt>, [<Rn> {, #{+}<imm>}]

t nt(Rt); n = U (Rn), imm32 = ZeroExtend(imm5:'00', 32);
1ndex = TRUE; add = TRUE; wback = FALSE;

STR (immediate)
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T2

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
[1 0 0 1]0] Rt | imm8

T2

STR{<c>}{<g>} <Rt>, [SP{, #{+}<imm>}]

t = UInt(Rt); n = 13; 1imm32 = ZeroExtend(imm8:'00', 32);
index = TRUE; add = TRUE; wback = FALSE;

T3
1514 13121110 9 8 7 6 5 4 3 2 1 0 1514 13121110 9 8 7 6 5 4 3 2 1 O
[1 1111000 1|1 0f[0] !'=1111 | Rt | imm12
Rn
T3

STR{<c>}.W <Rt>, [<Rn> {, #{+}<imm>}] // (<Rt>, <Rn>, <imm> can be represented in Tl or T2)
STR{<c>}{<g>} <Rt>, [<Rn> {, #{+}<imm>}]

if Rn == '1111' then UNDEFINED;

t = UInt(Rt); n = UInt(Rn); imm32 = ZeroExtend(imml2, 32);
index = TRUE; add = TRUE; wback = FALSE;

if t == 15 then UNPREDICTABLE;

CONSTRAINED UNPREDICTABLE behavior

If t == 15, then one of the following behaviors must occur:

¢ The instruction is UNDEFINED.

¢ The instruction executes as NOP.

¢ The store instruction performs the store using the specified addressing mode but the value corresponding to
R15 is UNKNOWN.

T4
15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0 151413121110 9 8 7 6 5 4 3 2 1 O
/1 1 111000 0[1 0o[0] '=1111 | Rt [1]P|UW]| imm8

Rn

Offset (P == 1 && U == 0 && W == 0)

STR{<c>}{<qg>} <Rt>, [<Rn> {, #-<imm>}]

Post-indexed (P == 0 && W == 1)

STR{<c>}{<gq>} <Rt>, [<Rn>], #{+/-}<imm>

Pre-indexed (P == 1 && W == 1)

STR{<c>}{<g>} <Rt>, [<Rn>, #{+/-}<imm>]!

ifP=="1"& U=="1" & W == '0' then SEE "STRT";

if Rn == '1111" || (P == '0' & W == '0') then UNDEFINED;
t = UInt(Rt); n = UInt(Rn); imm32 = ZeroExtend(imm8, 32);
index = (P == '1"'); add = (U == "'1"'); wback = (W=="1");

if t == 15 || (wback & n == t) then UNPREDICTABLE;
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CONSTRAINED UNPREDICTABLE behavior

If wback && n == t, then one of the following behaviors must occur:

¢ The instruction is UNDEFINED.
¢ The instruction executes as NOP.
¢ The store instruction executes but the value stored is UNKNOWN.

If wback && n == 15, then one of the following behaviors must occur:

The instruction is UNDEFINED.

The instruction executes as NOP.

The instruction executes without writeback of the base address.

The instruction uses the addressing mode described in the equivalent immediate offset instruction.

If t == 15, then one of the following behaviors must occur:

¢ The instruction is UNDEFINED.

¢ The instruction executes as NOP.

¢ The store instruction performs the store using the specified addressing mode but the value corresponding to
R15 is UNKNOWN.

For more information about the CONSTRAINED UNPREDICTABLE behavior of this instruction, see Architectural Constraints
on UNPREDICTABLE behaviors.

Assembler Symbols

<c>
<qg>

<Rt>

<Rn>

+/-

<imm>

See Standard assembler syntax fields.
See Standard assembler syntax fields.

For encoding Al: is the general-purpose register to be transferred, encoded in the "Rt" field. The PC
can be used, but this is deprecated.

For encoding T1, T2, T3 and T4: is the general-purpose register to be transferred, encoded in the "Rt"
field.

For encoding Al: is the general-purpose base register, encoded in the "Rn" field. The PC can be used in
the offset variant, but this is deprecated.

For encoding T1, T3 and T4: is the general-purpose base register, encoded in the "Rn" field.

Specifies the offset is added to or subtracted from the base register, defaulting to + if omitted and

encoded in “U”:

U 4
0 B

1]+

Specifies the offset is added to the base register.

For encoding A1l: is the 12-bit unsigned immediate byte offset, in the range 0 to 4095, defaulting to O if
omitted, and encoded in the "imm12" field.

For encoding T1: is the optional positive unsigned immediate byte offset, a multiple of 4, in the range 0
to 124, defaulting to 0 and encoded in the "immb5" field as <imm>/4.

For encoding T2: is the optional positive unsigned immediate byte offset, a multiple of 4, in the range 0
to 1020, defaulting to 0 and encoded in the "imm8" field as <imm>/4.

For encoding T3: is an optional 12-bit unsigned immediate byte offset, in the range 0 to 4095, defaulting
to 0 and encoded in the "imm12" field.

For encoding T4: is an 8-bit unsigned immediate byte offset, in the range 0 to 255, defaulting to 0 if
omitted, and encoded in the "imma8" field.

Alias Conditions

Alias of . Is preferred when
variant
PUSH Al (pre- P == '1l' & U == '0' & W == '1l' && Rn == '1101' && imml2 == '000000000100'
(single indexed)
register)
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of

Alias .
variant

Is preferred when

PUSH T4 (pre- Rn == '1101' & P == '1' & U == '0' & W ==

(single indexed)
register)

Operation

if CurrentlInstrSet() == InstrSet A32 then
if ConditionPassed() then
EncodingSpecificOperations();
offset addr = if add then (R[n] + imm32) else (R[n]
address = if index then offset addr else R[n];

MemU[address,4] = if t == 15 then PCStoreValue() else R[t];

if wback then R[n] = offset addr;
else
if ConditionPassed() then
EncodingSpecificOperations();
offset addr = if add then (R[n] + imm32) else (R[n]
address = if index then offset addr else R[n];
MemU[address,4] = R[t];
if wback then R[n] = offset addr;

Operational information

'1' & imm8 == '00000100'

- imm32);

- imm32);

If CPSR.DIT is 1, the timing of this instruction is insensitive to the value of the data being loaded or stored.

Internal version only: isa vO1 09%#01-06, pseudocode v8r-00bet0 rc1-199-g1970297%2019-12re3-1, sve v2020-03 rc1¥#2019-12 re3 ; Build timestamp:

2020-04-15T122019-12-12T17:2134

Copyright © 2010-20202810-2019 Arm Limited or its affiliates. All rights reserved. This document is Non-Confidential.

(old) htmldiff from-

STR (immediate)

(new)
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AArch32 -- SIMD&FP Instructions (alphabetic order)

(old) htmldiff from- (new)

AArch32 -- SIMD&FP Instructions (alphabetic order)

AESD: AES single round decryption.

AESE: AES single round encryption.

AESIMC: AES inverse mix columns.

AESMC: AES mix columns.

FLDM*X (FLDMDBX, FLDMIAX): FLDM*X.

FSTMDBX, FSTMIAX: FSTMX.

SHA1C: SHA1 hash update (choose).

SHA1H: SHA1 fixed rotate.

SHA1M: SHA1 hash update (majority).

SHA1P: SHA1 hash update (parity).

SHA1SUO: SHA1 schedule update 0.

SHA1SU1: SHA1 schedule update 1.

SHA256H: SHA256 hash update part 1.

SHA256H2: SHA256 hash update part 2.

SHA256SUO0: SHA256 schedule update 0.

SHA256SU1: SHA256 schedule update 1.

VABA: Vector Absolute Difference and Accumulate.

VABAL.: Vector Absolute Difference and Accumulate Long.
VABD (floating-point): Vector Absolute Difference (floating-point).
VABD (integer): Vector Absolute Difference (integer).

VABDL (integer): Vector Absolute Difference Long (integer).
VABS: Vector Absolute.

VACGE: Vector Absolute Compare Greater Than or Equal.
VACGT: Vector Absolute Compare Greater Than.

VACLE: Vector Absolute Compare Less Than or Equal: an alias of VACGE.
VACLT: Vector Absolute Compare Less Than: an alias of VACGT.
VADD (floating-point): Vector Add (floating-point).

VADD (integer): Vector Add (integer).

VADDHN: Vector Add and Narrow, returning High Half.
VADDL: Vector Add Long.

VADDW: Vector Add Wide.

VAND (immediate): Vector Bitwise AND (immediate): an alias of VBIC (immediate).

VAND (register): Vector Bitwise AND (register).
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VBIC (immediate): Vector Bitwise Bit Clear (immediate).

VBIC (register): Vector Bitwise Bit Clear (register).

VBIF: Vector Bitwise Insert if False.

VBIT: Vector Bitwise Insert if True.

VBSL: Vector Bitwise Select.

VCADD: Vector Complex Add.

VCEQ (immediate #0): Vector Compare Equal to Zero.

VCEQ (register): Vector Compare Equal.

VCGE (immediate #0): Vector Compare Greater Than or Equal to Zero.

VCGE (register): Vector Compare Greater Than or Equal.

VCGT (immediate #0): Vector Compare Greater Than Zero.

VCGT (register): Vector Compare Greater Than.

VCLE (immediate #0): Vector Compare Less Than or Equal to Zero.

VCLE (register): Vector Compare Less Than or Equal: an alias of VCGE (register).

VCLS: Vector Count Leading Sign Bits.

VCLT (immediate #0): Vector Compare Less Than Zero.

VCLT (register): Vector Compare Less Than: an alias of VCGT (register).

VCLZ: Vector Count Leading Zeros.

VCMLA: Vector Complex Multiply Accumulate.

VCMLA (by element): Vector Complex Multiply Accumulate (by element).

VCMP: Vector Compare.

VCMPE: Vector Compare, raising Invalid Operation on NaN.

VCNT: Vector Count Set Bits.

VCVT (between double-precision and single-precision): Convert between double-precision and single-precision.
VCVT (between floating-point and fixed-point, Advanced SIMD): Vector Convert between floating-point and fixed-point.
VCVT (between floating-point and fixed-point, floating-point): Convert between floating-point and fixed-point.
VCVT (between floating-point and integer, Advanced SIMD): Vector Convert between floating-point and integer.

VCVT (between half-precision and single-precision, Advanced SIMD): Vector Convert between half-precision and
single-precision.

VCVT (floating-point to integer, floating-point): Convert floating-point to integer with Round towards Zero.
VCVT (from single-precision to BFloat16, Advanced SIMD): Vector Convert from single-precision to BFloat16.
VCVT (integer to floating-point, floating-point): Convert integer to floating-point.

VCVTA (Advanced SIMD): Vector Convert floating-point to integer with Round to Nearest with Ties to Away.
VCVTA (floating-point): Convert floating-point to integer with Round to Nearest with Ties to Away.

VCVTB: Convert to or from a half-precision value in the bottom half of a single-precision register.

VCVTB (BFloat16): Converts from a single-precision value to a BFloat16 value in the bottom half of a single-precision
register.
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VCVTM (Advanced SIMD): Vector Convert floating-point to integer with Round towards -Infinity.
VCVTM (floating-point): Convert floating-point to integer with Round towards -Infinity.

VCVTN (Advanced SIMD): Vector Convert floating-point to integer with Round to Nearest.
VCVTN (floating-point): Convert floating-point to integer with Round to Nearest.

VCVTP (Advanced SIMD): Vector Convert floating-point to integer with Round towards +Infinity.
VCVTP (floating-point): Convert floating-point to integer with Round towards +Infinity.

VCVTR: Convert floating-point to integer.

VCVTT: Convert to or from a half-precision value in the top half of a single-precision register.

VCVTT (BFloat16): Converts from a single-precision value to a BFloat16 value in the top half of a single-precision
register..

VDIV: Divide.

VDOT (by element): BFloat16 floating-point indexed dot product (vector, by element).

VDOT (vector): BFloatl16 floating-point (BF16) dot product (vector).

VDUP (general-purpose register): Duplicate general-purpose register to vector.

VDUP (scalar): Duplicate vector element to vector.

VEOR: Vector Bitwise Exclusive OR.

VEXT (byte elements): Vector Extract.

VEXT (multibyte elements): Vector Extract: an alias of VEXT (byte elements).

VFMA: Vector Fused Multiply Accumulate.

VFMAB, VFMAT (BFloat16, by scalar): BFloat16 floating-point widening multiply-add long (by scalar).
VFMAB, VFMAT (BFloat16, vector): BFloat16 floating-point widening multiply-add long (vector).
VEMAL (by scalar): Vector Floating-point Multiply-Add Long to accumulator (by scalar).

VFMAL (vector): Vector Floating-point Multiply-Add Long to accumulator (vector).

VFMS: Vector Fused Multiply Subtract.

VEMSL. (by scalar): Vector Floating-point Multiply-Subtract Long from accumulator (by scalar).
VFMSL (vector): Vector Floating-point Multiply-Subtract Long from accumulator (vector).

VFNMA: Vector Fused Negate Multiply Accumulate.

VFNMS: Vector Fused Negate Multiply Subtract.

VHADD: Vector Halving Add.

VHSUB: Vector Halving Subtract.

VINS: Vector move Insertion.

V]JCVT: Javascript Convert to signed fixed-point, rounding toward Zero.

VLDI1 (multiple single elements): Load multiple single 1-element structures to one, two, three, or four registers.
VLDI1 (single element to all lanes): Load single 1-element structure and replicate to all lanes of one register.
VLDI1 (single element to one lane): Load single 1-element structure to one lane of one register.

VLD2 (multiple 2-element structures): Load multiple 2-element structures to two or four registers.

Page 34



AArch32 -- SIMD&FP Instructions (alphabetic order)

VLD2 (single 2-element structure to all lanes): Load single 2-element structure and replicate to all lanes of two
registers.

VLD2 (single 2-element structure to one lane): Load single 2-element structure to one lane of two registers.
VLD3 (multiple 3-element structures): Load multiple 3-element structures to three registers.

VLD3 (single 3-element structure to all lanes): Load single 3-element structure and replicate to all lanes of three
registers.

VLD3 (single 3-element structure to one lane): Load single 3-element structure to one lane of three registers.
VLD4 (multiple 4-element structures): Load multiple 4-element structures to four registers.

VLD4 (single 4-element structure to all lanes): Load single 4-element structure and replicate to all lanes of four
registers.

VLD4 (single 4-element structure to one lane): Load single 4-element structure to one lane of four registers.
VLDM, VLDMDB, VLDMIA: Load Multiple SIMD&FP registers.
VLDR (immediate): Load SIMD&FP register (immediate).

VLDR (literal): Load SIMD&FP register (literal).

VMAX (floating-point): Vector Maximum (floating-point).

VMAX (integer): Vector Maximum (integer).

VMAXNM: Floating-point Maximum Number.

VMIN (floating-point): Vector Minimum (floating-point).

VMIN (integer): Vector Minimum (integer).

VMINNM: Floating-point Minimum Number.

VMLA (by scalar): Vector Multiply Accumulate (by scalar).
VMLA (floating-point): Vector Multiply Accumulate (floating-point).
VMLA (integer): Vector Multiply Accumulate (integer).

VMLAL (by scalar): Vector Multiply Accumulate Long (by scalar).
VMLAL (integer): Vector Multiply Accumulate Long (integer).
VMLS (by scalar): Vector Multiply Subtract (by scalar).

VMLS (floating-point): Vector Multiply Subtract (floating-point).
VMLS (integer): Vector Multiply Subtract (integer).

VMLSL (by scalar): Vector Multiply Subtract Long (by scalar).
VMLSL (integer): Vector Multiply Subtract Long (integer).
VMMLA: BFloat16 floating-point matrix multiply-accumulate.

VMOV (between general-purpose register and half-precision): Copy 16 bits of a general-purpose register to or from a
32-bit SIMD&FP register.

VMOV (between general-purpose register and single-precision): Copy a general-purpose register to or from a 32-bit
SIMD&FP register.

VMOV (between two general-purpose registers and a doubleword floating-point register): Copy two general-purpose
registers to or from a SIMD&FP register.

VMOV (between two general-purpose registers and two single-precision registers): Copy two general-purpose
registers to a pair of 32-bit SIMD&FP registers.

VMOV (general-purpose register to scalar): Copy a general-purpose register to a vector element.
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VMOV (immediate): Copy immediate value to a SIMD&FP register.

VMOV (register): Copy between FP registers.

VMOV (register, SIMD): Copy between SIMD registers: an alias of VORR (register).

VMOV (scalar to general-purpose register): Copy a vector element to a general-purpose register with sign or zero

extension.

VMOVL: Vector Move Long.

VMOVN: Vector Move and Narrow.

VMOVX: Vector Move extraction.

VMRS: Move SIMD&FP Special register to general-purpose register.
VMSR: Move general-purpose register to SIMD&FP Special register.
VMUL (by scalar): Vector Multiply (by scalar).

VMUL (floating-point): Vector Multiply (floating-point).

VMUL (integer and polynomial): Vector Multiply (integer and polynomial).
VMULL (by scalar): Vector Multiply Long (by scalar).

VMULL (integer and polynomial): Vector Multiply Long (integer and polynomial).
VMVN (immediate): Vector Bitwise NOT (immediate).

VMVN (register): Vector Bitwise NOT (register).

VNEG: Vector Negate.

VNMLA: Vector Negate Multiply Accumulate.

VNMLS: Vector Negate Multiply Subtract.

VNMUL: Vector Negate Multiply.

VORN (immediate): Vector Bitwise OR NOT (immediate): an alias of VORR (immediate).

VORN (register): Vector bitwise OR NOT (register).

VORR (immediate): Vector Bitwise OR (immediate).

VORR (register): Vector bitwise OR (register).

VPADAL: Vector Pairwise Add and Accumulate Long.

VPADD (floating-point): Vector Pairwise Add (floating-point).
VPADD (integer): Vector Pairwise Add (integer).

VPADDL: Vector Pairwise Add Long.

VPMAX (floating-point): Vector Pairwise Maximum (floating-point).
VPMAX (integer): Vector Pairwise Maximum (integer).

VPMIN (floating-point): Vector Pairwise Minimum (floating-point).

VPMIN (integer): Vector Pairwise Minimum (integer).

VPOP: Pop SIMD&FP registers from Stack: an alias of VLDM, VLDMDB, VLDMIA.

VPUSH: Push SIMD&FP registers to Stack: an alias of VSTM, VSTMDB, VSTMIA.
VQABS: Vector Saturating Absolute.

VQADD: Vector Saturating Add.
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VQDMLAL: Vector Saturating Doubling Multiply Accumulate Long.

VQDMLSL: Vector Saturating Doubling Multiply Subtract Long.

VQDMULH: Vector Saturating Doubling Multiply Returning High Half.

VQDMULL: Vector Saturating Doubling Multiply Long.

VQMOVN, VQMOVUN: Vector Saturating Move and Narrow.

VQNEG: Vector Saturating Negate.

VQRDMLAH: Vector Saturating Rounding Doubling Multiply Accumulate Returning High Half.
VQRDMLSH: Vector Saturating Rounding Doubling Multiply Subtract Returning High Half.
VQRDMULH: Vector Saturating Rounding Doubling Multiply Returning High Half.

VQRSHL: Vector Saturating Rounding Shift Left.

VQRSHRN (zero): Vector Saturating Rounding Shift Right, Narrow: an alias of VQMOVN, VQMOVUN.
VQRSHRN, VQRSHRUN: Vector Saturating Rounding Shift Right, Narrow.

VQRSHRUN (zero): Vector Saturating Rounding Shift Right, Narrow: an alias of VQMOVN, VQMOVUN.
VQSHL (register): Vector Saturating Shift Left (register).

VQSHL, VQSHLU (immediate): Vector Saturating Shift Left (immediate).

VQSHRN (zero): Vector Saturating Shift Right, Narrow: an alias of VQMOVN, VQMOVUN.
VQSHRN, VQSHRUN: Vector Saturating Shift Right, Narrow.

VQSHRUN (zero): Vector Saturating Shift Right, Narrow: an alias of VQMOVN, VQMOVUN.
VQSUB: Vector Saturating Subtract.

VRADDHN: Vector Rounding Add and Narrow, returning High Half.

VRECPE: Vector Reciprocal Estimate.

VRECPS: Vector Reciprocal Step.

VREV16: Vector Reverse in halfwords.

VREV32: Vector Reverse in words.

VREV64: Vector Reverse in doublewords.

VRHADD: Vector Rounding Halving Add.

VRINTA (Advanced SIMD): Vector Round floating-point to integer towards Nearest with Ties to Away.
VRINTA (floating-point): Round floating-point to integer to Nearest with Ties to Away.
VRINTM (Advanced SIMD): Vector Round floating-point to integer towards -Infinity.

VRINTM (floating-point): Round floating-point to integer towards -Infinity.

VRINTN (Advanced SIMD): Vector Round floating-point to integer to Nearest.

VRINTN (floating-point): Round floating-point to integer to Nearest.

VRINTP (Advanced SIMD): Vector Round floating-point to integer towards +Infinity.

VRINTP (floating-point): Round floating-point to integer towards +Infinity.

VRINTR: Round floating-point to integer.

VRINTX (Advanced SIMD): Vector round floating-point to integer inexact.
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VRINTX (floating-point): Round floating-point to integer inexact.

VRINTZ (Advanced SIMD): Vector round floating-point to integer towards Zero.

VRINTZ (floating-point): Round floating-point to integer towards Zero.

VRSHL: Vector Rounding Shift Left.

VRSHR: Vector Rounding Shift Right.

VRSHR (zero): Vector Rounding Shift Right: an alias of VORR (register).

VRSHRN: Vector Rounding Shift Right and Narrow.

VRSHRN (zero): Vector Rounding Shift Right and Narrow: an alias of VMOVN.

VRSQRTE: Vector Reciprocal Square Root Estimate.

VRSQRTS: Vector Reciprocal Square Root Step.

VRSRA: Vector Rounding Shift Right and Accumulate.

VRSUBHN: Vector Rounding Subtract and Narrow, returning High Half.

VSDOT (by element): Dot Product index form with signed integers..

VSDOT (vector): Dot Product vector form with signed integers..

VSELEQ, VSELGE, VSELGT, VSELVS: Floating-point conditional select.

VSHL (immediate): Vector Shift Left (immediate).

VSHL (register): Vector Shift Left (register).

VSHLL: Vector Shift Left Long.

VSHR: Vector Shift Right.

VSHR (zero): Vector Shift Right: an alias of VORR (register).

VSHRN: Vector Shift Right Narrow.

VSHRN (zero): Vector Shift Right Narrow: an alias of VMOVN.

VSLI: Vector Shift Left and Insert.

VSMMLA: Widening 8-bit signed integer matrix multiply-accumulate into 2x2 matrix.

VSQRT: Square Root.

VSRA: Vector Shift Right and Accumulate.

VSRI: Vector Shift Right and Insert.

VST1 (multiple single elements): Store multiple single elements from one, two, three, or four registers.
VST1 (single element from one lane): Store single element from one lane of one register.

VST2 (multiple 2-element structures): Store multiple 2-element structures from two or four registers.
VST2 (single 2-element structure from one lane): Store single 2-element structure from one lane of two registers.
VST3 (multiple 3-element structures): Store multiple 3-element structures from three registers.

VST3 (single 3-element structure from one lane): Store single 3-element structure from one lane of three registers.
VST4 (multiple 4-element structures): Store multiple 4-element structures from four registers.

VST4 (single 4-element structure from one lane): Store single 4-element structure from one lane of four registers.

VST4 (single 4-element structure from one lane): Store single 4-element structure from one lane of four registers.

Page 38



AArch32 -- SIMD&FP Instructions (alphabetic order)

VSTM, VSTMDB, VSTMIA: Store multiple SIMD&FP registers.

VSTR: Store SIMD&FP register.

VSUB (floating-point): Vector Subtract (floating-point).

VSUB (integer): Vector Subtract (integer).

VSUBHN: Vector Subtract and Narrow, returning High Half.

VSUBL: Vector Subtract Long.

VSUBW: Vector Subtract Wide.

VSUDOT (by element): Dot Product index form with signed and unsigned integers (by element).
VSWP: Vector Swap.

VTBL, VTBX: Vector Table Lookup and Extension.

VTRN: Vector Transpose.

VTST: Vector Test Bits.

VUDOT (by element): Dot Product index form with unsigned integers..

VUDOT (vector): Dot Product vector form with unsigned integers..

VUMMLA: Widening 8-bit unsigned integer matrix multiply-accumulate into 2x2 matrix.
VUSDOT (by element): Dot Product index form with unsigned and signed integers (by element).
VUSDOT (vector): Dot Product vector form with mixed-sign integers.

VUSMMLA: Widening 8-bit mixed integer matrix multiply-accumulate into 2x2 matrix.
VUZP: Vector Unzip.

VUZP (alias): Vector Unzip: an alias of VTRN.

VZIP: Vector Zip.

VZIP (alias): Vector Zip: an alias of VTRN.
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VFMAL (by scalar)

Vector Floating-point Multiply-Add Long to accumulator (by scalar). This instruction multiplies the vector elements in
the first source SIMD&FP register by the specified value in the second source SIMD&FP register, and accumulates the
product to the corresponding vector element of the destination SIMD&FP register. The instruction does not round the
result of the multiply before the accumulation.

Depending on settings in the CPACR, NSACR, HCPTR, and FPEXC registers, and the Security state and PE mode in
which the instruction is executed, an attempt to execute the instruction might be UNDEFINED, or trapped to Hyp mode.
For more information see Enabling Advanced SIMD and floating-point support.

In Armv8.2 and Armv8.3, this is an OPTIONAL instruction. From Armv8.4 it is mandatory for all implementations to
support it.

ID ISAR6.FHM indicates whether this instruction is supported.

It has encodings from the following instruction sets: A32 (Al ) and T32 (T1).

Al
(Armv8.2)
31 30292827 26252423222120191817161514131211109 8 7 6 5 4 3 2 1 O
[1 111111 0[0|[D|[0]O] Vn | vd [1 0 0 O|[N[Q[M[1] Vm |
S
313020282726252423222120319181716151413121110 9 8 7 6 5 4 3 2 1 0O
/2 2 1 11110(0/Bblo|g] Va | vd [2/0/0|0|N|QM[T] Vm |
S
64-bit SIMD vector (Q == 0)
VFMAL{<qg>}.F16 <Dd>, <Sn>, <Sm>[<index>]
128-bit SIMD vector (Q == 1)
VFMAL{<qgq>}.F16 <Qd>, <Dn>, <Dm>[<index>]
if !'HaveFP16MulNoRoundingToFP32Ext() then UNDEFINED;
if Q == '1' && Vd<0> == '1' then UNDEFINED;
integer d = UInt(D:Vd);
integer n = if Q == '1' then UInt(N:Vn) else UInt(Vn:N);
integer m = if Q == '1' then UInt(Vm<2:0>) else UInt(Vm<2:0>:M);
integer index = if Q == '1' then UInt(M:Vm<3>) else UInt(Vm<3>);
integer esize = 32;
integer regs = if Q=='1' then 2 else 1;
integer datasize = if Q=='1' then 64 else 32;
boolean sub op = S=='1";
T1
(Armv8.2)
1514131211109 8 7 6 5 4 3 2 1 01514131211109 8 7 6 5 4 3 2 1 0
[1 111111 0[0o|[D|[0]|O] Vn | vd [1 0 0 O|[N[Q[M[1] Vm |
S
1514331211109 8 7 6 5 4 3 2 1 ©0153141331211109 8 7 6 5 4 3 2 1 0O
/2T 1 11111 0[0/p[o]og] Va | vd [T]/o/0|/0|N[Q|M|T] Vm |

s
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64-bit SIMD vector (Q == 0)

VFMAL{<qg>}.F16 <Dd>, <Sn>, <Sm>[<index>]

128-bit SIMD vector (Q == 1)

VFMAL{<g>}.F16 <Qd>, <Dn>, <Dm>[<index>]

if InITBlock() then UNPREDICTABLE;
if !'HaveFP16MulNoRoundingToFP32Ext() then UNDEFINED;

if Q == '1' && Vd<0> == '1' then UNDEFINED;

integer d = UInt(D:Vd);

integer n = if Q == '1' then UInt(N:Vn) else UInt(Vn:N);

integer m = if Q == '1' then UInt(Vm<2:0>) else UInt(Vm<2:0>:M);
integer index = if Q == '1' then UInt(M:Vm<3>) else UInt(Vm<3>);
integer esize = 32;

integer regs = if Q=='1' then 2 else 1;
integer datasize = if Q=='1' then 64 else 32;
boolean sub op = S=='1";

Assembler Symbols

<q> See Standard assembler syntax fields.

<Qd> Is the 128-bit name of the SIMD&FP destination register, encoded in the "D:Vd" field as <Qd>*2.

<Dn> Is the 64-bit name of the first SIMD&FP source register, encoded in the "N:Vn" field.

<Dm> Is the 64-bit name of the second SIMD&FP source register, encoded in the "Vm<2:0>" field.

<Dd> Is the 64-bit name of the SIMD&FP destination register, encoded in the "D:Vd" field.

<Sn> Is the 32-bit name of the first SIMD&FP source register, encoded in the "Vn:N" field.

<Sm> Is the 32-bit name of the second SIMD&FP source register, encoded in the "Vm<2:0>:M" field.

<index> Eofdthe 64-bit SIMD vector variant: is the element index in the range 0 to 1, encoded in the "Vm<3>"
eld.

For the 128-bit SIMD vector variant: is the element index in the range 0 to 3, encoded in the
"M:Vm<3>" field.

Operation

CheckAdvSIMDEnabled();
bits(datasize) operandl ;
bits(datasize) operand2 ;
bits(64) operand3;

bits(64) result;

bits(esize DIV 2) elementl;
bits(esize DIV 2) element2;

if Q=='0"' then
operandl
operand2
else
operandl = D[n]<datasize-1:0>;
operand2 = D[m]<datasize-1:0>;
element2 = Elem[operand2, index, esize DIV 2];
for r = 0 to regs-1
operand3 = D[d+r];
for e =0 to 1
elementl = Elem[operandl, 2*r+e, esize DIV 2];
if sub _op then elementl = FPNeg(elementl);
Elem[result, e, esize] = FPMulAddH(Elem[operand3, e, esize], elementl, element2, StandardFPSCRVa!
D[d+r] = result;

S[n]l<datasize-1:0>;
S[m]l<datasize-1:0>;
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VFMSL (by scalar)

Vector Floating-point Multiply-Subtract Long from accumulator (by scalar). This instruction multiplies the negated
vector elements in the first source SIMD&FP register by the specified value in the second source SIMD&FP register,
and accumulates the product to the corresponding vector element of the destination SIMD&FP register. The
instruction does not round the result of the multiply before the accumulation.

Depending on settings in the CPACR, NSACR, HCPTR, and FPEXC registers, and the Security state and PE mode in
which the instruction is executed, an attempt to execute the instruction might be UNDEFINED, or trapped to Hyp mode.
For more information see Enabling Advanced SIMD and floating-point support.

In Armv8.2 and Armv8.3, this is an OPTIONAL instruction. From Armv8.4 it is mandatory for all implementations to
support it.

ID ISAR6.FHM indicates whether this instruction is supported.

It has encodings from the following instruction sets: A32 (Al ) and T32 (T1).

Al
(Armv8.2)
31 30292827 26252423222120191817161514131211109 8 7 6 5 4 3 2 1 O
[1 111111 o0[0o|[D|[O]1] Vn | vd [1 0 0 O|[N[Q[M[1] Vm |
S
313020282726252423222120319181716151413121110 9 8 7 6 5 4 3 2 1 0O
2 2 1 11110(0/BDlo(x] Va | vd [2/0/0|0|N|QM[T] Vm |
S
64-bit SIMD vector (Q == 0)
VFMSL{<qg>}.F16 <Dd>, <Sn>, <Sm>[<index>]
128-bit SIMD vector (Q == 1)
VFMSL{<q>}.F16 <Qd>, <Dn>, <Dm>[<index>]
if !'HaveFP16MulNoRoundingToFP32Ext() then UNDEFINED;
if Q == '1' && Vd<0> == '1' then UNDEFINED;
integer d = UInt(D:Vd);
integer n = if Q == '1' then UInt(N:Vn) else UInt(Vn:N);
integer m = if Q == '1' then UInt(Vm<2:0>) else UInt(Vm<2:0>:M);
integer index = if Q == '1' then UInt(M:Vm<3>) else UInt(Vm<3>);
integer esize = 32;
integer regs = if Q=='1' then 2 else 1;
integer datasize = if Q=='1' then 64 else 32;
boolean sub op = S=='1";
T1
(Armv8.2)
1514131211109 8 7 6 5 4 3 2 1 01514131211109 8 7 6 5 4 3 2 1 0
[1 111111 o0[0o|[D|[O]1] Vn | vd [1 0 0 O|[N[Q[M[1] Vm |
S
1514331211109 8 7 6 5 4 3 2 1 ©0153141331211109 8 7 6 5 4 3 2 1 0O
/2T 1 11111 0[0/p[o[%] Va | vd [T]/o/0|/0|N[Q|M|T] Vm |
S
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64-bit SIMD vector (Q == 0)

VFMSL{<qg>}.F16 <Dd>, <Sn>, <Sm>[<index>]

128-bit SIMD vector (Q == 1)

VFMSL{<qgq>}.F16 <Qd>, <Dn>, <Dm>[<index>]

if InITBlock() then UNPREDICTABLE;
if !'HaveFP16MulNoRoundingToFP32Ext() then UNDEFINED;

if Q == '1' && Vd<0> == '1' then UNDEFINED;

integer d = UInt(D:Vd);

integer n = if Q == '1' then UInt(N:Vn) else UInt(Vn:N);

integer m = if Q == '1' then UInt(Vm<2:0>) else UInt(Vm<2:0>:M);
integer index = if Q == '1' then UInt(M:Vm<3>) else UInt(Vm<3>);
integer esize = 32;

integer regs = if Q=='1' then 2 else 1;
integer datasize = if Q=='1' then 64 else 32;
boolean sub op = S=='1";

Assembler Symbols

<q> See Standard assembler syntax fields.

<Qd> Is the 128-bit name of the SIMD&FP destination register, encoded in the "D:Vd" field as <Qd>*2.

<Dn> Is the 64-bit name of the first SIMD&FP source register, encoded in the "N:Vn" field.

<Dm> Is the 64-bit name of the second SIMD&FP source register, encoded in the "Vm<2:0>" field.

<Dd> Is the 64-bit name of the SIMD&FP destination register, encoded in the "D:Vd" field.

<Sn> Is the 32-bit name of the first SIMD&FP source register, encoded in the "Vn:N" field.

<Sm> Is the 32-bit name of the second SIMD&FP source register, encoded in the "Vm<2:0>:M" field.

<index> Eofdthe 64-bit SIMD vector variant: is the element index in the range 0 to 1, encoded in the "Vm<3>"
eld.

For the 128-bit SIMD vector variant: is the element index in the range 0 to 3, encoded in the
"M:Vm<3>" field.

Operation

CheckAdvSIMDEnabled();
bits(datasize) operandl ;
bits(datasize) operand2 ;
bits(64) operand3;

bits(64) result;

bits(esize DIV 2) elementl;
bits(esize DIV 2) element2;

if Q=='0"' then
operandl
operand2
else
operandl = D[n]<datasize-1:0>;
operand2 = D[m]<datasize-1:0>;
element2 = Elem[operand2, index, esize DIV 2];
for r = 0 to regs-1
operand3 = D[d+r];
for e =0 to 1
elementl = Elem[operandl, 2*r+e, esize DIV 2];
if sub _op then elementl = FPNeg(elementl);
Elem[result, e, esize] = FPMulAddH(Elem[operand3, e, esize], elementl, element2, StandardFPSCRVa!
D[d+r] = result;

S[n]l<datasize-1:0>;
S[m]l<datasize-1:0>;
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VMSR

Move general-purpose register to SIMD&FP Special register moves the value of a general-purpose register to a
floating-point System register.
Depending on settings in the CPACR, NSACR, HCPTR, and FPEXC registers, and the Security state and PE mode in
which the instruction is executed, an attempt to execute the instruction might be UNDEFINED, or trapped to Hyp mode.
For more information see Enabling Advanced SIMD and floating-point support.
When these settings permit the execution of floating-point and Advanced SIMD instructions:
« If the specified floating-point System register is FPSID or FPEXC, the instruction is UNDEFINED if executed in
User mode.
« If the specified floating-point System register is the FPSID and the instruction is executed in a mode other
than User mode, the instruction is ignored.

It has encodings from the following instruction sets: A32 (Al ) and T32 (T1).

Al

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

| '=1111 |1 1 1 0 1 1 1[0] reg | Rt [1 0 1 0/[0[0)0)]1]0)(0)0)](0)]
cond

Al

VMSR{<c>}{<g>} <spec reg>, <Rt>

t = UInt(Rt);
if reg != '000x' && reg != '1000' theni g—! &8 g—!
if -t ==15then UNPREDICTABLE;// Armv8-Aremoves UNPREDICTABLE for R13
Constraint c = ConstrainUnpredictable(Unpredictable VMSR);
assert ¢ IN {Constraint UNDEF, Constraint NOP};

case c of
when Constraint UNDEF
UNDEFINED;

when nstraint NOPEndOfInstruction();
if t == 15 then UNPREDICTABLE; // Armv8-A removes UNPREDICTABLE for R13

CONSTRAINED UNPREDICTABLE behavior

Ifreg = '000x' && reg != '1000', then one of the following behaviors must occur:

* The instruction is UNDEFINED.

* The instruction executes as NOP.

« The instruction transfers the value in the general-purpose register to one of the allocated registers accessible
using VMSR at the same Exception level.

15 14 13 12 11 10 3 2 1 0 15 14 13 12 11 10 9 8 7

9 8 7 6 5 4 6 5 2 1 0
[1 110111011 1][0] reg | Rt [1 0 1 0][0)]0)]0)

3
[(0)[(0)[(0)](0)]

4
1
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Tl

VMSR{<c>}{<q>} <spec_reg>, <Rt>

t = UInt(Rt);
if reg != '000x' && reg != '1000' theni ! el &4 g—! glele
ift==15then UNPREDICTABLE;—//Armv8-A—removes UNPREDICTABLE forR13
Constraint ¢ = ConstrainUnpredictable(Unpredictable VMSR);
assert ¢ IN {Constraint UNDEF, Constraint NOP};

case c of
when Constraint UNDEF
UNDEFINED;

when nstraint NOPEndOfInstruction();
if t == 15 then UNPREDICTABLE; // Armv8-A removes UNPREDICTABLE for R13

CONSTRAINED UNPREDICTABLE behavior

Ifreg = '000x' && reg != '1000', then one of the following behaviors must occur:

¢ The instruction is UNDEFINED.

¢ The instruction executes as NOP.

¢ The instruction transfers the value in the general-purpose register to one of the allocated registers accessible
using VMSR at the same Exception level.

For more information about the CONSTRAINED UNPREDICTABLE behavior of this instruction, see Architectural Constraints
on UNPREDICTABLE behaviors.

Assembler Symbols

<c> See Standard assembler syntax fields.

<q> See Standard assembler syntax fields.

<spec _reg> Is the destination Advanced SIMD and floating-point System register, encoded in “reg”:

reg <spec_reg>
0000 FPSID
0001 FPSCR

001x UNPREDICTABLE
01xx UNPREDICTABLE
1000 FPEXC

1001 UNPREDICTABLE
101x UNPREDICTABLE
11xx UNPREDICTABLE

<Rt> Is the general-purpose source register, encoded in the "Rt" field.

Operation

if ConditionPassed() then
EncodingSpecificOperations();

if reg == '0001' then // FPSCR
CheckVFPEnabled (TRUE) ;
FPSCR = R[t];
elsif PSTATE.EL == ELO then
UNDEFINED; // Non-FPSCR registers accessible only at PL1 or above
else
CheckVFPEnabled(FALSE) ; // Non-FPSCR registers are not affected by FPEXC.EN
case reg of
when '0000' // VMSR access to FPSID is ignored
when '1000' FPEXC = R[t];
otherwise Unreachable(); // Dealt with above or in encoding-specific pseudocode
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VSDOT (by element)

Dot Product index form with signed integers. This instruction performs the dot product of the four 8-bit elements in
each 32-bit element of the first source register with the four 8-bit elements of an indexed 32-bit element in the second
source register, accumulating the result into the corresponding 32-bit element of the destination register.

In Armv8.2 and Armv8.3, this is an OPTIONAL instruction. From Armv8.4 it is mandatory for all implementations to
support it.

ID ISAR6.DP indicates whether this instruction is supported.

It has encodings from the following instruction sets: A32 (Al ) and T32 (T1).

Al
(Armv8.2)

31 302928 27 26252423222120191817161514131211109 8 7 6 5 4 3 2 1 0

/1 1 11111 0[0[D[1 O] Vn | vd |1 1 oJ/1|N][Q[M]O] vm |
U

31302928272625242322212010181716151413121110 9 8 7 8 5 4 3 21 0@

2 2 31 1211 10[(0|/B|2 0] Vha | Vd (2202 |N[Q[M[D] Vm |
U

64-bit SIMD vector (Q == 0)
VSDOT{<q>}.S8 <Dd>, <Dn>, <Dm>[<index>]
128-bit SIMD vector (Q == 1)

VSDOT{<qg>}.S8 <Qd>, <Qn>, <Dm>[<index>]

if !'HaveDOTPExt() then UNDEFINED;

if Q == '1' & (Vd<0> == '1' || Vn<@> == '1') then UNDEFINED;

boolean 51gne = (U=="0 ');

integer d = t(D vd) ;

integer n = t(N:Vn);

integerm— t(Vm<3:0>);

integer 1ndex = UInt(M);

integer esize = 32;

integer regs = if Q == '1' then 2 else 1;
T1
(Armv8.2)

1514131211109 8 7 6 5 4 3 2 1 01514131211109 8 7 6 5 4 3 2 1 0
/1 1 11111 0[0[D[1 O] Vn | vd |1 1 oJ1|N[Q[M]O] vm |

U

i534313312311310 9 8 # 6 5 4 3 2 1 0153431331211 310 9 8 % 6 5 4 3 2 £ ©
/|2 2 131 12 1110[0|/B|/2 @0

| va | v [E[Z[0[ZI[N[O[M[O] Vm |
U
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64-bit SIMD vector (Q == 0)

VSDOT{<qg>}.S8 <Dd>, <Dn>, <Dm>[<index>]

128-bit SIMD vector (Q == 1)

VSDOT{<qg>}.5S8 <Qd>, <Qn>, <Dm>[<index>]

if InITBlock() then UNPREDICTABLE;
if !HaveDOTPExt() then UNDEFINED;

if Q == '1' & (Vd<0> == '1' || Vn<@> == '1') then UNDEFINED;
boolean signed = (U=='0");

integer d = UInt(D:Vd);

integer n = UInt(N:Vn);

integer m = UInt(Vm<3:0>);

integer index = UInt(M);
integer esize = 32;
integer regs = if Q == '1' then 2 else 1;

Assembler Symbols

<q> See Standard assembler syntax fields.

<Qd> Is the 128-bit name of the SIMD&FP destination register, encoded in the "D:Vd" field as <Qd>*2.
<Qn> Is the 128-bit name of the first SIMD&FP source register, encoded in the "N:Vn" field as <Qn>*2.
<Dd> Is the 64-bit name of the SIMD&FP destination register, encoded in the "D:Vd" field.

<Dn> Is the 64-bit name of the first SIMD&FP source register, encoded in the "N:Vn" field.

<Dm> Is the 64-bit name of the second SIMD&FP source register, encoded in the "Vm" field.

<index> Is the element index in the range 0 to 1, encoded in the "M" field.

Operation

bits(64) operandl;
bits(64) operand2 = D[m];
bits(64) result;
CheckAdvSIMDEnabled();
for r = 0 to regs-1
operandl = D[n+r];
result = D[d+r];
integer elementl, element2;
fore=0 to 1
integer res = 0;
for i =0 to 3
if signed then

elementl = SInt(Elem[operandl, 4 * e + 1, esize DIV 4]);

element2 = SInt(Elem[operand2, 4 * index + i, esize DIV 4]);
else

elementl = UInt(Elem[operandl, 4 * e + 1, esize DIV 4]);

element2 = UInt(Elem[operand2, 4 * index + i, esize DIV 4]);

res = res + elementl * element?2;
Elem[result, e, esize] = Elem[result, e, esize] + res;
D[d+r] = result;
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VSUDOT (by element)

Dot Product index form with signed and unsigned integers. This instruction performs the dot product of the four
signed 8-bit integer values in each 32-bit element of the first source register with the four unsigned 8-bit integer
values in an indexed 32-bit element of the second source register, accumulating the result into the corresponding
32-bit element of the destination register.

From Armv8.2, this is an OPTIONAL instruction. ID ISAR6.I8MM indicates whether this instruction is supported in the
T32 and A32 instruction sets.

It has encodings from the following instruction sets: A32 (Al ) and T32 (T1).

Al
(Armv8.6)

31 30292827 26252423222120191817161514131211109 8 7 6 5 4 3 2 10

[1 111111 0[1]/D|[0 O] Vn | vd [1 1 oJ]1[N[Q[M][1] Vm |
U
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/2 2 111 110[(1]/Bb|lg 0] Va | vd (2202 |N|QM[T] Vm |
U

64-bit SIMD vector (Q == 0)

VSUDOT{<g>}.U8 <Dd>, <Dn>, <Dm>[<index>]

128-bit SIMD vector (Q == 1)

VSUDOT{<g>}.U8 <Qd>, <Qn>, <Dm>[<index>]

if 'HaveAArch32Int8MatMulExt() then UNDEFINED;
if Q == '1l' && (Vd<0> == '1' || Vn<@> == '1') then UNDEFINED;
boolean opl unsigned = (U == '0');
boolean op2 unsigned = (U == '1"');
integer d = UInt(D:Vd);
integer n = UInt(N:Vn);
integer m = UInt(Vm);
integer i = UInt( );
integer regs = if Q == '1' then 2 else 1;
T1
(Armv8.6)

1514131211109 8 7 6 5 4 3 2 1 01514131211109 8 7 6 5 4 3 2 1 0

[1 1111 110[1|/D|[0 O] Vn | vd [1 1 o]1[N[Q[M[1] Vm |
]

1514331211109 8 7 6 5 4 3 2 1 1514131211109 8 7 8 5 4 32108
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U
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64-bit SIMD vector (Q == 0)
VSUDOT{<g>}.U8 <Dd>, <Dn>, <Dm>[<index>]
128-bit SIMD vector (Q == 1)

VSUDOT{<g>}.U8 <Qd>, <Qn>, <Dm>[<index>]

if InITBlock() then UNPREDICTABLE;
if 'HaveAArch32Int8MatMulExt() then UNDEFINED;
if Q == '1' & (Vd<0> == '1' || Vn<@> == '1') then UNDEFINED;

boolean opl unsigned = (U == '0');
boolean op2 unsigned = (U == '1");
integer d = UInt(D:Vd);
integer n = UInt(N:Vn);
integer m = UInt(Vm);
integer i = UInt(M);
integer regs = if Q == '1' then 2 else 1;
Assembler Symbols
<q> See Standard assembler syntax fields.
<Qd> Is the 128-bit name of the SIMD&FP destination register, encoded in the "D:Vd" field as <Qd>*2.
<Qn> Is the 128-bit name of the first SIMD&FP source register, encoded in the "N:Vn" field as <Qn>*2.
<Dd> Is the 64-bit name of the SIMD&FP destination register, encoded in the "D:Vd" field.
<Dn> Is the 64-bit name of the first SIMD&FP source register, encoded in the "N:Vn" field.
<Dm> Is the 64-bit name of the second SIMD&FP source register, encoded in the "Vm" field.
<index> Is the element index in the range 0 to 1, encoded in the "M" field.

Operation

CheckAdvSIMDEnabled();
bits(64) operandl;
bits(64) operand2;
bits(64) result;

operand2 = Din[m];

for r = 0 to regs-1
operandl = Din[n+r];
result = Din[d+r];
fore=0 to 1

bits(32) res Elem[result, e, 32];

for b = 0 to 3
elementl = Int(Elem[operandl, 4 * e + b, 8], opl unsigned);
element2 = Int(Elem[operand2, 4 * i + b, 8], op2 unsigned);

res = res + elementl * element?2;
Elem[result, e, 32] = res;
D[d+r] = result;
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VUDOT (by element)

Dot Product index form with unsigned integers. This instruction performs the dot product of the four 8-bit elements in
each 32-bit element of the first source register with the four 8-bit elements of an indexed 32-bit element in the second
source register, accumulating the result into the corresponding 32-bit element of the destination register.

In Armv8.2 and Armv8.3, this is an OPTIONAL instruction. From Armv8.4 it is mandatory for all implementations to
support it.

ID ISAR6.DP indicates whether this instruction is supported.

It has encodings from the following instruction sets: A32 (Al ) and T32 (T1).

Al
(Armv8.2)

31 302928 27 26252423222120191817161514131211109 8 7 6 5 4 3 2 1 0

/1 1 11111 0[0[D[1 O] Vn | vd |1 1 oJ1[N[Q[M][1] vm |
U

31302928272625242322212010181716151413121110 9 8 7 8 5 4 3 21 0@

2 2 31 1211 10[(0|/B|2 0] Vha | Vd (2202 |N[Q[M[T] Vm |
U

64-bit SIMD vector (Q == 0)
VUDOT{<q>}.U8 <Dd>, <Dn>, <Dm>[<index>]
128-bit SIMD vector (Q == 1)

VUDOT{<qg>}.U8 <Qd>, <Qn>, <Dm>[<index>]

if !HaveDOTPExt() then UNDEFINED;
if Q == '1" & (Vd<0> == '1' || Vn<@> == '1') then UNDEFINED;
boolean 51gne = (U=="0 ');
integer d = t(D vd);
integer n = t(N:Vn);
integerm— t(Vm<3:0>);
integer 1ndex= UInt(M);
integer esize = 32;
integer regs = if Q == '1' then 2 else 1;
T1
(Armv8.2)
1514131211109 8 7 6 5 4 3 2 1 01514131211109 8 7 6 5 4 3 2 1 0
/1 1 11111 0[0[D[1 O] Vn | vd |1 1 oJ1|N[Q[M][1] vm |
U
i534313312311310 9 8 # 6 5 4 3 2 1 0153431331211 310 9 8 % 6 5 4 3 2 £ ©
2 2 1 1211 10[(0/B|2 0] Va | Vd (22|02 |N[Q[M[1] Vim |
g
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64-bit SIMD vector (Q == 0)

VUDOT{<qg>}.U8 <Dd>, <Dn>, <Dm>[<index>]

128-bit SIMD vector (Q == 1)

VUDOT{<qg>}.U8 <Qd>, <Qn>, <Dm>[<index>]

if InITBlock() then UNPREDICTABLE;
if !HaveDOTPExt() then UNDEFINED;

if Q == '1' & (Vd<0> == '1' || Vn<@> == '1') then UNDEFINED;
boolean signed = (U=='0");

integer d = UInt(D:Vd);

integer n = UInt(N:Vn);

integer m = UInt(Vm<3:0>);

integer index = UInt(M);
integer esize = 32;
integer regs = if Q == '1' then 2 else 1;

Assembler Symbols

<q> See Standard assembler syntax fields.

<Qd> Is the 128-bit name of the SIMD&FP destination register, encoded in the "D:Vd" field as <Qd>*2.
<Qn> Is the 128-bit name of the first SIMD&FP source register, encoded in the "N:Vn" field as <Qn>*2.
<Dd> Is the 64-bit name of the SIMD&FP destination register, encoded in the "D:Vd" field.

<Dn> Is the 64-bit name of the first SIMD&FP source register, encoded in the "N:Vn" field.

<Dm> Is the 64-bit name of the second SIMD&FP source register, encoded in the "Vm" field.

<index> Is the element index in the range 0 to 1, encoded in the "M" field.

Operation

bits(64) operandl;
bits(64) operand2 = D[m];
bits(64) result;
CheckAdvSIMDEnabled();
for r = 0 to regs-1
operandl = D[n+r];
result = D[d+r];
integer elementl, element2;
fore=0 to 1
integer res = 0;
for i =0 to 3
if signed then

elementl = SInt(Elem[operandl, 4 * e + 1, esize DIV 4]);

element2 = SInt(Elem[operand2, 4 * index + i, esize DIV 4]);
else

elementl = UInt(Elem[operandl, 4 * e + 1, esize DIV 4]);

element2 = UInt(Elem[operand2, 4 * index + i, esize DIV 4]);

res = res + elementl * element?2;
Elem[result, e, esize] = Elem[result, e, esize] + res;
D[d+r] = result;
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VUSDOT (by element)

Dot Product index form with unsigned and signed integers. This instruction performs the dot product of the four

unsigned 8-bit integer values in each 32-bit element of the first source register with the four signed 8-bit integer
values in an indexed 32-bit element of the second source register, accumulating the result into the corresponding
32-bit element of the destination register.

From Armv8.2, this is an OPTIONAL instruction. ID ISAR6.I8MM indicates whether this instruction is supported in the
T32 and A32 instruction sets.

It has encodings from the following instruction sets: A32 (Al ) and T32 (T1).

Al
(Armv8.6)

31 30292827 26252423222120191817161514131211109 8 7 6 5 4 3 2 10

[1 111111 0[1]/D|[0 O] Vn | vd [1 1 oJ]1[N[Q[M][O] Vm |
U

31302028272625242322212019181716151413121110 9 8 7 6 5 4 3 2 1 ¢

(2 2 2 111131 0[(2/BD[0 0] Vn | Vd (22|02 |N[Q|M|O] Vm |
U

64-bit SIMD vector (Q == 0)

VUSDOT{<g>}.S8 <Dd>, <Dn>, <Dm>[<index>]

128-bit SIMD vector (Q == 1)

VUSDOT{<q>}.S8 <Qd>, <Qn>, <Dm>[<index>]

if 'HaveAArch32Int8MatMulExt() then UNDEFINED;
if Q == '1l' && (Vd<0> == '1' || Vn<@> == '1') then UNDEFINED;
boolean opl unsigned = (U == '0');
boolean op2 unsigned = (U == '1"');
integer d = UInt(D:Vd);
integer n = UInt(N:Vn);
integer m = UInt(Vm);
integer i = UInt( );
integer regs = if Q == '1' then 2 else 1;
T1
(Armv8.6)

1514131211109 8 7 6 5 4 3 2 1 01514131211109 8 7 6 5 4 3 2 1 0

[1 1111 110[1|/D|[0 O] Vn | vd [1 1 o]1[N[Q[M][O] Vm |
]

1514331211709 8 7 8§ 5 4 3 2 1 5131987854332 13208

(2 2 321 231131 0[2|B]o 0] Va | Vd [Z[2[B[2|N[Q[M[D] Vm |
U
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64-bit SIMD vector (Q == 0)
VUSDOT{<qg>}.5S8 <Dd>, <Dn>, <Dm>[<index>]
128-bit SIMD vector (Q == 1)

VUSDOT{<g>}.S8 <Qd>, <Qn>, <Dm>[<index>]

if InITBlock() then UNPREDICTABLE;
if 'HaveAArch32Int8MatMulExt() then UNDEFINED;
if Q == '1' & (Vd<0> == '1' || Vn<@> == '1') then UNDEFINED;

boolean opl unsigned = (U == '0');
boolean op2 unsigned = (U == '1");
integer d = UInt(D:Vd);
integer n = UInt(N:Vn);
integer m = UInt(Vm);
integer i = UInt(M);
integer regs = if Q == '1' then 2 else 1;
Assembler Symbols
<q> See Standard assembler syntax fields.
<Qd> Is the 128-bit name of the SIMD&FP destination register, encoded in the "D:Vd" field as <Qd>*2.
<Qn> Is the 128-bit name of the first SIMD&FP source register, encoded in the "N:Vn" field as <Qn>*2.
<Dd> Is the 64-bit name of the SIMD&FP destination register, encoded in the "D:Vd" field.
<Dn> Is the 64-bit name of the first SIMD&FP source register, encoded in the "N:Vn" field.
<Dm> Is the 64-bit name of the second SIMD&FP source register, encoded in the "Vm" field.
<index> Is the element index in the range 0 to 1, encoded in the "M" field.

Operation

CheckAdvSIMDEnabled();
bits(64) operandl;
bits(64) operand2;
bits(64) result;

operand2 = Din[m];

for r = 0 to regs-1
operandl = Din[n+r];
result = Din[d+r];
fore=0 to 1

bits(32) res Elem[result, e, 32];

for b = 0 to 3
elementl = Int(Elem[operandl, 4 * e + b, 8], opl unsigned);
element2 = Int(Elem[operand2, 4 * i + b, 8], op2 unsigned);

res = res + elementl * element?2;
Elem[result, e, 32] = res;
D[d+r] = result;
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7 6 5 4 3

2 1

cond

| op0 |

lop1]

Decode fields

Instruction details

cond op0 opl
I= 1111 | 00Ox Data-processing and miscellaneous instructions
I= 1111 | 010 Load/Store Word, Unsigned Byte (immediate, literal)
I= 1111 | 011 0 Load/Store Word, Unsigned Byte (register)
I= 1111 011 1 Media instructions
10x Branch, branch with link, and block data transfer
11x System register access, Advanced SIMD, floating-point, and Supervisor call
1111 0)9¢ Unconditional instructions

Data-processing and miscellaneous instructions

These instructions are under the top-level.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ '=1111 | 00 |opO| opl | lop2| op3 Jop4|
op0 OplDecodeOIIi)(;lds op3 op4 Instruction details

0 1 = 00 1 Extra load/store

0 OXXXX 1 00 1 Multiply and Accumulate

0 IxxxX 1 00 1 Synchronization primitives and Load-Acquire/Store-Release

0 10xx0 0 Miscellaneous

0 10xx0 1 0 Halfword Multiply and Accumulate

0 I= 10xx0 0 Data-processing register (immediate shift)

0 I= 10xx0 0 1 Data-processing register (register shift)

1 Data-processing immediate

Extra load/store

These instructions are under Data-processing and miscellaneous instructions.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
| !'=1111 [ o000 | lop0] [1]'=00]1]
Decode fields Instruction details
op0
0 Load/Store Dual, Half, Signed Byte (register)
1 Load/Store Dual, Half, Signed Byte (immediate, literal)
Load/Store Dual, Half, Signed Byte (register)
These instructions are under Extra load/store.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
| '=1111 o 0 o[P|[uU]oO|wW]ol] Rn | Rt [(0)[(0)[(®](0)] 1 ['=00]1 ] Rm |
cond op2



Top-level encodings for A32

The following constraints also apply to this encoding: cond != 1111 && op2 != 00 && cond != 1111 && op2 = 00

Decode fields

Instruction Details

P W ol op2

0] 0] 0 01 STRH (register) — post-indexed
0] 0] 0 10 LDRD (register) — post-indexed
0] 0] 0 11 STRD (register) — post-indexed
O 0 1 01 LDRH (register) — post-indexed
O 0 1 10 LDRSB (register) — post-indexed
0 0] 1 11 LDRSH (register) — post-indexed
01 0 01 | STRHT

01 0 10 | UNALLOCATED

01 0 11 | UNALLOCATED

0] 1 1 01 | LDRHT

01 1 10 | LDRSBT

0] 1 1 11 | LDRSHT

1 0 01 STRH (register) — pre-indexed

1 0 10 LDRD (register) — pre-indexed

1 0 11 STRD (register) — pre-indexed

1 1 01 LDRH (register) — pre-indexed

1 1 10 LDRSB (register) — pre-indexed
1 1 11 LDRSH (register) — pre-indexed

Load/Store Dual, Half, Signed Byte (immediate, literal)

These instructions are under Extra load/store.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
[ '=1111 Jo 0 o[P[uU]1][w]ol] Rn | Rt | imm4H [1['=00[1] imm4L |
cond op2

The following constraints also apply to this encoding: cond != 1111 && op2 != 00 && cond != 1111 && op2 = 00

Decode fields

Instruction Details

P:W ol Rn op2
0 1111 10 | LDRD (literal)

= 01| 1 1111 01 | LDRH (literal)

l=01]| 1 1111 10 | LDRSB (literal)

I=01]| 1 1111 11 | LDRSH (literal)
00 0 I= 1111 | 10 LDRD (immediate) — post-indexed
00 0] 01 STRH (immediate) — post-indexed
00 0] 11 STRD (immediate) — post-indexed
00 1 = 1111 01 LDRH (immediate) — post-indexed
00 1 = 1111 10 LDRSB (immediate) — post-indexed
00 1 = 1111 | 11 LDRSH (immediate) — post-indexed
01 O |!'= 1111 | 10 | UNALLOCATED
01 0 01 | STRHT
01 0 11 | UNALLOCATED
01 1 01 | LDRHT
01 1 10 | LDRSBT
01 1 11 | LDRSHT
10 0] = 1111 10 LDRD (immediate) — offset
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Decode fields

Top-level encodings for A32

Instruction Details

P:W ol Rn op2
10 0] 01 STRH (immediate) — offset
10 0] 11 STRD (immediate) — offset
10 1 = 1111 01 LDRH (immediate) — offset
10 1 I= 1111 | 10 LDRSB (immediate) — offset
10 1 = 1111 | 11 LDRSH (immediate) — offset
11 0] I= 1111 | 10 LDRD (immediate) — pre-indexed
11 0] 01 STRH (immediate) — pre-indexed
11 0] 11 STRD (immediate) — pre-indexed
11 1 = 1111 01 LDRH (immediate) — pre-indexed
11 1 = 1111 10 LDRSB (immediate) — pre-indexed
11 1 = 1111 11 LDRSH (immediate) — pre-indexed

Multiply and Accumulate

These instructions are under Data-processing and miscellaneous instructions.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
[ '=1111 |0 0 0 O] opc [S|] RdHi | Rdlo | Rm [1 0 0 1] Rn |
cond
The following constraints also apply to this encoding: cond !'= 1111 && cond != 1111
Decode fields Instruction Details
opc S
000 MUL, MULS
001 MLA, MLAS
010 0 UMAAL
010 1 UNALLOCATED
011 0 MLS
011 1 UNALLOCATED
100 UMULL, UMULLS
101 UMLAL, UMLALS
110 SMULL, SMULLS
111 SMLAL, SMLALS
Synchronization primitives and Load-Acquire/Store-Release
These instructions are under Data-processing and miscellaneous instructions.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| '=1111 | 0001 |opQ| [ 11 | | 1001 |
Decode fields Instruction details
op0
0 UNALLOCATED
1 Load/Store Exclusive and Load-Acquire/Store-Release

Load/Store Exclusive and Load-Acquire/Store-Release

These instructions are under Synchronization primitives and L.oad-Acquire/Store-Release.
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
| '=1111 |0 0 0 1 1]size [L] Rn |  xRd  JM(D)]exford 1 0 0 1] xRt |
cond

The following constraints also apply to this encoding: cond != 1111 && cond != 1111

Decode fields

Instruction Details

size L ex ord
00 | 0| O 0 STL
60 | 0| O 1 UNALLOCATED
00 0 1 0 STLEX
00 | 0| 1 1 STREX
00 1(0 0 LDA
00 1(0 1 UNALLOCATED
00 1|1 0 LDAEX
00 1|1 1 LDREX
01 | 0| O UNALLOCATED
01 | 0| 1 0 STLEXD
01 0 1 1 STREXD
01 1(0 UNALLOCATED
01 1 1 0 LDAEXD
01 1 1 1 LDREXD
10 | O | O 0 STLB
10 | O | O 1 UNALLOCATED
10 | 0| 1 0 STLEXB
10 | 0| 1 1 STREXB
10 1(0 0 LDAB
10 1(0 1 UNALLOCATED
10 1 1 0 LDAEXB
10 1 1 1 LDREXB
11 0| 0 0 STLH
11 0O 0 1 UNALLOCATED
11 (0| 1 0 STLEXH
11 (0| 1 1 STREXH
11 1(0 0 LDAH
11 1(0 1 UNALLOCATED
11 1 1 0 LDAEXH
11 1 1 1 LDREXH

Miscellaneous

These instructions are under Data-processing and miscellaneous instructions.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8

7

6 5 4 3

2

1

0

I=1111

00010

[ op0 [0 ]

[ 0]

opl

Decode fields

Instruction details

op0 opl

00 001 | UNALLOCATED
00 010 | UNALLOCATED
00 011 | UNALLOCATED
00 110 | UNALLOCATED
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01 001 | BX

01 010 | BxJ

01 011 BLX (register)

01 110 | UNALLOCATED

10 001 | UNALLOCATED

10 010 | UNALLOCATED

10 011 | UNALLOCATED

10 110 | UNALLOCATED

11 001 | cLz

11 010 | UNALLOCATED

11 011 | UNALLOCATED

11 110 | ERET
111 Exception Generation
000 Move special register (register)
100 Cyclic Redundancy Check
101 Integer Saturating Arithmetic

Exception Generation

These instructions are under Miscellaneous.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8

3

2

1

0

| 1=1111

[0 0O 01 0f opc 0]

imm12

7 6 5 4
[001 1 1]

imm4

cond

The following constraints also apply to this encoding: cond != 1111 && cond != 1111

Decode fields

opc

Instruction Details

00

HLT

01

BKPT

10

HVC

11

SMC

Move special register (register)

These instructions are under Miscellaneous.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15

14 13 12 11 10 9

3

2

1

0

| '=1111

[0 0 01 0 opc[O]

mask

Rd

[©O)(0)[ B |

8 7 6 5 4
m[0 0 0 0]

Rn

cond

The following constraints also apply to this encoding: cond != 1111 && cond != 1111

Decode fields

Instruction Details

opc B

X0 0 MRS

X0 1 MRS (Banked register)
x1 0 MSR (register)

x1 1 MSR (Banked register)
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Cyclic Redundancy Check

These instructions are under Miscellaneous.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ '=1111 |0 0 0 1 0] sz [O] Rn | Rd (0o cl]o]o 1 0 0] Rm |
cond

The following constraints also apply to this encoding: cond !'= 1111 && cond != 1111

Decode fields

Instruction Details

Sz C

00 0 CRC32 — CRC32B

00 1 CRC32C — CRC32CB

01 0 CRC32 — CRC32H

01 1 CRC32C — CRC32CH

10 0 CRC32 — CRC32W

10 1 CRC32C — CRC32CW

11 CONSTRAINED UNPREDICTABLE

The behavior of the CONSTRAINED UNPREDICTABLE encodings in this table is described in CONSTRAINED
UNPREDICTABLE behavior for A32 and T32 instruction encodings

Integer Saturating Arithmetic

These instructions are under Miscellaneous.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| '=1111 |0 0 0 1 O] opc [O] Rn | Rd (OO0 1 0 1] Rm |
cond

The following constraints also apply to this encoding: cond != 1111 && cond != 1111

Decode fields

Instruction Details

opc

00 QADD
01 QSUB
10 QDADD
11 QDSUB

Halfword Multiply and Accumulate

These instructions are under Data-processing and miscellaneous instructions.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

| '=1111

|00 01 0] opc]oO] Rd | Ra | Rm [1|M|N]|O] Rn |

cond

The following constraints also apply to this encoding: cond != 1111 && cond != 1111

Decode fields

Instruction Details

opc M N

00 SMLABB, SMLABT, SMLATB, SMLATT
01 O | O | SMLAWB, SMLAWT — SMLAWB

01 0 1 | sMULWB, SMULWT — SMULWB
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Instruction Details

opc M N

01 1 | O | SMLAWB, SMLAWT — SMLAWT

01 1 1 | SMULWB, SMULWT — SMULWT

10 SMLALBB, SMLALBT, SMLALTB, SMLALTT
11 SMULBB, SMULBT, SMULTB, SMULTT

Data-processing register (immediate shift)

These instructions are under Data-processing and miscellaneous instructions.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8

7

6 5 4 3

2 1

0

I=1111

| _000 | opoO | Jop1]

[0]

The following constraints also apply to this encoding: op0O:op1 = 100

Decode fields
op0

opl

Instruction details

0x

Integer Data Processin

three reqgister, immediate shift

10

1 Integer Test and Compare (two register, immediate shift)

11

Logical Arithmetic (three register, immediate shift)

Integer Data Processing (three register, immediate shift)

These instructions are under Data-processing register (immediate shift).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8

7

6 5 4 3

'=1111

[0 0 0 O]

opc |[S] Rn | Rd

imm5

[stype[ 0]

cond

The following constraints also apply to this encoding: cond !'= 1111 && cond != 1111

Decode fields

Instruction Details

opc S Rn

000 AND, ANDS (register)

001 EOR, EORS (register)

010 [ O | '= 1101 | SUB, SUBS (register) — SUB

010 | O 1101 SUB, SUBS (SP minus register) — SUB
010 [ 1 | '= 1101 | SUB, SUBS (register) — SUBS

010 | 1 1101 SUB, SUBS (SP minus register) — SUBS
011 RSB, RSBS (register)

100 | O | '= 1101 | ADD, ADDS (register) — ADD

100 | O 1101 ADD, ADDS (SP plus register) — ADD
100 | 1 | '= 1101 | ADD, ADDS (register) — ADDS

100 | 1 1101 ADD, ADDS (SP plus register) — ADDS
101 ADC, ADCS (register)

110 SBC, SBCS (register)

111 RSC, RSCS (register)

Integer Test and Compare (two register, immediate shift)

These instructions are under Data-processing register (immediate shift).
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| '=1111 |0 0 0 1 O] opc [1] Rn 1(0)[(0)[(0)[(0)] imm5 |stype| 0 | Rm |
cond
The following constraints also apply to this encoding: cond != 1111 && cond != 1111
Decode fields Instruction Details
opc
00 TST (register)
01 TEQ (register)
10 CMP (register)
11 CMN (register)
Logical Arithmetic (three register, immediate shift)
These instructions are under Data-processing register (immediate shift).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
| '=1111 |0 0 0 1 1| opc |S]| Rn | Rd | imm5 [stype]| O | Rm |
cond
The following constraints also apply to this encoding: cond !'= 1111 && cond !'= 1111
Decode fields Instruction Details
opc
00 ORR, ORRS (register)
01 MOV, MOVS (register)
10 BIC, BICS (register)
11 MVN, MVNS (register)
Data-processing register (register shift)
These instructions are under Data-processing and miscellaneous instructions.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
[ '=1111 | 000 | opO | lop1] [0] [1]
The following constraints also apply to this encoding: op0:op1 != 100
Decode fields Instruction details
op0 opl
0x Integer Data Processing (three register, register shift)
10 1 Integer Test and Compare (two register, register shift)
11 Logical Arithmetic (three register, register shift)
Integer Data Processing (three register, register shift)
These instructions are under Data-processing register (register shift).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
| !1=1111 |0 0 0 O] opc [S] Rn | Rd | Rs | 0 |stype| 1| Rm |
cond

The following constraints also apply to this encoding: cond != 1111 && cond != 1111

Page 64



Integer Test and Compare (two register, register shift)

Decode fields

Top-level encodings for A32

Instruction Details

opc
000 AND, ANDS (register-shifted register)
001 EOR, EORS (register-shifted register)
010 SUB, SUBS (register-shifted register)
011 RSB, RSBS (register-shifted register)
100 ADD, ADDS (register-shifted register)
101 ADC, ADCS (register-shifted register)
110 SBC, SBCS (register-shifted register)
111 RSC, RSCS (register-shifted register)

These instructions are under Data-processing register (register shift).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8

7

6 5 4 3

=11

11

[0 0 01 0 opc[1] Rn

1(0)[(0)[(0)](0)]

Rs

[ 0 [stype[ 1]

cond

The following constraints also apply to this encoding: cond != 1111 && cond != 1111

Decode fields

opc

Instruction Details

00

TST (register-shifted register)

01

TEQ (register-shifted register)

10

CMP (register-shifted register)

11

CMN (register-shifted register)

Logical Arithmetic (three register, register shift)

These instructions are under Data-processing register (register shift).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8

7

6 5 4 3

=11

11

[0 0 01 1] opc|S]| Rn |

Rd

Rs

[ 0 [stype[ 1]

cond

The following constraints also apply to this encoding: cond != 1111 && cond != 1111

Decode fields

opc

Instruction Details

00

ORR, ORRS (register-shifted register)

01

MOV, MOVS (register-shifted register)

10

BIC, BICS (register-shifted register)

11

MVN, MVNS (register-shifted register)

Data-processing immediate

These instructions are under Data-processing and miscellaneous instructions.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8

7

6 5 4 3

2

1

0

'=1111

001

| op0 | | opl |

Decode fields

op0

opl

Instruction details
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0x Integer Data Processing (two register and immediate
10 00 Move Halfword (immediate)

10 10 Move Special Register and Hints (immediate)

10 x1 Integer Test and Compare (one register and immediate)
11 Logical Arithmetic (two register and immediate)

Integer Data Processing (two register and immediate)

These instructions are under Data-processing immediate.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| '=1111 |0 0 1 0] opc |[S] Rn | Rd | imm12
cond
The following constraints also apply to this encoding: cond != 1111 && cond != 1111
opc DecSo de ﬁel(fl{sn Instruction Details
000 AND, ANDS (immediate)
001 EOR, EORS (immediate)
010 | 0 | '= 11x1 | SUB, SUBS (immediate) — SUB
010 | O 1101 SUB, SUBS (SP minus immediate) — SUB
010 | O 1111 ADR — A2
010 | 1 | '= 1101 | SuUB, SUBS (immediate) — SUBS
010 | 1 1101 SUB, SUBS (SP minus immediate) — SUBS
011 RSB, RSBS (immediate)
100 | 0 | '= 11x1 | ADD, ADDS (immediate) — ADD
100 | O 1101 ADD, ADDS (SP plus immediate) — ADD
100 | O 1111 ADR — Al
100 | 1 | '= 1101 | ADD, ADDS (immediate) — ADDS
100 | 1 1101 ADD, ADDS (SP plus immediate) — ADDS
101 ADC, ADCS (immediate)
110 SBC, SBCS (immediate)
111 RSC, RSCS (immediate)
Move Halfword (immediate)
These instructions are under Data-processing immediate.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ '=1111 Jo 0 1 1 O|H|[O O] imm4 | Rd | imm12
cond

The following constraints also apply to this encoding: cond != 1111 && cond != 1111

Decode fields

Instruction Details

H
(0] MOV, MOVS (immediate)
1 MOVT

Move Special Register and Hints (immediate)

These instructions are under Data-processing immediate.
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| '=1111 Jo 0 1 1 o[R[1 o] imm4 [D[D}D]1) imm12
cond
The following constraints also apply to this encoding: cond != 1111 && cond != 1111
R:imm 4D ecode ﬁeilglsmlz Instruction Details Architecture Version
I= 00000 MSR (immediate) -
00000 XXxx00000000 | NoP -
00000 XXXX00000001 | YIELD -
00000 XXxx00000010 | WFE -
00000 XXxx00000011 | wrr -
00000 XxXxx00000100 | sev -
00000 xxXxx00000101 | sevL -
00000 XXXXO0000011X | Reserved hint, behaves as NOP | -
00000 XXXXO00O1XXX | Reserved hint, behaves as NOP | -
00000 XXxxX00010000 | ESB Armv8.2
00000 XXxXx00010001 Reserved hint, behaves as NOP | -
00000 XXxx00010010 | TSB CSYNC Armv8.4
00000 XXXX00010011 | Reserved hint, behaves as NOP | -
00000 xxXxx00010100 | cspB -
00000 XXXX00010101 | Reserved hint, behaves as NOP | -
00000 XXXXO0011XXX | Reserved hint, behaves as NOP | -
00000 XXXX0001111X | Reserved hint, behaves as NOP | -
00000 XXXXOOLXXXXX | Reserved hint, behaves as NOP | -
00000 XXXXO1XXXXXX | Reserved hint, behaves as NOP | -
00000 XXXX1OXXXXXX | Reserved hint, behaves as NOP | -
00000 XXXX11OXXXXX | Reserved hint, behaves as NOP | -
00000 XXXX111OXXXX | Reserved hint, behaves as NOP | -
00000 XXXX1111xxXXX | DBG -
Integer Test and Compare (one register and immediate)
These instructions are under Data-processing immediate.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| '=1111 |0 0 1 1 0] opc [1] Rn 1(0)[(0)[(0)](0)] imm12
cond

The following constraints also apply to this encoding: cond != 1111 && cond != 1111

Decode fields

Instruction Details

opc
00 TST (immediate)
01 TEQ (immediate)
10 CMP (immediate)
11 CMN (immediate)

Logical Arithmetic (two register and immediate)

These instructions are under Data-processing immediate.
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| '=1111 |0 0 1 1 1] opc [S] Rn | Rd | imm12
cond
The following constraints also apply to this encoding: cond != 1111 && cond != 1111
Decode fields Instruction Details
opc
00 ORR, ORRS (immediate)
01 MOV, MOVS (immediate)
10 BIC, BICS (immediate)
11 MVN, MVNS (immediate)
Load/Store Word, Unsigned Byte (immediate, literal)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| '=1111 |0 1 0[P |U]Jo2|W]|ol] Rn | Rt | imm12
cond
The following constraints also apply to this encoding: cond !'= 1111 && cond !'= 1111
P:W D:ZC odeoiields Rn Instruction Details
I=01]| O 1 1111 LDR (literal)
=01 1 1 1111 LDRB (literal)
00 0 0 STR (immediate) — post-indexed
00 0 1 = 1111 | LDR (immediate) — post-indexed
00 1 0 STRB (immediate) — post-indexed
00 1 1 = 1111 LDRB (immediate) — post-indexed
01 0 0 STRT
01 0 1 LDRT
01 1 0 STRBT
01 1 1 LDRBT
10 0 0 STR (immediate) — offset
10 0 1 I'= 1111 | LDR (immediate) — offset
10 1 0 STRB (immediate) — offset
10 1 1 = 1111 LDRB (immediate) — offset
11 0 0 STR (immediate) — pre-indexed
11 0 1 I= 1111 | LDR (immediate) — pre-indexed
11 1 0 STRB (immediate) — pre-indexed
11 1 1 = 1111 | LDRB (immediate) — pre-indexed
Load/Store Word, Unsigned Byte (register)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| '=1111 |0 1 1[P|[U]o2|W]|ol] Rn | Rt | imm5 |stype| 0 | Rm |
cond

The following constraints also apply to this encoding: cond != 1111 && cond != 1111

Decode fields

P

02

w

ol

Instruction Details

| 0 | 0 | 0 | 0 | STR (register) — post-indexed
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Instruction Details

P 02 W ol

0] 0 0 1 LDR (register) — post-indexed
0 0 1 O | STRT

0 0 1 1 | LDRT

0 1 0 0 STRB (register) — post-indexed
0 1 0 1 LDRB (register) — post-indexed
01 1 O | STRBT

01 1 1 | LDRBT

1 0 0 STR (register) — pre-indexed

1 0 1 LDR (register) — pre-indexed

1 1 0 STRB (register) — pre-indexed
1 1 1 LDRB (register) — pre-indexed

Media instructions

These instructions are under the top-level.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8

7

6 5 4 3

2

1

0

I=1111

| o011

I op0

opl

[1]

Decode fields

Instruction details

op0 opl
OOxXxX Parallel Arithmetic
01000 | 101 | SEL
01000 | 001 | UNALLOCATED
01000 | xx0 | PKHBT, PKHTB
01001 | x01 | UNALLOCATED
01001 | xx0 | UNALLOCATED
0110x | x01 | UNALLOCATED
0110x | XxX0 | UNALLOCATED
01x10 | 001 | Saturate 16-bit
01x10 | 101 | UNALLOCATED
01x11 | x01 Reverse Bit/Byte
01x1x | xxX0 | Saturate 32-bit
01xxx | 111 | UNALLOCATED
01xxx | 011 | Extend and Add
10xxx Signed multiply, Divide
11000 | OO0 | Unsigned Sum of Absolute Differences
11000 | 100 | UNALLOCATED
11001 | XO00 | UNALLOCATED
1101x | X000 | UNALLOCATED
110xx | 111 | UNALLOCATED
1110x | 111 | UNALLOCATED
1110x | x00 Bitfield Insert
11110 | 111 | UNALLOCATED
11111 | 111 | Permanently UNDEFINED
1111x | XO0 | UNALLOCATED
11x0x | X10 | UNALLOCATED
11x1x | x10 | Bitfield Extract
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11xxx

011

UNALLOCATED

11xxx

x01

UNALLOCATED

Parallel Arithmetic

These instructions are under Media instructions.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15

14 13 12 11 10 9 8 7 6 5 4 3

| !=1111

[0 1

1 0 0] opl | Rn |

Rd

[(DIOD[D] BT op2 [1]

cond

The following constraints also apply to this encoding: cond != 1111 && cond != 1111

Decode fields

Instruction Details

opl B op2

000 UNALLOCATED
001 | © 00 SADD16

001 | O | 01 | sAsx

001 | © 10 SSAX

001 | © 11 | ssuBie6

001 | 1 | 00 | sADDs

001 | 1 01 | UNALLOCATED
001 | 1 10 | UNALLOCATED
001 | 1 11 SSUBS

010 | © 00 | QADD16

010 | 0 | 01 | oAsx

010 | © 10 QSAX

010 | © 11 | osuBie

010 | 1 | 00 | QADDS

010 | 1 01 | UNALLOCATED
010 | 1 10 | UNALLOCATED
010 | 1 11 QSUBS

011 | ©0 00 SHADD16

011 | © | 01 | sHASX

011 | © 10 SHSAX

011 | © 11 SHSUB16

011 | 1 00 SHADDS

011 | 1 01 UNALLOCATED
011 | 1 10 UNALLOCATED
011 | 1 11 SHSUBS

100 UNALLOCATED
101 | © | 00 | UADDI16

101 | © 01 UASX

101 | O 10 | usax

101 | © 11 USUBI16

101 | 1 00 UADDS

101 | 1 01 UNALLOCATED
101 | 1 10 UNALLOCATED
101 | 1 11 USUBS

110 | © | 00 | UQADDI16
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Decode fields Instruction Details

opl B op2

110 | © | 01 | uQasx

110 | © 10 UQSAX

110 | © 11 UQSUB16

110 | 1 00 UQADDS

110 | 1 01 UNALLOCATED
110 | 1 10 UNALLOCATED
110 | 1 11 UQSUBS

111 | © 00 UHADD16

111 | © | 01 | UHASX

111 | © 10 UHSAX

111 | © 11 UHSUB16

111 | 1 00 UHADDS

111 | 1 01 UNALLOCATED
111 | 1 10 UNALLOCATED
111 | 1 11 UHSUBS

Saturate 16-bit

These instructions are under Media instructions.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 1312 1110 9 8 7 6 5 4 3 2 1 0
| '=1111 Jo 1 1 0 1[U[1 0] satimm | Rd (WOmmjo o 1 1] Rn |
cond
The following constraints also apply to this encoding: cond != 1111 && cond != 1111
Decodﬁ fields Instruction Details
0 SSAT16
1 USAT16
Reverse Bit/Byte
These instructions are under Media instructions.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 1312 1110 9 8 7 6 5 4 3 2 1 0
[ '=1111 Jo 1 1 0 1fo1]1 1 [D[D]D)]1) Rd [(DID[D](M)]o2] 0 1 1] Rm |

cond

The following constraints also apply to this encoding: cond !'= 1111 && cond != 1111

Decode fields Instruction Details

ol 02

0 0 REV

0 1 REV16
1 0 RBIT

1 1 REVSH

Saturate 32-bit

These instructions are under Media instructions.
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
| '=1111 Jo 1 1 0 1[U[1] satimm | Rd | imm5 Ish|o 1] Rn |
cond
The following constraints also apply to this encoding: cond != 1111 && cond != 1111
Decodﬁ fields Instruction Details
0 SSAT
1 USAT
Extend and Add
These instructions are under Media instructions.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 O
[ '=1111 Jo 1 1 0 1]|U]| op | Rn | Rd [rotate[(0)[(0)]0 1 1 1] Rm |
cond
The following constraints also apply to this encoding: cond !'= 1111 && cond !'= 1111
Decode fields Instruction Details
U op Rn
O | 00 | '= 1111 | sxTAB16
0 | 00 1111 SXTB16
O | 10 | '= 1111 | sSXTaB
0| 10 1111 SXTB
O | 11 | '= 1111 | SXTAH
0|11 1111 SXTH
1|00 | !'= 1111 | UXTAB16
1| 00 1111 UXTB16
1|10 | !'= 1111 | uxTaB
1] 10 1111 UXTB
1| 11| '= 1111 | uxrtaH
1| 11 1111 UXTH
Signed multiply, Divide
These instructions are under Media instructions.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
| '=1111 |0 1 1 1 O] opl | Rd | Ra | Rm | op2 [1] Rn |
cond

The following constraints also apply to this encoding: cond != 1111 && cond != 1111

Decode fields

Instruction Details

opl Ra op2

000 | '= 1111 000 SMLAD, SMLADX — SMLAD

000 | '= 1111 001 SMLAD, SMLADX — SMLADX
000 | '= 1111 010 SMLSD, SMLSDX — SMLSD

000 | '= 1111 011 SMLSD, SMLSDX — SMLSDX
000 1xx UNALLOCATED

000 1111 000 SMUAD, SMUADX — SMUAD
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Instruction Details

opl Ra op2

000 1111 001 SMUAD, SMUADX — SMUADX
000 1111 010 SMUSD, SMUSDX — SMUSD
000 1111 011 SMUSD, SMUSDX — SMUSDX
001 000 SDIV

001 I= 000 | UNALLOCATED

010 UNALLOCATED

011 000 UDIV

011 I= 000 | UNALLOCATED

100 000 SMLALD, SMLALDX — SMLALD
100 001 SMLALD, SMLALDX — SMLALDX
100 010 SMLSLD, SMLSLDX — SMLSLD
100 011 SMLSLD, SMLSLDX — SMLSLDX
100 1xx UNALLOCATED

101 | '= 1111 000 SMMLA, SMMLAR — SMMLA
101 | '= 1111 001 SMMLA, SMMLAR — SMMLAR
101 01x UNALLOCATED

101 10x UNALLOCATED

101 110 SMMLS, SMMLSR — SMMLS
101 111 SMMLS, SMMLSR — SMMLSR
101 1111 000 SMMUL, SMMULR — SMMUL
101 1111 001 SMMUL, SMMULR — SMMULR
11x UNALLOCATED

Unsigned Sum of Absolute Differences

These instructions are under Media instructions.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| !1=1111 |0 1 1 1 1 0 O O] Rd | Ra |  Rm |0 0 0 1] Rn |
cond
The following constraints also apply to this encoding: cond != 1111 && cond != 1111
Decoc}:aﬁelds Instruction Details
= 1111 USADAS
1111 USADS
Bitfield Insert
These instructions are under Media instructions.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ '=1111 Jo 1 1 1 1 1 O] msb | Rd | Isb [0 0 1] Rn |
cond

The following constraints also apply to this encoding: cond != 1111 && cond !'= 1111

Decode fields
Rn

Instruction Details

= 1111 |

BFI
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DeCO(IlfnﬁeldS Instruction Details

| 1111 | BrC

Permanently UNDEFINED

These instructions are under Media instructions.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8

7 6 5 4 3 2 1 O
[ '=1111 Jo 1 1 1 1 1 1 1| imm12 [1 1 1 1] imm4 |
cond
The following constraints also apply to this encoding: cond != 1111 && cond != 1111
Decode fields Instruction Details
cond
OxXXxX UNALLOCATED
10xx UNALLOCATED
110x UNALLOCATED
1110 UDF
Bitfield Extract
These instructions are under Media instructions.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| '=1111 Jo 1 1 1 1[U[1] widthml | Rd | Isb |1 0 1] Rn |
cond
The following constraints also apply to this encoding: cond != 1111 && cond != 1111
Decodg fields Instruction Details
0 SBFX
1 UBFX
Branch, branch with link, and block data transfer
These instructions are under the top-level.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
[ cond [ 10 JopO

Decode fields Instruction details
cond op0

1111 0 Exception Save/Restore
= 1111 0 Load/Store Multiple
1 Branch (immediate)

Exception Save/Restore

These instructions are under Branch, branch with link, and block data transfer.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8

7 6 5 4 3 2 1 O
1 1 111 0 0o[P[U[S[W]L] Rn |

op mode |
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Top-level encodings for A32

Instruction Details

P U S L
O | O | UNALLOCATED
O | O | O | 1 | RFE, RFEDA, RFEDB, RFEIA, RFEIB — Decrement After
O | O [ 1] O SRS, SRSDA, SRSDB, SRSIA, SRSIB — Decrement After
O | 1| 0| 1 | RFE, RFEDA, RFEDB, RFEIA, RFEIB — Increment After
O | 1| 1] O] SRS, SRSDA, SRSDB, SRSIA, SRSIB — Increment After
1| 0| 0| 1 | RFE, RFEDA, RFEDB, RFEIA, RFEIB — Decrement Before
1| 0| 1| O | SRS SRSDA, SRSDB, SRSIA, SRSIB — Decrement Before
1 | 1 | UNALLOCATED
1|1 | 0| 1| RFE, RFEDA, RFEDB, RFEIA, RFEIB — Increment Before
1| 1| 1| O | SRS, SRSDA, SRSDB, SRSIA, SRSIB — Increment Before

Load/Store Multiple

These instructions are under Branch, branch with link, and block data transfer.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
[ '=1111 |1 0 O[P[U]op|W][L] Rn | register list
cond
The following constraints also apply to this encoding: cond !'= 1111 && cond != 1111
Decode fields . .
p U op L register list Instruction Details
010 0 0 STMDA, STMED
010 0 1 LDMDA, LDMFA
011 0 0 STM, STMIA, STMEA
01 0 1 LDM, LDMIA, LDMFD
1 0] STM (User registers)
1|0 0 0 STMDB, STMFD
1|0 0 1 LDMDB, LDMEA
1 1 | OXXXXXXXXXXXXXXX | LDM (User registers)
1|1 0 0 STMIB, STMFA
1|1 0 1 LDMIB, LDMED
1 1 | IXXXXXXXXXXXXXXX | LDM (exception return)
Branch (immediate)
These instructions are under Branch, branch with link, and block data transfer.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0

cond [1 0 1[|H]

imm?24

Decode fields
cond H

Instruction Details

= 1111| 0 | B

= 1111 1 BL, BLX (immediate) — Al

1111 BL, BLX (immediate) — A2

System register access, Advanced SIMD, floating-point, and Supervisor call

These instructions are under the top-level.
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| cond | 11 [ opO | lop1] lop2|

Decode fields

cond op0 op1 op2 Instruction details

0x 03111 System registerload/store-and-64-bit moveUNALLOCATED
10 0 UNALLOCATED
10 10x o} Eloating-point data-processing
1110 rvisor call
1111 = 1
11
= Ox | 11x6
1111
= 10 | 11x@ | O
1111
= | 108x | 1168x | 1
1111
i= 10 10x =
1111

SupervisorSystem callregisterload/store-and 64-bit move

These instructions are under System register access, Advanced SIMD, floating-point, and Supervisor call.

31 302928 27 26252423222120191817161514131211109 8 7 6 5 4 3 2 1 0

| cond | 1111 | |
31302928272625242322212019181716151413121110 9 8 7 6 5 4 3 2 1 @
| | 330 | bpd | | 333 | |

Decode fields
condep0
111106x0 System register 64-bit meve UNALLOCATED

= 111100x8 | SvCSystem registerload/store

Instruction details

Unconditional Advanced SIMD and floating-point instructions

Svst ist 64-bit
These instructions are under System register access, Advanced SIMD, floating-point, and Supervisor callSystem
g load/ 1 64-bi .
3130202827262524232221201931817161531431312113109 8 Z 6 5 4 3 2 1 ©
| eond |1 1 0 0 D[D[OJE] Re2 | Rt |2 1 Tlepls eoper | CERm |
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Top-level encodings for A32

313029282726252423222120191831/7/31635343331231109 8 # 6 5 4 3 2 % 6

| eond |1 1 O|/P|U[D[W[L] Rn

| ©ERd |1 I 1lepis imm8

Decode fields

cond PUW D L Rn CRd cpl5
1=1111 | 1l=0060 | 0 1=0101 o]
d=1111 1=2066 | 0 | 1 1111 0101 2]
1=1111 | 1=000 1
1=1111 | 1=0060 | 1 0101 2]
1=1111 0 8| e 0101 2]
1=1111 0 g3 |[1=31111 0101 2]
1=1111 010 0|8 0101 2]
1=1111 610 g3 |[1=1111 0101 2]
1=1111 1x0 0|8 0101 o]
1=1111 Ix0 0|12 1=3111 01061 2]
1=1111 Ix1 0|10 0101 2]
1=1111 Ix1 0|2 1=3111 0161 2]
1111 1=_000

31 302928272625242322212019181716151413121110 9 8 7 6 5 4 3 2 1 0

| 111111 | op0 | | opl I |1 lop2| op3 | [op4] [op5| |
31302028272625242322212019181716151413121110 9 8 7 6 5 4 3 2 1 o
| end | 33310 | ep8 | bpr | | 30 [ep2 | ep3] (9] |
Pecode-fields Inst t Jetail

cond opo epl  eop2 op3

1111 Bxoex 1=00 o}

1111 1xP0 1=00

1111 1x311 000 | 1l=060| 1

1111 1x311 Ik |1=00| 2

1=1111 1x311 u i

1=1111 1x311 2]

1=13117 | 1=1x11

The following constraints also apply to this encoding:

Decode fields

op0<2:1>!=11

Instruction details

op0 opl op2 op3 op4 op5
OxX 0x Advanced SIMD three registers of the same length
extension

100 0 = 0 0 VSELEQ, VSELGE, VSELGT, VSELVS
00

101 | OOXXXX 0 I= 0 Floating-point minNum/maxNum
00

101 | 110000 0 I= 1 0 Floating-point extraction and insertion
00

101 | 111xxx 0 I= 1 0 Floating-point directed convert to integer
00
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10x

00

Advanced SIMD and floating-point multiply with accumulate

10x

|

Ox

Advanced SIMD and floating-point dot product

AdvancedFloating-point SIMDconditional three registers of the same length extensionselect

These instructions are under Unconditional Advanced SIMD and floating-point instructionsEleating-peint-data-

pro€eessing.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 2 1 0
[1 1111 10[opl[Dfop2| Vn | |1lop3/0op4N[Q[M[U[] Vm |
Size
i Decode fields Instruction Details Architecture
oplee op2size op3 op4 Q U Version
x160 0x 0 0 O | 0 | VCADDVSELEQ, VSELGE, Armv8.3
VSELGE VSELVS — 64-bit
SIMD vectorVMSELEQ
x161 Ox VSELEQ, 0 O | 1 | UNALLOCATED |
VSELGE,
VSELGT,
VSELVSO-VSELVYS
x1 Ox01 OUNALLOCATED 0 1 | O | VCADD — 128-bit SIMD Armv8.3
vector
x1310 Ox VSELEQ, 0 1 | 1 | UNALLOCATED |
VSELGE,
VSELGT,
VSELVSO-VSELGE
0011 0x 0 0 UNALLOCATED I
00 0x 0 1 UNALLOCATED I
00 00 1 0 O | O | UNALLOCATED |
00 00 1 0 O | 1 | UNALLOCATED |
00 00 1 0 1|0 | vMMLA Armv8.6
00 00 1 0 1 | 1 | UNALLOCATED |
00 00 1 1 O | O | VDOT (vector) — 64-bit Armv8.6
SIMD vector
00 00 1 O | 1 | UNALLOCATED |
00 00 1 1 | O | VDOT (vector) — 128-bit Armv8.6
SIMD vector
00 00 1 1 1 | 1 | UNALLOCATED |
00 01 1 0 UNALLOCATED |
00 01 1 1 UNALLOCATED I
00 10 0 0 1 | VFMAL (vector) Armv8.2
00 10 0 1 UNALLOCATED |
00 10 1 0 0 UNALLOCATED |
00 10 1 0 1| 0 | vsmMMLA Armv8.6
00 10 1 0 1|1 | vumMmLA Armv8.6
00 10 1 1 O | O | VSDOT (vector) — 64-bit Armv8.2
SIMD vector
00 10 1 1 O | 1 | VUDOT (vector) — 64-bit Armv8.2
SIMD vector
00 10 1 1 1 | O | VSDOT (vector) — 128-bit Armv8.2
SIMD vector
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. Decode fields Instruction Details Archite'cture
oplee op2size op3 p4 Q U Version

00 10 1 1 1 | 1 | VUDOT (vector) — 128-bit Armv8.2
SIMD vector

00 11 0 0 1 | VFMAB, VFMAT (BFloat16, Armv8.6
vector)

00 11 0 1 UNALLOCATED I

00 11 1 0 UNALLOCATED I

00 11 1 1 UNALLOCATED |

01 10 0 0 1 | VFMSL (vector) Armv8.2

01 10 0 1 UNALLOCATED |

01 10 1 0 0 UNALLOCATED |

01 10 1 0 1| 0 | vusMMLA Armv8.6

01 10 1 0 1 | 1 | UNALLOCATED |

01 10 1 1 O | O | VUSDOT (vector) — 64-bit Armv8.6
SIMD vector

01 10 1 1 1 | UNALLOCATED |

01 10 1 1 1 | O | VUSDOT (vector) — 128-bit | Armv8.6
SIMD vector

01 11 UNALLOCATED I

1x 0 0 0 | vcMLA Armv8.3
10 11 UNALLOCATED |
11 11 UNALLOCATED |

Floating-point minNum/maxNum

These instructions are under

proeessing.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
[1 1111110 1|[D[0 O] Vn | vd [1 0[!'=00|N|op|M|O] Vm |

size

The following constraints also apply to this encoding: size != 00 && size != 00

Decode fields

Instruction Details

op
0 VMAXNM
1 VMINNM
Deceode fields . <
size op Instruction Details
2] VMAXNM
01 UNALLOCATED
1 VMINNM

Floating-point extraction and insertion

These instructions are under

proecessing.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
[1 1111110 1[D[1 1 00 0 O] vd [1 o[!'=00]op[1[M][O] Vm |

size

The following constraints also apply to this encoding: size != 00 && size != 00
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Decode fields Instruction Details Architecture Version

size op
01 UNALLOCATED -
10 0 VMOVX Armv8.2
10 1 VINS Armv8.2
11 UNALLOCATED -

Floating-point directed convert to integer

These instructions are under
processing.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
/1 1 111110 1|[D[1 1 1]ol] RM | vd [1 0[!=00]op/1[M[O] Vm |
size

The following constraints also apply to this encoding: size != 00 && size != 00

Decode fields Instruction Details

ol RM

0 00 VRINTA (floating-point)
0 01 VRINTN (floating-point)
0 10 VRINTP (floating-point)
0 11 VRINTM (floating-point)
1 00 VCVTA (floating-point)

1 01 VCVTN (floating-point)
1 10 VCVTP (floating-point)

1 11 VCVTM (floating-point)
Decode fields i -
o1 RM sizd Instruction Details
0 | 68 VRINTA (floating-point)
g | 61 VRINTN-(floating-point)

01 | UNALLOGATED
g | 30 VRINTP (floating-point)
0 | 11 VRINTM (floating-point)
i | o6 VCVTA (floating-point)
i | 81 VCVIN (floating-point)
1 | 16 VCVTP (floating-point)
i (31 VCVIM (floating-peint)

AdvancedFleating-point SIMDdata-processing and{(twe floating-point multiply with
accumulateregisters)

These instructions are under
processing.

313029282726252423222120191817161514131211109 8 7 6 5 4
[1 1 1 11 1 1 0JoplD] op2 | Vn | vd [1 0 0 O[N[Q|M]U]
313029282726252423222120191817161514131211109 8 7 6 5 4
| I=31311 [2 32 2 0 1|B|Z % [ol] epe2 | Vd |2 0 size [e3[2[M][D] Vm |

w

w
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Decode fields

op2epe2  Qsize

Ue3

Top-level encodings for A32

Instruction Details

Architecture
Version

0]

VCMLA (by element) — 128-bit SIMD vector of half-
precision floating-point

Armv8.3

06

UNALLOCATED

00009

ONAELOCATEDVEMAL (by scalar)

Armv8.2-

01666

VEMSL (by scalar)VABS

Armv8.2-

10

UNALLOCATED

VMOV (rogistor) — sing] — :

11

VFMAB, VFMAT (BFloat16, by scalar)

VMOV (rogistor) — doubl — :

VCMLA (by element) — 64-bit SIMD vector of single-
precision floating-point

VNEG

UNALLOCATED

VSORT

o= |® OdDI—'dDI—‘l—‘E

VCMLA (by element) — 128-bit SIMD vector of single-

precision floating-point

LIL/E|6EB |8 =

5B

i

| RO (O OO (H (O OO

b

H= |

O e

B[R R R RR R ] OOeed@E e deed @ e dde —dFd Reoodlo o e

FRREs FEEERE E ERELERERSEREEEEEE
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AdvancedFloating-poeint SIMDmove and floating-point dot productimmediate

These instructions are under
processing.

31 30292827262524 23 222120191817161514131211109 8 7 6 5 4 3 2 1 0

1 1 1 1 1 1 1 0opl/D]| op2 | vn | vd [1 1 Olop4N[Q[M|U| Vm |
313020282726252423222120191817161514131211109 8 7 6 5 4 3 2 1 ¢
| 1I=13111 |1 1 1 0 1|/DB|2 1| imm4H | Vd |2 0| size (©))0[©) 0] immaL |

Decode fields Instruction Detail Architecture
oplsize op2 op4 Q U structlo etalls Version
0 00 0 UNALLOCATED -

001 00 1 0 | O | VDOT (by element)VMOV Armv8.6Armv8.2
Gmmediate) — 64-bit SIMD
vectorhalf-precision-sealar

03106 VMOV 1 1 | UNALLOCATED -

{immediate)B0-single-

011 00 1 1 | O | VDOT (by element)VMOV Armv8.6-
Gmmediate) — 128-bit SIMD
vectordeuble-preeision
secalar

0 01 0 UNALLOCATED |

0 10 0 UNALLOCATED i

0 10 1 O | O | VSDOT (by element) — Armv8.2
64-bit SIMD vector

0 10 1 O | 1 | VUDOT (by element) — Armv8.2
64-bit SIMD vector

0 10 1 1 | O | VSDOT (by element) — Armv8.2
128-bit SIMD vector

0 10 1 1 | 1 | VUDOT (by element) — Armv8.2
128-bit SIMD vector

0 11 UNALLOCATED |

1 0 UNALLOCATED I

1 00 1 O | O | VUSDOT (by element) — Armv8.6
64-bit SIMD vector

1 00 1 0 1 | VSUDOT (by element) — Armv8.6
64-bit SIMD vector

1 00 1 1 | O | VUSDOT (by element) — Armv8.6
128-bit SIMD vector

1 00 1 1 | 1 | VvSUDOT (by element) — Armv8.6
128-bit SIMD vector

1 01 1 UNALLOCATED |

1 1x 1 UNALLOCATED I

Advanced SIMD and System register load/store and 64-bit move

Floati int dat ing(t! isters)

These instructions are under System register access, Advanced SIMD, floating-point, and Supervisor callEleating-peint
coloproceesing,
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31302928272625242322212039381716351413123130 9 8 7 6 5 4 3 2 2 @
| I=1311 [2 1 I 0[e0|B]| b2 | Va | Vd |2 0 size [N[e2|/M[D] Vm |

00:0l
1=111
000
000
001
001
010
010
011
011
100
101
101
110
110

B O O®H OO H(®(H (O i

313029282726252423222120191817161514131211109 8 7 6 5 4 3 2 1 0
| '=1111 | 110 | op0 | [1] opl | |

BErodenee Instruction details

op0 opl
00x0 0Ox Advanced SIMD and floating-point 64-bit move
00x0 11 System register 64-bit move

I= QOx0 (0)% Advanced SIMD and floating-point load/store
I= Q0x0 | 11 System register load/store
10 | UNALLOCATED

AdvancedSystem SIMDregister and floating-point 64-bit32-bit move

31 30 29 28 27 26 252423 222120191817161514131211109 8 7 6 5 4 3 2 1 0

| '=1111 |1 1 0 0 0[D]0 [op] Rt2 | Rt |1 0] size | opc2 | M]o3] vm |
cond

313020282726252423222120101817161514131211109 8 7 8543210

| eond |1 1 1 O] oper |L| ©€Ra | Rt |2 1 1lepl5 ope2 (1| CERm |

The following constraints also apply to this encoding: cond != 1111 && cond != 1111

BiRro e Instruction Details

D op size opc2 o3

0 UNALLOCATED

1 0 | UNALLOCATED

1 0x 00 1 | UNALLOCATED

1 01 UNALLOCATED

1 0 10 00 1 VMOV (between two general-purpose registers and two single-precision
registers) — from general-purpose registers
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Decode fields

5 Instruction Details
D op size opc2 o3
1 0 11 00 1 | VMOV (between two general-purpose registers and a doubleword floating-
point register) — from general-purpose registers
1 1x UNALLOCATED
1 1 10 00 1 | VMOV (between two general-purpose registers and two single-precision
registers) — to general-purpose registers
1 1 11 00 1 | VMOV (between two general-purpose registers and a doubleword floating-
point register) — to general-purpose registers
Decode-fields
Instruction Detail
cond L
1=1111 | O | MCR
1=1111 | 1 | MRC
1111 UNALLOGATED

System register 64-bit move

313029282726252423222120191817161514131211109 8 7 6 5 4 3 2 10
| '=1111 |1 1 0 0 Oo|/DJO]L] Rt2 | Rt |1 1 1fpl5 opcl | CRm
cond

The following constraints also apply to this encoding: cond != 1111 && cond != 1111

Becodelfields e T INGTAIIE

D L

0 UNALLOCATED
1 0 MCRR

1 1 MRRC

31302028272625242322212019181716151413121110 9 8 7 6 5 4 3 2 1 @
| eend | 3133 | |

1111 = | UNALLOGATED
1= 1111 | svc

Advanced SIMD andthree floating-pointregisters load/storeof the same length extension

These instructions are under Advanced SIMD and System register load/store and 64-bit moveSystem registeraceess;

31 30292827 26252423222120191817161514131211109 8 7 6 5 4 3 2 1 0

| 1=1111 |1 1 Oo[P|[U|D|W]|L] Rn | vd [1 0] size | imm8 |
cond

31302028272625242322212010181716151413 121110 9 8 7 e 5 332108

(T 2 333131 0/ept|D[op2| VA | Vd [Top3(0Jep4AN|Q[M|U] Vm |

The following constraints also apply to this encoding: cond != 1111 && P:U:D:W != 00x0 && cond != 1111
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Instruction Details

P U W L Rn size imm38
00 1 UNALLOCATED
0|1 0x UNALLOCATED
0|1 0 10 VSTM, VSTMDB, VSTMIA
01 0 11 | XXXXXXX0 | VSTM, VSTMDB, VSTMIA
01 0 11 | XXXXXXX1 | FSTMDBX, FSTMIAX — Increment After
01 1 10 VLDM, VLDMDB, VLDMIA
01 1 11 | XXXxXxxx0 | VLDM, VLDMDB, VLDMIA
0|1 1 11 | xxxXxxxx1 | FLDM*X (FLDMDBX, FLDMIAX) — Increment After
1 0|0 VSTR
1 0 00 UNALLOCATED
1 0 |1]|!'= 1111 VLDR (immediate)
1|0 1 0x UNALLOCATED
1|0 10 10 VSTM, VSTMDB, VSTMIA
1|0 110 11 | XXXXXXX0 | VSTM, VSTMDB, VSTMIA
1|0 110 11 | xXXXXxXxX1 | FSTMDBX, FSTMIAX — Decrement Before
1|0 1|1 10 VLDM, VLDMDB, VLDMIA
1|0 1|1 11 | XXXXXXX0 | VLDM, VLDMDB, VLDMIA
1|0 1|1 11 | xxxXxxxx1 | FLDM*X (FLDMDBX, FLDMIAX) — Decrement Before
1 0 |1 1111 VLDR (literal)
1|1 1 UNALLOCATED

Deceode fields Instruction_Detail Architecture Versi
epl op2 eop3 epd Q U
I | Ox 0] 10} 0 | O | VCADD — 64-bit SIMD vector Armv8.3
X1 | Ox ] 0} 0 | 1 | UNALLOGATED |
X1 | Ox 0] 0} 1 | O | VCADD—128bit SIMD vector Armv8.-3
Xt | Bx ] 0} 1 | 1 | UNALLOGATED |
00 | 6x ] e UNALLOCATED |
00 | 6x ] 1 UNALLOGCATED |
00 | 00 1 10} 0 | O | UNALLOGATED |
00 | 68 1 10} 0 | 1 | UNALLOGATED |
00 00 1 10} 1| 60 | vwaMIA Armv8.6
00 | 68 1 0} 1 | 1 | UNALLOGATED |
00 | 68 1 1 0 | 0 | VDOT (veector)—64-bit SIMD vector Armv8.6
ge | ee 1 1 0 | 1 | UNALLOGATED |
00 | 60 1 1 1 | 0 | VDOT (veetor)—128-bit SIMD vector Armv3.6
00 | 68 1 1 1 | 1 | UNALLOGATED |
00 | 61 1 10} UNALLOGATED |
00 | 61 1 1 UNALLOGATED |
00 10 0] 10} 1 | VEMAL (veetor) Armv8.2
00 | 18 ] 1 UNALLOGATED |
00 10 1 0} 10} UNALLOGATED |
ge | 18 1 e 1 | O | vSMMIA Armv8.6
00 | 10 1 1o} 1| 31 | vuMMEA Armv8.6
ge | 10 1 1 0 | 0 | VSDOT (vector)— 64-bit SIMD vector Armv8.2
00 | 10 1 1 0 | 1 | VUDOT (vector)—64-bit SIMD vector Armv8.2
00 | 18 1 1 1 | O | VSDOT (vector)—128-bit SIMD vector | Armv8.2
00 | 10 1 1 1 | 1 | VUDOT (veector)—128-bit SIMD vector | Armv8.2
00 | 11 ] 0} 1 | VEMAB, VEMAT (BEloatl6, vector) Armv8.6
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epl op2 op3 oepli Q U Instruction Details Architecture Version
g0 | 11 ] 1 UNALLOCATED |
g0 | 11 1 1o} UNALLOCATED |
00 11 1 1 UNALLOGATED I
01 10 e 0} 1 | VEMSL (vector) Armv8.2
01 10 0] 1 UNALLOGATED |
01 10 1 10} 10} UNALLOGATED |
01 10 1 0} 1 | 0 | vUSMMEA Armv8.6
01 10 1 0} 1 | 1 | UNALLOGATED |
er | 18 1 1 0 | O | VUSDOT (vector)—64-bit SIMD vector | Armv8.6
01 | 10 1 1 1 | UNALLOCATED |
g1 | 10 1 1 1 | 0 | VUSDOT (vector) — 128-bit SIMD vector | Armv8.6
01 11 UNALLOGATED |

Ix 0] 10} 0 | veMrIA Armv8.3
10 11 UNALLOGATED |
11 11 UNALLOGATED |

SystemAdvanced registerSIMD load/storetwo registers-and a scalar extension

31302928272625242322212019181716151413121110 9 8

7 6 543210

| '=1111 [1 1 Oo|PJU|D|W]|L] Rn

CRd [1 1 1 cplf

cond

31302928272625242322212019183173161315341312311 10 9 8 # 6 5 4 3 2 1 O

|2 2 1 1111 0eplD|op2|

Vin

vd

|Tlep3/0jepaN|Q[M[Y |

The following constraints also apply to this encoding: cond != 1111 && P:U:D:W != 00x0 && cond = 1111

Decode fields

Instruction Details

P:U:W D L Rn CRd cpl
I= 000 | O I= 0101 0 UNALLOCATED
=000 0 |1 1111 0101 0 LDC (literal)
I= 000 1 UNALLOCATED
I= 000 | 1 0101 0 UNALLOCATED
0x1 0|0 0101 0 STC — post-indexed
Ox1 0 1 = 1111 0101 0 LDC (immediate) — post-indexed
010 0 0 0101 0 STC — unindexed
010 01 ]('= 1111 0101 0 LDC (immediate) — unindexed
1x0 0|0 0101 0 STC — offset
1x0 01 ]('= 1111 0101 0 LDC (immediate) — offset
1x1 0|0 0101 0 STC — pre-indexed
1x1 0|1 ('= 1111 0101 0 LDC (immediate) — pre-indexed
Decode-fields Inst tion Detail Architecture
epl op2 eop3 epd Q U i
e e o) 0 | VCMLA (by element) —halfprecisionscalar | Armv8.3
e 00 2] e 1 | VEMAL (by scalar) Armv8.2
8 00 e 1 UNALLOGATED |
10} 00 1 10} UNALLOGATED |
10} 00 1 1 0 | 0 | VDOT (byelement)—64-bit SIMD veetor Armv8.6
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Decode-fields Inst tion Detail Architecture
opl op2 ep3 ep4 Q U Versien
8 00 1 1 1 | UNALLOGCATED |
o] 00 1 1 1 | 0 | VDOT (byelement)— 128-bit SIMD veetor Armv8.6
o] 01 ] e 0 | UNALLOCATED |
10} 01 0] 10} 10 B MERASL (b cenlam S4B BN aslor Armv8.2
10} 01 o} e | 3 MEbAs L e conlee OO LI B voclor Armv8.2
10} 01 0] 1 UNALLOGATED |
10} 01 1 0} UNALLOGATED |
10} 10 0] UNALLOGATED |
8 10 1 0} UNALLOGCATED |
8 10 1 u 0 | O | VSDOT (byelement)—64-bit SIMD vector Armv8.2
o] 10 1 1 0 | 1 | VUDOT (by element) — 64-bit SIMD vector Armv8.2
10} 10 1 1 1 | 0 | VSDOT (byelement) — 128-bit SIMD vector Armv8.2
10} 10 1 1 1 | 1 | VUDOT (byelement) — 128-bit SIMD vector | Armv8.2
10} 11 0] 10} 0 | UNALLOGATED |
10} 11 ] 0} 1 | VEMAB, VEMAT (BEleatl6, by secalar) Armv8.6
0} 11 0] 1 UNALLOGATED |
10} 11 1 UNALLOGCATED |
1 ] e 0 | VCMLA (by element) —single-precision Armv8.3
scalar
1 00 1 1 9 | © | VUSDOT (by element) —64-bit SIMD vector | Armv8:6
1 00 1 1 0 | 1 | VSUDOT (by element) — 64-bit SIMD vector | Armv8.6
1 00 1 1 1 | O | VUSDOT (by element) — 128-bit SIMD vector | Armv8.6
3 00 X 3 1 | 1 | VSUDOT (byelement)—128-bit SIMD vector | Armv8.6
1 0] 1 UNALLOGATED i
1 01 1 1 UNALLOGATED |
3 Ix 1 3 UNALLOGATED |
3 1 0} UNALLOGATED |

Floating-pointAdvanced data-processingSiMD load/store-and 64-bit move

These instructions are under System register access, Advanced SIMD, floating-point, and Supervisor call.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6

5 4 3 2 1 0

| !=1111 | 1110310 |

op0

| 10 | jop1]

[0]

Decode fields

Instruction details

op0 opl
1x1100x0 1
1x11l= 0
00x0
I= 1x11 Floating-point data-processing (three registers)
Floating-pointAdvanced data-processingSIMD (twoand registers)floating-point 64-bit move

These instructions are under Floating

point data-

31 30292827 26252423222120191817161514131211109 8 7 6 5 4 3 2 1 0

| 1=1111 |1 1 1 0 1|D|1 1ol] opc2 | vd [1 0] size [03[1[M]|0] Vm |

cond
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31302028272625242322212019381/31631534133123113109 8 # 6 5 4 3 2 £ ©

op size ope2 o3

Inst tion Detail

0 | UNALLOCATED

| I=31311 |2 1 0 0 b|Bb|06lep|] RE2 | Rt |2 0] size |ope2 [M [o3] Vm |
cond
The following constraints also apply to this encoding: cond !'= 1111 && cond != 1111
Decode fields . . Architecture
ol opc2 size 03 EISERSCHTRTETS Version
00 UNALLOCATED |

0 | 000 | 01 0 | UNALLOCATED !

0 | 000 1 | vaBs |

0 000 10 0 VMOV (register) — single-precision scalar -

0 000 11 0 VMOV (register) — double-precision scalar |

0 | 001 0 | VNEG !

0 | 001 1 | VSQRT :

0 010 0 VCVTB — half-precision to double-precision -

0 | 010 | 01 UNALLOCATED !

0 010 1 | VCVTT — half-precision to double-precision |

0 011 01 0 | VCVTB (BFloat16) Armv8.6
0 011 01 1 | VCVTT (BFloat16) Armv8.6
0 011 10 0 VCVTB — single-precision to half-precision |

0 011 10 1 VCVTT — single-precision to half-precision |

0 011 11 O | VCVTB — double-precision to half-precision |

0 011 11 1 VCVTT — double-precision to half-precision -

0 100 0 | vcMmp — A1 |

0 100 1 | vCMPE — A1 |

0 101 0 | vcmp — A2 I

0 101 1 | vVCMPE — A2 I

0 110 0 | VRINTR |

0 110 1 | VRINTZ (floating-point) |

0 111 O | VRINTX (floating-point) I

0 111 01 1 | UNALLOCATED :

0 111 10 1 VCVT (between double-precision and single-precision) — single- -

precision to double-precision
0 111 11 1 VCVT (between double-precision and single-precision) — double- | -
precision to single-precision

1 000 VCVT (integer to floating-point, floating-point) -

1 | 001 01 UNALLOCATED !

1 | 001 10 UNALLOCATED !

1 | 001 11 0 | UNALLOCATED |

1 001 11 1 | vjovr Armv8.3
1 01x VCVT (between floating-point and fixed-point, floating-point) |

1 100 0 | VCVIR !

1 100 1 | VCVT (floating-point to integer, floating-point) |

1 101 0 | VCVIR g

1 101 1 VCVT (floating-point to integer, floating-point) |

1 11x VCVT (between floating-point and fixed-point, floating-point) |

Decode-fields

D
2]
3
3

0%

90

a UNALLOGATED
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o o |§
£l B [§

o
5

| B e |8

o
i

31 30 29 28 27 26 252423 222120191817161514131211109 8 7 6 5 4 3 2 1 0

| '=1111 |1 1 1 0 1[DJ1 1]

imm4H | vd [1 0] size [(0)] 0 [(0)] O]

imm4L

cond

31302028272625242322212019381/161534133123113109 8 # 6 5 4 3 2 £ ©

| I=1111 |1 1 O[P|U[D[W[L]

Rn | Vd |2 0] size | imm8

cond

The following constraints also apply to this encoding: cond != 1111 && B:E:BDW-1=00x0-&& cond != 1111

Decode fields
size

Instruction Details

Architecture Version

00 UNALLOCATED |
01 VMOV (immediate) — half-precision scalar Armv8.2
10 VMOV (immediate) — single-precision scalar -
11 VMOV (immediate) — double-precision scalar | -
P U W E Rn size imm38
|98 |2 UNALLOGCATED
0| 2 Ox UNALLOGATED
0| 2 ] 10 VSTM, VSTMDB, VSTMIA
0| 2 ] 11 | Xooxxd | VSTM, VSTMDB, VSTMIA
0| 2 ] 11 | 000l | ESTMDBX, ESTMIAX — Increment After
0| 2 1 10 VLDM, VEDMDB, VEDMIA
0| 2 1 11 | X000 | VDM, VEDMDB, VEDMIA
0| 2 1 11 | 00000 | ELDM*X(FLDMDBX, ELDMIAX) — Increment After
1 0| e VSTR
1 ] 00 UNALLOGATED
1 g |3 |1=1111 VLDR (immediate)
i1 06| 2 Ox UNALLOGATED
i1/ 06|12 @8 10 VSTM, VSTMDB, VSTMIA
i1/ 06| 2 @8 J1 | 0000060 | VSTM, VSTMDB, VSTMIA
i1 06| 8@ 11 | 000000 | ESTMDBX, ESTMIAX — Deerement Before
i/ |2 |3 10 VLDM, VLDMDB, VLDMIA
i/ |2 2 11 | X000 | VDM, VLDMDB, VLDMIA
11062 |2 11 | 00000 | ELDM*X(ELDMDBX, ELDMIAX) — Decrement Before
1 10 S 1111 VLDR {iteral)
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Floating-point data-processing (three registers)

These instructions are under

and-Supervisor-call.

313029282726252423222120191817161514131211109 8 7 6 5 43 210

| 1=1111 |1 1 1 0/[o0|D]| 01 | Vn | vd [1 0] size [N[o2[M]| 0] Vm |
cond

The following constraints also apply to this encoding: cond != 1111 && 00:D:0l != 1x11 && cond != 1111

Decode fields Instruction Details

00:01 size 02

I= 111 | 00 UNALLOCATED
000 0 VMLA (floating-point)
000 1 VMLS (floating-point)
001 0 | VNMLS
001 1 | vNMLA
010 0 VMUL (floating-point)
010 1 | vNnMUL
011 0 VADD (floating-point)
011 1 VSUB (floating-point)
100 0 | vbv
101 0 | VFNMS
101 1 VENMA
110 0 VFMA
110 1 | vFMS

Advanced SIMD and System register 32-bit move

These instructions are under System register access, Advanced SIMD, floating-point, and Supervisor call.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ '=1111 | 1110 [ op0 | 120 op1 | [EEEEE] |
Decode fields Instruction details Archite.cture
op0 opl version
000 00001 | VMOV (between general-purpose register-and half- -Armv8.2
precision)UNALLOCATED
000 00110 | VMOV (between general-purpose register and half-precision)VMOV Armv8.2-
(bot 1 ot ! cinal B
0003111 | 010310 | VMOV (between general-purpose register and single-precision)Eleating- -
int ial ist
001 | 01011 | Advanced SIMD 8/16/32-bitelemes move/duplicate UNALLOCATED -
01x 010 UNALLOCATED |
10x 010 UNALLOCATED |
110 010 UNALLOCATED |
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A32

111 010 Floating-point move special register -
011 Advan IMD 8/16/32-bit element mov li -
10x UNALLOCATED |
11x System register 32-bit move |

Floating-point move special register

These instructions are under Advanced SIMD and System register 32-bit moveA

\

necad /] a) N-BO
v anicC o oV ainta noadciiig-po

32-bit-move.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ '=1111 |1 1 1 0 1 1 1][L| reg | Rt [1 0 1 0/[00)]0)]1]0)(0)0)]0)]
cond

The following constraints also apply to this encoding: cond != 1111 && cond != 1111

Decode fields

Instruction Details

L
0 VMSR
1 VMRS

Advanced SIMD 8/16/32-bit element move/duplicate

These instructions are under Adwv.

32-bit move.

n

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8

7 6 5 4 3

2 1

0

'=1111

[1 1 1 0] opcl [L] Vn | Rt

[1 0 1 1[NJopc2[1]0)]0)0)]0)

cond

The following constraints also apply to this encoding: cond !'= 1111 && cond != 1111

Decode fields

Instruction Details

opcl L opc2

OxXx 0 VMOV (general-purpose register to scalar)
1 VMOV (scalar to general-purpose register)

Ixx | O 0x VDUP (general-purpose register)

Ixx | 0 1x UNALLOCATED

System register 32-bit move

These instructions are under Advanced SIMD and System register 32-bit move.
3130292827 2625242322212019181716151413121110 9 8

7 6 543210

I=1111

|1 1 1 0] opcl |[L] CRn | Rt

|1 1 1 [cplf

opc2

[1]

CRm

cond

The following constraints also apply to this encoding: cond != 1111 && cond != 1111

Decode fields

Instruction Details

L
0 MCR
1 MRC
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Unconditional instructions

These instructions are under the top-level.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
| 11110 | op0 | lop1]

Decode fields Instruction details

op0 opl

00 Miscellaneous

01 Advanced SIMD data-processing

1x 1 Memory hints and barriers

10 0 Advanced SIMD element or structure load/store
11 0 UNALLOCATED

Miscellaneous

These instructions are under Unconditional instructions.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

| 1111000 | op0 | [  opl |
Decode fields Instruction details Architecture version
op0 opl
OXXXX UNALLOCATED -

10000 | xxXOx | Change Process State -
10001 | 1000 | UNALLOCATED -
10001 | X100 | UNALLOCATED -
10001 | xx01 | UNALLOCATED -
10001 | 0000 | SETPAN Armv8.1
1000x | 0111 | UNALLOCATED -
10010 | 0111 | CONSTRAINED UNPREDICTABLE | -
10011 | 0111 | UNALLOCATED -
1001x | XxXOX | UNALLOCATED -
100xx | 0011 | UNALLOCATED -
100xx | Ox10 | UNALLOCATED -
100xx | 1X1X | UNALLOCATED -
101xx UNALLOCATED -
11xxx UNALLOCATED -

The behavior of the CONSTRAINED UNPREDICTABLE encodings in this table is described in CONSTRAINED
UNPREDICTABLE behavior for A32 and T32 instruction encodings

Change Process State

These instructions are under Miscellaneous.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
[1 11100010 0 0 0]Jimod|M[oplOO]O)]O)]OO]E]JA]I[F]0] mode |

Decode fields
imod M op mode

1 | OXXXX | SETEND
0 CPS, CPSID, CPSIE

Instruction Details
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Decode fields

M

Instruction Details
op mode

| 1 | 1xxxx | UNALLOCATED

Advanced SIMD data-processing

These instructions are under Unconditional instructions.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5

4

3

2 1

1111001

| lopQ)

lop1]

Decode fields
op0

opl

Instruction details

0

Advanced SIMD three registers of the same length

1

0

Advanced SIMD two registers, or three reqgisters of different lengths

1

1

Advanced SIMD shifts and immediate generation

Advanced SIMD three registers of the same length

These instructions are under Advanced SIMD data-processing.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3

1 1 11 0 0 1[U[0][D] size | vn | Vd |

opc [IN[Q[M]o1]

Decode fields

Instruction Details

Architecture Version

U size opc Q ol
0 Ox | 1100 1 | VFMA -
0 (0)% 1101 0 VADD (floating-point) -
0 Ox | 1101 1 | VMLA (floating-point) -
0 | Ox | 1110 0 | VCEQ (register) — A2 -
0 0x 1111 0 VMAX (floating-point) -
0 Ox | 1111 1 VRECPS -
0000 O | VHADD -
0 00 0001 1 VAND (register) -
0000 1 | vQaDD -
0001 O | VRHADD -
0 00 | 1100 0 SHA1C -
0010 0 | VHSUB -
0 01 0001 1 VBIC (register) -
0010 1 | vqosus -
0011 0 VCGT (register) — Al -
0011 1 VCGE (register) — Al -
0 01 | 1100 0 SHA1P -
0 1x | 1100 1 | VFMS -
0 1x | 1101 O | VSUB (floating-point) -
0 1x | 1101 1 | VMLS (floating-point) -
0 1x | 1110 0 UNALLOCATED -
0 1x | 1111 0 VMIN (floating-point) -
0 1x | 1111 1 VRSQRTS -
0100 0 VSHL (register) -
0 1000 0 VADD (integer) -
0 10 0001 1 VORR (register) -
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Top-level encodings for A32

Instruction Details

Architecture Version

U size opc Q ol
0 1000 1 | vrstT
0100 1 | VQSHL (register)
0 1001 0 | VMLA (integer)
0101 O | VRSHL
0101 1 | VORSHL
0 1011 0 | VQDMULH
0 10 | 1100 0 SHA1M
0 1011 1 | VPADD (integer)
0110 0 VMAX (integer)
0 11 0001 1 VORN (register)
0110 1 | VMIN (integer)
0111 0 VABD (integer)
0111 1 VABA
0 11 | 1100 0 SHA1SUO
1 Ox | 1101 0 VPADD (floating-point)
1 (0)% 1101 1 VMUL (floating-point)
1 Ox | 1110 0 | VCGE (register) — A2
1 Ox | 1110 1 VACGE
1 Ox [1111] © 0 | VPMAX (floating-point)
1 Ox | 1111 1 VMAXNM
1 00 | 0001 1 | VEOR
1001 1 | VMUL (integer and polynomial)
1 00 | 1100 0 SHA256H
1010 0 0 VPMAX (integer)
1 01 | 0001 1 | vBSL
1010 | © 1 | VPMIN (integer)
1010 | 1 UNALLOCATED
1 01 | 1100 0 SHA256H2
1 1x | 1101 0 VABD (floating-point)
1 1x | 1110 0 VCGT (register) — A2
1 1x | 1110 1 VACGT
1 1x | 1111 | O 0 VPMIN (floating-point)
1 1x | 1111 1 VMINNM
1 1000 0 VSUB (integer)
1 10 | 0001 1 | vBIT
1 1000 1 VCEQ (register) — Al
1 1001 0 VMLS (integer)
1 1011 0 VQRDMULH
1 10 | 1100 0 SHA256SU1
1 1011 1 VQRDMLAH Armv8.1
1 11 | 0001 1 | VBIF -
1 1100 1 VQRDMLSH Armv8.1
1 1111 | 1 0 UNALLOCATED

Advanced SIMD two registers, or three registers of different lengths

These instructions are under Advanced SIMD data-processing.
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 2 1 0
| 1111001 lopo[ 1| [ opl | | op2 | lop3]
op0 D:;(l)de ﬁ(:)l;)l; op3 Instruction details
0 11 VEXT (byte elements)
1 11 0x Advanced SIMD two registers misc
1 11 10 VTBL, VTBX
1 11 11 Advanced SIMD duplicate (scalar)
=11 0 Advanced SIMD three registers of different lengths
=11 1 Advanced SIMD two registers and a scalar
Advanced SIMD two registers misc
These instructions are under Advanced SIMD two registers, or three registers of different lengths.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 2 1 0
[1 1 1100 1 1 1|[D|[1 1]size|opcl] vd [0] opc2 [Q[M[O] Vm |
Decode fields . . Architecture
size opcl opc2 Q Instruction Details Version
00 | 0000 VREV64 .
00 | 0001 VREV32 -
00 | 0010 VREV16 -
00 | 0011 UNALLOCATED -
00 | 010x VPADDL -
00 | 0110 | O | AESE -
00 | 0110 | 1 | AESD -
00 | 0111 | O | AESMC -
00 | 0111 | 1 | AESIMC -
00 1000 VCLS -
00 10 | 0000 VSWP -
00 1001 VCLZ -
00 1010 VCNT -
00 1011 VMVN (register) -
00 10 1100 | 1 | UNALLOCATED -
00 110x VPADAL -
00 1110 VQABS -
00 1111 VQNEG -
01 | x000 VCGT (immediate #0) -
01 | x001 VCGE (immediate #0) -
01 | x010 VCEQ (immediate #0) -
01 | x011 VCLE (immediate #0) -
01 x100 VCLT (immediate #0) -
01 | x110 VABS -
01 | x111 VNEG -
01 [ 0101 | 1 | sHAIH -
01 10 1100 | 1 | VCVT (from single-precision to BFloat16, Advanced SIMD) Armv8.6
10 0001 VTRN -
10 | 0010 VUZP -
10 | 0011 VZIP -
10 | 0100 | O | VMOVN -
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Decode fields . . Architecture

size opcl opc2 Q Instruction Details Version

10 | 0100 | 1 | VQMOVN, VQMOVUN — VQMOVUN

10 0101 VQMOVN, VQMOVUN — VQMOVN

10 | 0110 | O | VSHLL

10 0111 | O | sHA1SU1

10 0111 | 1 | sHA256SU0

10 1000 VRINTN (Advanced SIMD)

10 1001 VRINTX (Advanced SIMD)

10 1010 VRINTA (Advanced SIMD)

10 1011 VRINTZ (Advanced SIMD)
10 10 1100 | 1 | UNALLOCATED

10 1100 | O VCVT (between half-precision and single-precision, Advanced

SIMD) — single-precision to half-precision
10 1101 VRINTM (Advanced SIMD)
10 1110 | O VCVT (between half-precision and single-precision, Advanced
SIMD) — half-precision to single-precision

10 1110 | 1 | UNALLOCATED

10 1111 VRINTP (Advanced SIMD)

11 000x VCVTA (Advanced SIMD)

11 001x VCVTN (Advanced SIMD)

11 010x VCVTP (Advanced SIMD)

11 | 011x VCVTM (Advanced SIMD)

11 10x0 VRECPE

11 10x1 VRSQRTE
11 10 1100 | 1 | UNALLOCATED

11 11xx VCVT (between floating-point and integer, Advanced SIMD)

Advanced SIMD duplicate (scalar)

These instructions are under Advanced SIMD two registers, or three registers of different lengths.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 2 1 0
1 11100 11 1[D[1 1] imm4 | Vd |1 1] opc |Q[M|[O] Vm |
Decode fields Instruction Details
opc
000 VDUP (scalar)
001 UNALLOCATED
01x UNALLOCATED
1xx UNALLOCATED
Advanced SIMD three registers of different lengths
These instructions are under Advanced SIMD two registers, or three registers of different lengths.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 2 1 0
[1 1 110 0 1[uf[1]D][!=11] Vn | vd |  opc [N[o[M]oO] Vm |
size

The following constraints also apply to this encoding: size '= 11 && size != 11
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Top-level encodings for A32

Instruction Details

U opc
0000 VADDL
0001 VADDW
0010 VSUBL
0 0100 VADDHN
0011 VSUBW
0 0110 VSUBHN
0 1001 VQDMLAL
0101 VABAL
0 1011 VQDMLSL
0 1101 VQDMULL
0111 VABDL (integer)
1000 VMLAL (integer)
1010 VMLSL (integer)
1 0100 VRADDHN
1 0110 VRSUBHN
11x0 VMULL (integer and polynomial)
1 1001 UNALLOCATED
1 1011 UNALLOCATED
1 1101 UNALLOCATED
1111 UNALLOCATED

Advanced SIMD two registers and a scalar

These instructions are under Advanced SIMD two registers, or three registers of different lengths.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8

1 1 1100 1[Q[1]|D][!=11] vn

The following constraints also apply to this encoding: size != 11 && size != 11

Decode fields

size

Instruction Details Architecture Version

Q opc
000X | VMLA (by scalar) -
0 0011 VQDMLAL -
0010 | VMLAL (by scalar) -
0 0111 VQDMLSL -
010x VMLS (by scalar) -
0 1011 VQDMULL -
0110 VMLSL (by scalar) -
100x VMUL (by scalar) -
1 0011 UNALLOCATED -
1010 VMULL (by scalar) -
1 0111 UNALLOCATED -
1100 VQDMULH -
1101 VQRDMULH -
1 1011 UNALLOCATED -
1110 VQRDMLAH Armv8.1
1111 VQRDMLSH Armv8.1
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Advanced SIMD shifts and immediate generation

These instructions are under Advanced SIMD data-processing.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| 1111001 [ [1] | op0 | [1]
Decode fields Instruction details
op0
OOOXXXXXXXXXXX0 Advanced SIMD one register and modified immediate
I= QOOXXXXXXXXXXXO | Advanced SIMD two registers and shift amount
Advanced SIMD one register and modified immediate
These instructions are under Advanced SIMD shifts and immediate generation.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 11100 1[i[1[D[0 0O O] imm3 | vd | cmode [0]Qlop[1l]| imm4 |
Decode fields Instruction Details
cmode op
Oxx0 0 VMOV (immediate) — Al
Oxx0 1 VMVN (immediate) — Al
Oxx1 0 VORR (immediate) — Al
Oxx1 1 VBIC (immediate) — Al
10x0 0 VMOV (immediate) — A3
10x0 1 VMVN (immediate) — A2
10x1 0 VORR (immediate) — A2
10x1 1 VBIC (immediate) — A2
11xx 0 VMOV (immediate) — A4
110x 1 VMVN (immediate) — A3
1110 1 VMOV (immediate) — A5
1111 1 UNALLOCATED
Advanced SIMD two registers and shift amount
These instructions are under Advanced SIMD shifts and immediate generation.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0

[1 1 11 0 0 1[U[1][D]imm3H ]| imm3L | vd |  opc [L][Q[M]1] Vm

The following constraints also apply to this encoding: imm3H:imm3L:Vd:opc:L != 000xxxxxxxxxxx0

Decode fields
U imm3H:L

imm3L opc Q

Instruction Details

I= 0000 0000 VSHR

I= 0000 0001 VSRA

I= 0000 000 1010 | 0 | vMOVL

I= 0000 0010 VRSHR

I= 0000 0011 VRSRA

I= 0000 0111 VQSHL, VQSHLU (immediate) — VQSHL
I= 0000 1001 | O | VQSHRN, VQSHRUN — VQSHRN

I= 0000 1001 | 1 | VQRSHRN, VQRSHRUN — VQRSHRN
I= 0000 1010 | O | VvSHLL
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Decode fields

Instruction Details

U imm3H:L imm3L opc Q
I= 0000 11xx VCVT (between floating-point and fixed-point, Advanced SIMD)
0 | '= 0000 0101 VSHL (immediate)
0 | !'= 0000 1000 | O | VSHRN
0 | !'= 0000 1000 | 1 | VRSHRN
1| !'= 0000 0100 VSRI
1| !'= 0000 0101 VSLI
1| !'= 0000 0110 VQSHL, VQSHLU (immediate) — VQSHLU
1| !'= 0000 1000 | O | VQSHRN, VQSHRUN — VQSHRUN
1| !'= 0000 1000 | 1 | VQRSHRN, VQRSHRUN — VQRSHRUN

Memory hints and barriers

These instructions are under Unconditional instructions.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8

| 111101 | op0 | 1]

Decode fields Instruction details

op0 opl
00xx1 CONSTRAINED UNPREDICTABLE
01001 CONSTRAINED UNPREDICTABLE
01011 Barriers
011x1 CONSTRAINED UNPREDICTABLE
Oxxx0 Preload (immediate)
Ixxx0 0] Preload (register)
Ixxx1 0 CONSTRAINED UNPREDICTABLE
IXxXXX 1 UNALLOCATED

The behavior of the CONSTRAINED UNPREDICTABLE encodings in this table is described in CONSTRAINED
UNPREDICTABLE behavior for A32 and T32 instruction encodings

Barriers

These instructions are under Memory hints and barriers.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8

6 5 4 3

0

[T 111010 10 1 1 1[ODLOILIDOILIDILI0)]O)0)(O)

Decode fields Instruction Details

opcode option
0000 CONSTRAINED UNPREDICTABLE
0001 CLREX
001x CONSTRAINED UNPREDICTABLE
0100 I= 0x00 | DSB

0100 0000 SSBB

0100 0100 PSSBB

0101 DMB

0110 ISB

0111 SB

1xxx CONSTRAINED UNPREDICTABLE
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Top-level encodings for A32
The behavior of the CONSTRAINED UNPREDICTABLE encodings in this table is described in CONSTRAINED
UNPREDICTABLE behavior for A32 and T32 instruction encodings
Preload (immediate)

These instructions are under Memory hints and barriers.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
1 1 110 1 0[D[U[R[O 1] Rn [ERERENEN imm12

Decode fields Instruction Details

D R Rn

0 0 Reserved hint, behaves as NOP

0] 1 PLI (immediate, literal)

1 1111 PLD (literal)

1 0] = 1111 PLD, PLDW (immediate) — preload write
1| 1| !=1111| PLD, PLDW (immediate) — preload read

Preload (register)

These instructions are under Memory hints and barriers.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
1 1 1 1 0 1 1[D[U[02[0 1] Rn [ [ER[ER[ER) imm5 |stype| 0 | Rm |

Decode fields
o2

0 Reserved hint, behaves as NOP

Instruction Details

1 PLI (register)
0 PLD, PLDW (register) — preload write
1 PLD, PLDW (register) — preload read

~~olo|ldg

Advanced SIMD element or structure load/store

These instructions are under Unconditional instructions.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
| 11110100 lop0| [0 | | opl |

Decode fields Instruction details

op0 opl
0 Advanced SIMD load/store multiple structures
1 11 Advanced SIMD load single structure to all lanes
1 I= 11 | Advanced SIMD load/store single structure to one lane

Advanced SIMD load/store multiple structures

These instructions are under Advanced SIMD element or structure load/store.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
1 1 110100 0[D[L[O] Rn | vd |  itype | size |align ] Rm |

Decode fields
L itype

0 000x VST4 (multiple 4-element structures)
0 0010 VST1 (multiple single elements) — A4

Instruction Details
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Decode fields Instruction Details

L itype

0 0011 VST2 (multiple 2-element structures) — A2

0 010x VST3 (multiple 3-element structures)

0 0110 VST1 (multiple single elements) — A3

0 0111 VST1 (multiple single elements) — Al

0 100x VST2 (multiple 2-element structures) — Al

0 1010 VST1 (multiple single elements) — A2

1 000x VLD4 (multiple 4-element structures)

1 0010 VLD1 (multiple single elements) — A4

1 0011 VLD2 (multiple 2-element structures) — A2

1 010x VLD3 (multiple 3-element structures)
1011 UNALLOCATED

1 0110 VLD1 (multiple single elements) — A3

1 0111 VLD1 (multiple single elements) — Al
11xx UNALLOCATED

1 100x VLD2 (multiple 2-element structures) — A1l

1 1010 VLD1 (multiple single elements) — A2

Advanced SIMD load single structure to all lanes

These instructions are under Advanced SIMD element or structure load/store.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 O
[1 1110100 1|[D[L[O] Rn | vd [1 1] N [size|[T|a] Rm |
Decode fields Instruction Details
L N a
0 UNALLOCATED
1 00 VLD1 (single element to all lanes)
1 01 VLD2 (single 2-element structure to all lanes)
1 | 10 | O | VLD3 (single 3-element structure to all lanes)
1 | 10| 1 | UNALLOCATED
1 |11 VLD4 (single 4-element structure to all lanes)
Advanced SIMD load/store single structure to one lane
These instructions are under Advanced SIMD element or structure load/store.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
1 1 110100 1[D[L[O] Rn | vd ['=11] N [index align | Rm |
size

The following constraints also apply to this encoding: size != 11 && size != 11

Decode fields Instruction Details

L size N Rm

0] 00 00 VST1 (single element from one lane) — Al

0] 00 01 VST2 (single 2-element structure from one lane) — Al
0] 00 10 VST3 (single 3-element structure from one lane) — Al
0] 00 11 VST4 (single 4-element structure from one lane)

0] 01 00 VST1 (single element from one lane) — A2

0 01 01 VST2 (single 2-element structure from one lane) — A2
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Decode fields Instruction Details

L size N Rm

0] 01 10 VST3 (single 3-element structure from one lane) — A2
0] 01 11 VST4 (single 4-element structure from one lane)

0] 10 00 VST1 (single element from one lane) — A3

0 10 | 01 VST?2 (single 2-element structure from one lane) — A3
0] 10 | 10 VST3 (single 3-element structure from one lane) — A3
0] 10 | 11| !'= 11x1 | VST4 (single 4-element structure from one lane)

0 10 | 11 1101 VST4 (single 4-element structure from one lane)

0 10 | 11 1111 VST4 (single 4-element structure from one lane)

1 00 00 VLD1 (single element to one lane) — Al

1 00 01 VLD2 (single 2-element structure to one lane) — Al

1 00 10 VLD3 (single 3-element structure to one lane) — Al

1 00 11 VLD4 (single 4-element structure to one lane) — Al

1 01 | 00 VLD1 (single element to one lane) — A2

1 01 |01 VLD2 (single 2-element structure to one lane) — A2

1 01 | 10 VLD3 (single 3-element structure to one lane) — A2

1 01 |11 VLD4 (single 4-element structure to one lane) — A2

1 10 00 VLD1 (single element to one lane) — A3

1 10 01 VLD2 (single 2-element structure to one lane) — A3

1 10 10 VLD3 (single 3-element structure to one lane) — A3

1 10 11 VLD4 (single 4-element structure to one lane) — A3

Internal version only: isa v01_09%84-06, pseudocode v8r-00bet0_rc1-199-g1970297¥2019-12 re3_1, sve v2020-03_rc1¥#2019-12 re3 ; Build timestamp:
2020-04-15T122019-12-12T17:2134

Copyright © 2010-20202818-2019 Arm Limited or its affiliates. All rights reserved. This document is Non-Confidential.

(old) htmldiff from- (new)
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Top-level encodings for T32

(old) htmldiff from-

15 14 13 12 11 10

Top-level encodings for T32

9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9

8

(new)

6 5 4 3

| _op0 | opl |

Decode fields

Instruction details

op0 opl
=111 16-bit
111 00 B—T2
111 I= 00 | 32-bit
16-bit

These instructions are under the top-level.

15 14 13 12 11 10

9 8 7 6 5 4 3 2 1 0

| op0 |

The following constraints also apply to this encoding: op0<5:3> =111

Decode fields

Instruction details

op0
0OXXXX Shift (immediate), add, subtract, move, and compare
010000 Data-processing (two low registers)
010001 Special data instructions and branch and exchange
01001x LDR (literal) — T1
0101xx Load/store (register offset)
011xxx Load/store word/byte (immediate offset)
1000xx Load/store halfword (immediate offset)
1001xx Load/store (SP-relative)
1010xx Add PC/SP (immediate)
1011xx Miscellaneous 16-bit instructions
1100xx Load/store multiple
1101xx Conditional branch, and Supervisor Call

Shift (immediate), add, subtract, move, and compare

These instructions are under 16-bit.

15 14 13 12 11 10

9 8 7 6 5 4 3 2 1 0

| 00 [op0] opl [op2| |

Decode fields

Instruction details

op0 opl op2
0 11 0 Add, subtract (three low registers)
0 11 1 Add, subtract (two low registers and immediate)
0 =11 MOV, MOVS (register) — T2
1 Add, subtract, compare, move (one low register and immediate)
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Add, subtract (three low registers)

These instructions are under Shift (immediate), add, subtract, move, and compare.

1514 13121110 9 8 7 6 5 4 3 2 1 0
[0 0 01 1 0[S[] Rm | Rn | Rd |

Decode fields  y, 41 ction Details

S
0 ADD, ADDS (register)
1 SUB, SUBS (register)

Add, subtract (two low registers and immediate)

These instructions are under Shift (immediate), add, subtract, move, and compare.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

0001 1 1|{S|] imm3 | Rn | Rd |
Decodse fields Instruction Details
0 ADD, ADDS (immediate)
1 SUB, SUBS (immediate)

Add, subtract, compare, move (one low register and immediate)

These instructions are under Shift (immediate), add, subtract, move, and compare.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
|0 0 1] op | Rd | imm8 |

Decode fields Instruction Details

op
00 MOV, MOVS (immediate)
01 CMP (immediate)

10 ADD, ADDS (immediate)
11 SUB, SUBS (immediate)

Data-processing (two low registers)

These instructions are under 16-bit.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
[01 0 0 0 O] op | Rs | Rd |

Decode fields Instruction Details

op
0000 AND, ANDS (register)
0001 EOR, EORS (register)
0010 MOV, MOVS (register-shifted register) — logical shift left
0011 MOV, MOVS (register-shifted register) — logical shift right
0100 MOV, MOVS (register-shifted register) — arithmetic shift right
0101 ADC, ADCS (register)
0110 SBC, SBCS (register)
0111 MOV, MOVS (register-shifted register) — rotate right
1000 TST (register)
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Decode fields Instruction Details

op
1001 RSB, RSBS (immediate)
1010 CMP (register)

1011 CMN (register)

1100 ORR, ORRS (register)
1101 MUL, MULS

1110 BIC, BICS (register)
1111 MVN, MVNS (register)

Special data instructions and branch and exchange

These instructions are under 16-bit.

1514 13121110 9 8 7 6 5 4 3 2 1 0
| 010001 | op0 | |

Decode fields Instruction details

op0
11 Branch and exchange
=11 Add, subtract, compare, move (two high registers)

Branch and exchange

These instructions are under Special data instructions and branch and exchange.

15 14 13 12 11 10 9 8 7
(01 00 01 1 1][L| Rm [(0)[(0)](0)]

Decode fields ;.\ ction Details

L
0 BX
1 BLX (register)

Add, subtract, compare, move (two high registers)

These instructions are under Special data instructions and branch and exchange.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
|01 0 0 0 1['=11]|D] Rs | Rd |
op

The following constraints also apply to this encoding: op != 11 && op =11

Decode fields Instruction Details

op D:Rd Rs

00 | '= 1101 | '= 1101 | ADD, ADDS (register)

00 1101 ADD, ADDS (SP plus register) — T1
00 1101 I= 1101 | ADD, ADDS (SP plus register) — T2
01 CMP (register)

10 MOV, MOVS (register)
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Load/store (register offset)

These instructions are under 16-bit.

Top-level encodings for T32

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[0 1 0 1[]L|[B[H] Rm | Rn | Rt |
Decode fields . .
L B H Instruction Details
0 0 0 STR (register)
0 0 1 STRH (register)
0 1 0 STRB (register)
0 1 1 LDRSB (register)
1 0 0 LDR (register)
1 0 1 LDRH (register)
1 1 0 LDRB (register)
1 1 1 LDRSH (register)
Load/store word/byte (immediate offset)
These instructions are under 16-bit.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
[0 1 1[B]L] imm5 | Rn | Rt |
D(]a;:ode ﬁeids Instruction Details
0 0] STR (immediate)
0 1 LDR (immediate)
1 0 STRB (immediate)
1 1 LDRB (immediate)
Load/store halfword (immediate offset)
These instructions are under 16-bit.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
|1 0 0 ofL] imm5 | Rn | Rt |
DeCOdE fields Instruction Details
0] STRH (immediate)
1 LDRH (immediate)
Load/store (SP-relative)
These instructions are under 16-bit.
15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0

[1 0 0 1]L]|

Rt | imm8

Decode fields

Instruction Details

L
(0] STR (immediate)
1 LDR (immediate)
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Add PC/SP (immediate)

These instructions are under 16-bit.

1514 13121110 9 8 7 6 5 4 3 2 1 0
[1 0 1 0o[sP[] Rd | imm8

Decode fields Instruction Details

SP
0 ADR
1 ADD, ADDS (SP plus immediate)

Miscellaneous 16-bit instructions

These instructions are under 16-bit.

151413121110987 6 5 43210
| 1011 | op0 |opllop2| [op3| |

Decode fields Instruction details

Architecture version

op0 opl op2 op3
0000 Adjust SP (immediate) -
0010 Extend -
0110 00 0 SETPAN Armv8.1
0110 00 1 UNALLOCATED -
0110 01 Change Processor State | -
0110 1x UNALLOCATED -
0111 UNALLOCATED -
1000 UNALLOCATED -
1010 10 HLT -
1010 | '= 10 Reverse bytes -
1110 BKPT -
1111 0000 Hints -
1111 I= 0000 | 1T -
x0x1 CBNZ, CBZ -
x10x Push and Pop -

Adjust SP (immediate)

These instructions are under Miscellaneous 16-bit instructions.

15 14 13 12 11 10 9 8 7
/1 01 1 000 0]S] imm7 |

Decode fields Instruction Details

S
0 ADD, ADDS (SP plus immediate)
1 SUB, SUBS (SP minus immediate)

Extend

These instructions are under Miscellaneous 16-bit instructions.

1514 13121110 9 8 7 6 5 4 3 2 1 0
[1 01100 10[U[B] Rm | Rd |
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Decode fields Instruction Details

U B

0 0 SXTH
0 1 SXTB
1 0 UXTH
1 1 UXTB

Change Processor State

These instructions are under Miscellaneous 16-bit instructions.

1514 13121110 9 8 7 6 5 4 3 2 1 0
[1 01 10110 0 1]op| flags |

Decode fields ., ction Details

op flags
0 SETEND
1 CPS, CPSID, CPSIFE

Reverse bytes

These instructions are under Miscellaneous 16-bit instructions.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
/1 01 110 10[=100] Rm | Rd |
op

The following constraints also apply to this encoding: op != 10 && op != 10

Decode fields Instruction Details

op

00 REV
01 REV16
11 REVSH

Hints

These instructions are under Miscellaneous 16-bit instructions.

1514 13121110 9 8 7 6 5 4 3 2 1 0
[1 01 1111 1] hint [0 O O O]

Decode fields Instruction Details

hint

0000 NOP

0001 YIELD

0010 WFE

0011 WFI

0100 SEV

0101 SEVL

011x Reserved hint, behaves as NOP
Ixxx Reserved hint, behaves as NOP
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Top-level encodings for T32

Push and Pop

These instructions are under Miscellaneous 16-bit instructions.

1514 13121110 9 8 7 6 5 4 3 2 1 0
[1 01 1]L[1 o]P] register list

Decode fields | ..\ tion Details

L
0 PUSH
1 POP

Load/store multiple

These instructions are under 16-bit.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 0 o/L|] Rn | register list

Decode fields Instruction Details

L
0 STM, STMIA, STMEA
1 LDM, LDMIA, LDMFD

Conditional branch, and Supervisor Call

These instructions are under 16-bit.

1514 13121110 9 8 7 6 5 4 3 2 1 0
| 1101 | op0 |

Decode fields
op0
111x Exception generation
= 111x B—T1

Instruction details

Exception generation

These instructions are under Conditional branch, and Supervisor Call.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 01 1 1 1[S] imm8 |

Decode fields ;'\ ction Details

S
0 UDF
1 SvVC

32-bit

These instructions are under the top-level.

1514 13121110 9 8 7 6 5 4 3 2 1 0 15 1413121110 9 8 7 6 5 4 3 2 1 0
| 111 | op0 | opl | lop3]

The following constraints also apply to this encoding: op0<3:2> != 00
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Decode fields Instruction details

op0 opl op3
x11x System register access, Advanced SIMD, and floating-point
0100 XXOXX Load/store multiple
0100 XX1XX Load/store dual, load/store exclusive, load-acquire/store-release, and table branch
0101 Data-processing (shifted register)
10xx 1 Branches and miscellaneous control
10x0 0 Data-processing (modified immediate)
10x1 0 Data-processing (plain binary immediate
1100 Ixxx0 Advanced SIMD element or structure load/store
1100 | = 1xxx0 Load/store single
1101 OXXXX Data-processing (register)
1101 10xxx Multiply, multiply accumulate, and absolute difference
1101 11xxx Long multiply and divide

System register access, Advanced SIMD, and floating-point

These instructions are under 32-bit.

15 14 13 12 1110 9 8 7 6 5 4 3 2 1 O 1514 13 12 11 10 9 8 7 6 5 4 3 2 1 O
| 111 JopO| 11 | opl | lop2) lop3]

Decode fields

op0 op1 op2 op3 Instruction details

(0)% 0111 System registerload/store-and 64-bit moveUNALLOCATED
10 0 UNALLOCATED
10 10x 9 Floating-point data-g :
1110 Advan IMD data-processin
I= 1 Additional Advanced SIMD and floating-point instructionsAdvanced SEMD data-
11 :
0 Ox | 13Ox
0 10 1 0
8 10 10x 1
0 10 1 1
3 10 1x0

AdvancedSystem SIMDregister data-processingload/store and 64-bit move

These instructions are under System register access, Advanced SIMD, and floating-point.

151413121110 9 8 7 6 5 4 3 2 1 0 1514 13121110 9 8 7 6 5 4 3 2 1 0
| 111 | | 1111330 [opO| lop1113]

Decode fields Instruction details

op0 opl
000x0
11= 0
00x0
1 1 Advan IMD shifts and immedi neration
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AdvancedSystem SIMDregister three64-bit registers of the same lengthmove

These instructions are under Advanced SIMD data-processingSystem registerload/store-and 6

> =

a mM-ove
e IO Ve .

1514131211109 8 7 6 5 4 3 2 1 01514131211109 8 7 6 5 4 3 2 1 0

1 1 1JUJ1 1 1 1 0[D] size | Vn |

vd

opc

[N|Q[Mo1]

Vm

3534131231110 9 8 # 6 5 4 3 2 1 0635343331231 109 8 #Z 6 5 4 3 2 1 6

|2 1 1/e0/2 2 0 0 O|B|0|L]

Rt2 |

Rt

[1 1 1epl5 opel

CRm

Decode fields

Instruction Details

Architecture Version

U size opc Q ol
0 Ox | 1100 1 | VFMA
0 Ox | 1101 0 VADD (floating-point)
0 Ox | 1101 1 | VMLA (floating-point)
0 | 6x | 1110 0 | VCEQ (register) — T2
0 Ox | 1111 0 | VMAX (floating-point)
0 Ox | 1111 1 VRECPS
0000 0 | VHADD
0 00 0001 1 VAND (register)
0000 1 | vQaDD
0001 O | VRHADD
0| 00 | 1100 0 | sHAlC
0010 0 | VvHSUB
0 01 0001 1 VBIC (register)
0010 1 | vqosus
0011 0 VCGT (register) — T1
0011 1 VCGE (register) — T1
0| 01 | 1100 0 SHA1P
0 1x | 1100 1 | VFMS
0 1x | 1101 0 | VSUB (floating-point)
0 1x 1101 1 VMLS (floating-point)
0 1x | 1110 0 UNALLOCATED
0 1x | 1111 0 | VMIN (floating-point)
0 1x | 1111 1 VRSQRTS
0100 0 VSHL (register)
0 1000 0 VADD (integer)
0 10 | 0001 1 VORR (register)
0 1000 1 | vrsT
0100 1 | VQSHL (register)
0 1001 0 | VMLA (integer)
0101 0 | VRSHL
0101 1 | VORSHL
0 1011 0 | VQDMULH
0 10 | 1100 0 SHAIM
0 1011 1 | VPADD (integer)
0110 0 VMAX (integer)
0 11 0001 1 VORN (register)
0110 1 | VMIN (integer)
0111 0 | VABD (integer)
0111 1 VABA
0 11 | 1100 0 SHA1SUO
1 Ox | 1101 O | VPADD (floating-point)

Page 111



Top-level encodings for T32

Decode fields

U size opc Q ol Instruction Details Architecture Version
1 Ox | 1101 1 VMUL (floating-point)
1| Ox | 1110 0 | VCGE (register) — T2
1 Ox | 1110 1 VACGE
1 Ox | 1111| © 0 VPMAX (floating-point)
1 Ox | 1111 1 VMAXNM
1 00 | 0001 1 | VEOR
1001 1 | VMUL (integer and polynomial)
1 00 | 1100 0 SHA256H
1010 | © 0 VPMAX (integer)
1| 01 | 0001 1 | vBSL
1010 | 0O 1 VPMIN (integer)
1010 | 1 UNALLOCATED
1 01 | 1100 0 SHA256H2
1 1x | 1101 0 VABD (floating-point)
1 1x | 1110 0 VCGT (register) — T2
1 1x | 1110 1 | vAcGT
1 Ix | 1111 © 0 | VPMIN (floating-point)
1 1x | 1111 1 VMINNM
1 1000 0 VSUB (integer)
1 10 | 0001 1 | vBIT
1 1000 1 VCEQ (register) — T1
1 1001 0 VMLS (integer)
1 1011 0 VQRDMULH
1 10 | 1100 0 SHA256SU1 I
1 1011 1 | VQRDMLAH Armv8.1
1 11 | 0001 1 | VvBIF g
1 1100 1 VQRDMLSH Armv8.1
1 1111 | 1 0 UNALLOCATED
Deceode fields . .
g8 B [ mobmchentiolails
e ] UNALLOCATED
0 | | 6 | vMcrr
e 2 | & | MRRC
1 ] UNALLOCATED
1 1 UNALLOCATED

Advanced SIMD two registers, or three registers of different lengths
System register Load/Store
These instructions are under Advanced SIMD data-processingSystem registerload/store-and 64-bit meve.

1514333211109 8 7 6 5 4 3 2 1 1514131211109 8 7 8543210
|2 1 1/e0/2T 1 0|/P|U[D[W[L] Rn | ©ERd |1 I 1lepis imm8 |
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Decode fields EEGcHeE D
0 PUW D L Rn CRd epl5

1=000 1=0101

1=008

1=008 6161

OO (O
. - £ .
IO O BB (®(H|®

Lalcllcllol ool ool
(el Il

1514131211109 8 7 6 5 4 3 2 1 01514131211109 8 7 6 5 4 3 2 1 0

111 Jop0] 11111 | | opl | | op2 | op3] 0] |
1514131211100 8 7 6 5 4 B 2 T 0151413121110 0 8 7 6 5 4 3 2 1 B
[ 331 jepd] 3330 | ept | ep2 | | 20 [op3 | Jepd] [0] |

i e Instruction details

op0 opl op2 op3
0 11 VEXT (byte elements)
1 11 Ox Advanced SIMD two registers misc
1 11 10 VTBL, VTBX
1 11 11 Advanced SIMD duplicate (scalar)
=11 0 Advanced SIMD three registers of different lengths
=11 1 Advanced SIMD two registers and a scalar
Decode-fields 0 .
op0 opl op2 op3 opd Instruction-details
8 Ix11 1
8 Ix11 2]
0 | 1=1x11
+ OxXxx 1=00| 0
+ 1x00 1=00
= Ix11 0000 | I=00 | 1
1 Ix11 Ixxx | 1=00 | 1

AdvancedFleating-point SIMDdata-processing (two registers misc)

These instructions are under Advanced SIMD two registers, or three registers of different lengthsEleating-peint data-
processing.

1514131211109 8 7 6 5 4 3 2 1 01514131211109 8 7 6 5 4 3 2 1 0
1 1 111111 1|[Db|1 1]size]|opcl|] vd [0] opc2 [Q[M|O] Vm
1534313121110 9 8 7 6 5 4 3 2 1 0151413121110 9 8 7 8 5 4321 0@
|2 2 32 01 1310 1|/D[2 2ol epe2 | M |2 0| size [e3|2[M[B] Vm
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Decode fields . . Architecture
size opcl opc2 Q Instruction Details Version
ol ope2 size o3
00 0000 VREV64
00 UNALLOCATED |
00000 | 000101 UNALLOCATEDVREV32
00 0010 VREV16
0] 000 1 | vaBs |
000600 | 001110 VMOV (register)UNALLOCATED—single-precision scalar
00000 | 010x11 — double-precision sealarVPADDLVMOV (register)
00 0110 O | AESE
e 001 0 | yNEG 1
00 0110 1 | AESD
] 001 1 | VvSQRT |
00 0111 0 | AESMC
0] 010 0 | VOVIB — halfprecision to-double-precision |
00 0111 1 | AESIMC
] 010 01 UNALLOCATED |
00 1000 VCLS
e 016 1 | VCVET — halfprecision to-double-precision |
00 10 0000 VSWP |
e 011 01 0 | VCVIB(BEloatl6) Armv8.6
00 1001 VCLZ i
0] 011 01 1 | VOVIT (BEleatl6) Armv8.6
00011 | 1010310 — single-precision-to-half-precisionVCNTVCVEB
00011 | 101110 — single-precision to-half-preeisionVMVN (register)MCVEE
000 | 10011 | 1100311 | 10 | VEVEBUNALLOCATED—deuble-precision to-half-precision
00011 | 110x31 — double-precision to-half-precisionVPADALVCVTT
00 1110 VQABS
] 100 0 | voMpP—T1 |
00 1111 VQNEG
0] 100 1 | veMPE—T1 |
01 x000 VCGT (immediate #0)
] 101 0 | voMP—T2 |
01 x001 VCGE (immediate #0)
e 101 1 | VCMPE—T2 |
01 x010 VCEQ (immediate #0)
] 110 0 | VRINTR |
01 x011 VCLE (immediate #0)
] 110 1 | VRINTZ (floating-peint) |
01 x100 VCLT (immediate #0)
] 111 0 | VRINTX (floating-peint) |
01 x110 VABS
e 111 01 1 | UNALLOCATED 1
01111 | x11110 — single-precision to-double-precision VNEGVCVE
] Toubl — e sion)
01111 | 0101311 | 1 | —deuble-precisiontosingle-precisionSHA1HVCVE
] T — = =
01 10 1100 1 VCVT (from single-precision to BFloat16, Advanced SIMD) | Armv8.6
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Top-level encodings for T32

Decode fields . . Architecture
size opcl opc2 Q Instruction Details Version
ol ope2 size o3
10 0001 VTRN I
1 001 01 UNALLOCATED |
10 0010 VUZP |
1 001 10 UNALLOGCATED I
106001 | 001111 UNALLOCATEDVZIP
10 0100 0 | VMOVN i
1 001 11 1 | yovr Armv8.3
10 0100 1 | VOMOVN, VQMOVUN — VQMOVUN |
1 01x VCVT (between floating-point and fixed-point, floating- '
peint)
10 0101 VQMOVN, VQMOVUN — VQMOVN I
1 100 0 | vevwIR |
10 0110 0 | VSHLL |
1 100 1 | VCVI(floating-peint to-integer floating-peint) |
10 0111 0 SHA1SU1 |
1 101 0 | vovIR i
10 0111 1 SHA256SU0 -
0 | 1 | vovT(ioat X X ot e 1
10 1000 VRINTN (Advanced SIMD) I
1 11x VCVT (between floating-point and fixed-point, floating- '
peint)
10 1001 VRINTX (Advanced SIMD) I
10 1010 VRINTA (Advanced SIMD) |
10 1011 VRINTZ (Advanced SIMD) |
10 10 1100 1 UNALLOCATED |
10 1100 0 VCVT (between half-precision and single-precision, -
Advanced SIMD) — single-precision to half-precision
10 1101 VRINTM (Advanced SIMD) |
10 1110 0 VCVT (between half-precision and single-precision, i
Advanced SIMD) — half-precision to single-precision
10 1110 1 UNALLOCATED |
10 1111 VRINTP (Advanced SIMD) |
11 000x VCVTA (Advanced SIMD) |
11 001x VCVTN (Advanced SIMD) I
11 010x VCVTP (Advanced SIMD) I
11 011x VCVTM (Advanced SIMD) |
11 10x0 VRECPE |
11 10x1 VRSQRTE |
11 10 1100 1 UNALLOCATED |
11 11xx VCVT (between floating-point and integer, Advanced SIMD) | -

AdvancedFloating-point SIMDmove duplicate (scalar)immediate

These instructions are under Advan

processing.
1514131211109 8 7 6 5 4 3 2 1 01514131211109 8 7 6 5 43 210
[1 1111111 1[p[1 1] imm4 | vd [1 1] opc [Q[M]|O] Vm |
1514213121110 9 8 7 6 5 4 3 2 1 0151413121110 9 8 7 8 5 43210
/2T 1 1 01 1101[D[x 3] immaH | vd |1 D|size [0 0@ 0] immaL |
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Decode fields

Instruction Details

opc
000 VDUP (scalar)
001 UNALLOCATED
01x UNALLOCATED
1xx UNALLOCATED
Decode fields
do-t Instraction Detail Architecture Versi
00 UNALLOCATED
11 VMOV - —_— — ]

AdvancedFleating-point SIMDdata-processing (three registers of different lengths)

These instructions are under Advanced SIMD two registers, or three registers of different lengthsEleoating-peint data-

processing.

15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0 151413121110 9 8 7 6 5 4 3 2 1 0
=

1 1 1(ug|l1 1 119199D1'19; Vn Vd 1 0size opc|N|[0e2(M]| 0 Vm
size

The following constraints also apply to this encoding: sizee@:D:el != 11 && size != 111x11

Decode fields

Instruction Details

U opc
0000 | vADDL
0001 VADDW
0010 VSUBL
0 0100 VADDHN
0011 VSUBW
0 0110 VSUBHN
0 1001 VQDMLAL
0101 VABAL
0 1011 | vQDMLSL
0 1101 VQDMULL
0111 VABDL (integer)
1000 VMLAL (integer)
1010 VMLSL (integer)
1 0100 VRADDHN
1 0110 VRSUBHN
11x0 VMULL (integer and polynomial)
1 1001 UNALLOCATED
1 1011 UNALLOCATED
1 1101 UNALLOCATED
1111 UNALLOCATED
00:01 Gizdg g InsuustonBetails
1=111| 00 UNALLOGATED
000 0 | VMLA (floating-point)
006 1 | VMLS (fleating-point)
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Decode fields . .
00:01 g pg ——eochonnaalh
0601 0 | VNMLS
001 1 | vNMIA
010 0 | VMUL (floating-peint)
010 1 | vNMUL
011 0 | VADD (doating-peint)
011 1 | VSUB(floating-peint)
100 0 | v
101 0 | vENMS
1601 1 | vENMA
110 0 | vEMA
110 1 | vEMS

AdvancedFleating-point SIMDconditional two registers and a scalarselect

These instructions are under Advanced SIMD two registers, or three registers of different lengthsEleating-peint data-

processing.

1514131211109 8 7 6 5 4 3 2 1 01514131211109 8 7 6 5 4 3 2 10

1 1 1/Q1 1 1 1 1[D[l=11] Vn | vd |  opc IN[1[M|O] vm |
size

i5343133123111310 9

7 6 5 4 3 2 1 0315314313312313109 8 # 6 5 4 3 2 £ O

2 2 3 12113113

8
0 0]D] & |

Vi

vd

|2 g|[l=00|N|[O[M|[D]

Vim

The following constraints also apply to this encoding: size != 1108 && size !|= 1106

Decode fields

Instruction Details

Architecture Version

size

Q opc
000x VMLA (by scalar) -
0 0011 | voQDMLAL |
0010 VMLAL (by scalar) -
0 0111 VQDMLSL |
010x VMLS (by scalar) I
0 1011 VQDMULL |
0110 VMLSL (by scalar) 1
100x VMUL (by scalar) i
1 0011 UNALLOCATED I
1010 VMULL (by scalar) -
1 0111 UNALLOCATED |
1100 VQDMULH |
1101 VQRDMULH |
1 1011 UNALLOCATED |
1110 VQRDMLAH Armv8.1
1111 VQRDMLSH Armv8.1
Decode fields T T TR T T
€€ Size
01 UNALLOGCATED
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Decode fields
Instruction Detail

Advanced SIMD shifts and immediate generation

Eloati RERIANGRIR N

These instructions are under Advanced SIMD data-

1534331231309 8 7 8 5 4 3 2 1 0151413121110 9 8 7 8 5 4321208
(2 3 32 212110 1|/Bp|log o] Va | Vd |2 0[1=00|Nep/M|[D] Vm |

Decodefields [ . . .. o a0
size ep
2] VMAXNM
01 UNALLOGCATED
1 VMINNM

1514131211109 8 7 6 5 4 3 2 1 01514131211109 8 7 6 5 43 210
[ 111 | | 11111 [ ] op0 | [1] |

7 6545321015 1413211109 8765432141208
1/Bj/2 2 00 0 o] Vd |2 0['=00lep[2[M|8]| Vm |

5343133231130 9 8
3320

1 VINS Armv8.2
UNALLOCATED g
Decode fields

op0

Ssize
01
10 e VMOVX Armv8.2
10
11

Instruction details

OOOXXXXXXXXXXX0 Advanced SIMD one register and modified immediate

I= QOOXXXXXXXXXXX0 Advanced SIMD two registers and shift amount

AdvancedFleating-point SIMDdirected oneconvert registerte and modified immediateinteger

These instructions are under Advanced SIMD shifts and immediate @

1514131211109 8 7 6 5 4 3 2 1 01514131211109 8 7 6 5 4 3 2 1 0

[1 1 1]iJ1 1 1 1 1[DJ0o 0 0] imm3 | vd | cmode [0[Qop[1l] imm4 |

1514333121110 9 8 7 8§ 5 4 3 2 1 D1514132211109 8 7 6 5 4 3 2 10

/|2 2 131 121 11012|/b/2 1 1lel| RM | vd |2 0|!1=00/ep|2 [M|D] Vm |
size
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Decode fields

Instruction Details
cmode op

Oxx0 0 VMOV (immediate) — T1
Oxx0 1 VMVN (immediate) — T1
Oxx1 0 VORR (immediate) — T1
Oxx1 1 VBIC (immediate) — T1
10x0 0 VMOV (immediate) — T3
10x0 1 VMVN (immediate) — T2
10x1 0 VORR (immediate) — T2
10x1 1 VBIC (immediate) — T2
11xx 0 VMOV (immediate) — T4
110x 1 VMVN (immediate) — T3
1110 1 VMOV (immediate) — T5
1111 1 UNALLOCATED
Deceode fields . .
o1 RM sizd Instruction Details
0 | 68 VRINTA (floating-point)
g | 61 VRINTN-(floating-point)
01 | UNALLOGATED
g | 30 VRINTP (floating-point)
0 | 11 VRINTM (floating-peint)
i | o6 VCVTA (floating-point)
| el VCVIN (floating-point)
1 | 16 VCVTP (floating-point)
i (31 VCVIM (floating-point)

AdvancedSystem SIMDregister two32-bit registers and shift amountmove

These instructions are under Advanced SIMD shifts and immediate g
\ nd _fl 1n 1n

1514 13121110 9 8 7 6 5 4 3 2 1 0 151413121110 9 8 7 6 5 4 3 2 1 0
1 1 1[Uuf1 111 1|/D]|imm3H]| imm3L vd opc LIQ[M[1 Vm
1 1 1/00/2 3 1 0| eper |L| ECRn Rt 1 1 1lepls ope2 |1 CRm
The following constraints also apply to this encoding: imm3H:imm3L:Vd:opc:L != 000xxxxxxxxxxx0
U imm3H:Iiecmileng:g%S opc Q Instruction Details
I= 0000 0000 VSHR
I= 0000 0001 VSRA
I= 0000 000 1010 | 0 | vMOVL
I= 0000 0010 VRSHR
I= 0000 0011 VRSRA
I= 0000 0111 VQSHL, VQSHLU (immediate) — VQSHL
I= 0000 1001 | O | VQSHRN, VQSHRUN — VQSHRN
I= 0000 1001 | 1 | VQRSHRN, VQRSHRUN — VQRSHRN
I= 0000 1010 | © | VSHLL
I= 0000 11xx VCVT (between floating-point and fixed-point, Advanced SIMD)
0 | '= 0000 0101 VSHL (immediate)
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Decode fields Instruction Details

U imm3H:L imm3L opc Q
0 | !'= 0000 1000 | O | VSHRN
0 | '= 0000 1000 | 1 | VRSHRN
1| !'= 0000 0100 VSRI
1| != 0000 0101 VSLI
1| != 0000 0110 VQSHL, VQSHLU (immediate) — VQSHLU
1| !'= 0000 1000 | O | VQSHRN, VQSHRUN — VQSHRUN
1| != 0000 1000 | 1 | VQRSHRN, VQRSHRUN — VQRSHRUN
Decode fields . .

o0 L Instruction Details

2] e MCR

o] s MRC

1 UNALLOGCATED

Additional Advanced SIMD and floating-point instructionsdata-processing

These instructions are under System register access, Advanced SIMD, and floating-point.

1514131211109 8 7 6 5 4 3 2 1 0151413121110 9 8 7 6 5 4 3 2 10

| 111111 | op0 [ | opl I |1 jop2| op3 | Jop4] op5] |
1504131211100 8 7 6 5 4 3 2 1 0151413121110 0 8 7 6 5 4 3 2 1 1
[ 332 [ [ 3331  Jepq op1 |
Decode-fields . .
ep0  opl
e
i 0]
1 1

The following constraints also apply to this encoding: op0<2:1> =11

B skl Instruction details

op0 opl op2 op3 op4 op5
OxX 0x Advanced SIMD three registers of the same length
extension
100 0 = 0 0 VSELEQ, VSELGE, VSELGT, VSELVS
00
101 | OOXXXX 0 I= 0 Floating-point minNum/maxNum
00
101 | 110000 0 I= 1 0 Floating-point extraction and insertion
00
101 | 111xxx 0 I= 1 0 Floating-point directed convert to integer
00
10x 0 00 Advanced SIMD and floating-point multiply with accumulate
10x 1 Ox Advanced SIMD and floating-point dot product

Advanced SIMD three registers of the same length extension

These instructions are under Additional Advanced SIMD and floating-point instructionsAdvanced SIMD data-
processing.

1514131211109 8 7 6 5 4 3 2 1 0151413121110 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 0/opl|D]|op2| vn | vd |1lop3/0jop4N[Q[M|U| Vm |
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i53433123113109 8 # 6 5 4 3 2 ¥ 0315343133231 3109 8 # 6 5 4 3 2 £ @B

[T & Z[U[E T T 2 B[D] size | Va [ vd | oepe  [N[Q[M]e1]

Vim

Decode fields

Instruction Details

Architecture Version

opl op2 op3 op4 Q U
x1 Ox 0 0 O | O | VCADD — 64-bit SIMD vector Armv8.3
x1 Ox 0 0 O | 1 | UNALLOCATED
x1 Ox 0 0 1 | O | VCADD — 128-bit SIMD vector Armv8.3
x1 Ox 0 0 1 | 1 | UNALLOCATED
00 0x 0 0 UNALLOCATED
00 0x 0 1 UNALLOCATED
00 00 1 0 O | O | UNALLOCATED
00 00 1 0 O | 1 | UNALLOCATED
00 00 1 0 1| 0 | vMMLA Armv8.6
00 00 1 0 1 | 1 | UNALLOCATED
00 00 1 1 O | O | VDOT (vector) — 64-bit SIMD vector Armv8.6
00 00 1 1 O | 1 | UNALLOCATED
00 00 1 1 1 | © | VDOT (vector) — 128-bit SIMD vector Armv8.6
00 00 1 1 1 | 1 | UNALLOCATED
00 01 1 0 UNALLOCATED
00 01 1 1 UNALLOCATED
00 10 0 0 O | 1 | VFMAL (vector) — 64-bit SIMD vector Armv8.2
00 10 0 1 UNALLOCATED
00 10 1 0 0 UNALLOCATED
00 10 1 0 1| 0 | vsMMLA Armv8.6
00 10 1 0 1|1 | vummra Armv8.6
00 10 1 1 O | O | VSDOT (vector) — 64-bit SIMD vector Armv8.2
00 10 1 1 O | 1 | VUDOT (vector) — 64-bit SIMD vector Armv8.2
00 10 1 1 1 | O | VSDOT (vector) — 128-bit SIMD vector Armv8.2
00 10 1 1 1 | 1 | VUDOT (vector) — 128-bit SIMD vector | Armv8.2
00 11 0 0 1 | VFMAB, VFMAT (BFloat16, vector) Armv8.6
00 11 0 0 1 1 VFMAL (vector) — 128-bit SIMD vector Armv8.2
00 11 0 1 UNALLOCATED
00 11 1 0 UNALLOCATED
00 11 1 1 UNALLOCATED
01 10 0 0 1 | VFMSL (vector) Armv8.2
01 10 0 1 UNALLOCATED
01 10 1 0 0 UNALLOCATED
01 10 1 0 1| 0 | vusmMMLA Armv8.6
01 10 1 0 1 | 1 | UNALLOCATED
01 10 1 1 O | O | VUSDOT (vector) — 64-bit SIMD vector | Armv8.6
01 10 1 1 1 | UNALLOCATED |
01 10 1 1 1 | O | VUSDOT (vector) — 128-bit SIMD vector | Armv8.6
01 11 UNALLOCATED

1x 0 0 0 | vcMLA Armv8.3
10 11 UNALLOCATED
11 11 UNALLOCATED

_Decode fields InstructionDotail ArchitecturoVorsi

B size opec Q el
0| 6x | 1100 1 | vEMA |
0| 6x | 1161 0 | VADD (floating-peint) |
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Decode fields EEGcHeED el R T
U +size eope Q ol

1010 | 0 | O | VPMAX(integer) |
1| 61 |0601 1 | vBSE |

1010 | 0 | 1 | VPMIN (nteger) f

1010 | 1 UNALLOGATED |
1 | 61 | 1100 O | SHA256H2 |
1| Ix | 1161 0 | VABD (fleating-peint) |
1 | Ix | 1116 0 | VCGT (register) —T2 |
1 | 3x | 1116 1 | vacceE |
1| Ix |1111 | 0 | O | VPMIN(foating-peint) |
4 | Ix | 1111 1 | VMINNM |
1 1000 0 | VSUB (integer) |
1| 10 | 60601 1 | vBIT |
1 1000 1 | VCEQ(register) —T1 |
1 1001 0 | VMLS (integer) |
1 1011 0 | VORDMULH |
1 | 10 | 1100 0 | SHA256SU1 |
1 1011 1 | VORDMIAH Armv8.1
1| 11 | 061 1 | vBIE |
1 1100 1 | VORDMLSH Armv8.1
1 1111 | 1 | O | UNALLOGATED |

Ad LSIMD.t st ¢l st £ diff £ lenat!

Floating-point minNum/maxNum

These instructions are under Additional Advanced SIMD and floating-point instructionsAdvanced SIMD data-

proeessing.
151413121110 9 8 7 6 5 4 3 2 1 01514131211109 8 7 6 5 4 3 2 1 0
(11111110 1|(D[0 O] Vn | vd [1 0['=00|N|[op|M|0] Vm |

size

The following constraints also apply to this encoding: size != 00 && size != 00

Decode fields

Instruction Details

op
0 VMAXNM
1 VMINNM

3534333123130 9 8 7# 6 5 4 3 2 ¥ 9354313121110 9 8 # 6 5 4 3 2 * @

[ 313 ppo] 31111 | [opt | | bp2 | op3 |0 |
Decode-fields : .
op0 _ opl _op2 _op3 Iastruction detalls
e | 11
I | 11 | ex
1| 11 |18
1|
1=11 ]
1=11 1
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Floating-pointAdvanced extractionSHMD andtwe insertionregisters-misc

Top-level encodings for T32

These instructions are under Additional Advanced SIMD and floating-point instructionsAdvanced SIMD twe registers;

or-three registers-of differentlengths.

151413121110 9 8 7
1 11111101

Olo
(U

EIES

olw

1
0

OoON

| vd

[1 0[!=00[op[1[M]0]

0 1514131211109 8 7 6 5 4 3 2 1 0
0

Vm

5343133123130 9 8

~
[0))
(0]

s
W

size

2 & 0315341331231 3109 8 # 6 5 4 3 2 £ O

2 2 32 2 11311 1|BD|2 1]size|opel] Vd |6] ope2 [Q[M[D] Vim |
The following constraints also apply to this encoding: size != 00 && size != 00
Dstztzzgde ﬁe(l)(Il’s Instruction Details Architecture Version
01 UNALLOCATED |
10 0 VMOVX Armv8.2
10 1 VINS Armv8.2
11 UNALLOCATED |
size opel eope2 O Version
00 | 0006 VREV64
00 | 0001 VREV32
00 | 06010 VREV16
00 | 0011 UNALLOGATED
00 | 810x VPADDL
00 | 9110 | O | AESE
g0 | @110 | 1 | AESD
00 | 9111 | O | AEsmMec
00 | 06111 | 1 | AESIMC
00 | 1000 VGLS
00 10 alalala VSWPe
00 | 16001 VCLZ
00 | 1610 VCNT
00 | 1611 VMVN (register)
00 10 | 1100 | 1 | UNALLOGCATED
00 | 110x VPADAL
60 | 1110 VQABS
60 | 1111 VONEG
01 | x000 VCGT (immediate #0)
01 | x001 VCGE (immediate#0)
01 | xB10 VCEQ (immediate #0)
01 | x611 VCLE (immediate #0)
01 | x100 VCLT (immediate #0)
01 | x110 VABS
01 | xill VNEG
01 |6101 | 1 | sualH
01 10 | 1100 | 1 | VCVI (from single-precision to-BEloat16, Advanced SIMD) Armv8.6
10 | 0601 VIRN
10 | 0610 VUZp
10 | 9611 VZIP
10 | 0100 | 0 | vouN
10 | 01600 | 1 | vOMOVN, VOMOVUN —VOMOVUN
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Decode-fields Inst tion Detail Architecture
size opcl ope2 Q Version
10 | 61601 VOMOVN, VOMOVUN—VQMOVN
10 (0110 | © | VsHLL
10 | 9111 | O | sHAlsU1
10 | 0111 | 1 | sHA256SU0Q
10 | 1000 VRINTN-(Advanced SIMD)
10 | 1601 VRINTX (Advanced SIMD)
10 | 1610 VRINTA (Advanced SIMD)
10 | 1611 VRINTZ (Advanced SIMDB)
10 10 | 1100 | 1 | UNALLOGATED
10 | 1100 | 0 | vocVI(between halfprecision and single-precision, Advanced
SIMD)— singl D - g
10 | 1101 VRINTM (Advanced-SIMD)
1116 MWMWH[E half — inal —
10 | 1110 UNALLOGATED
10 | 31111 VRINTP (Advanced SIMD)
11 | 000X VCVTA (Advanced SIMD)
11 | 801x VCVTIN(Advanced SIMD)
11 | 010X VCVIP (Advanced SIMD)
11 | 011x VCVIM (Advanced-SIMD)
11 | 10x0 VRECPE
11 | 103 VRSORTE
11 10 | 1100 | 1 | UNALLOGATED
11 | 1lxx VCVTd ot . I A L SIMD)

Floating-pointAdvanced directedSIMD convertduplicate to integer{scalar)

These instructions are under Additional Advanced SIMD and floating-point instructionsAdvanced SIMD twe registers;
i : F diff ] hs.

151413121110 9

8

0 1514131211109 8 7 6 5 4 3 2 1 0

1 1 11111

0

5 4 321
1 1 1[ol] RM |

vd [1 0[!'=00|op/1[M]|[O]

Vm

5343331231110 9

8

size
7 6 5 4 3

2 & 0315343133231 3109 8 # 6 5 4 3 2 £ @O

2 2 3 211311

S

imm4 | vd |3 3] bpe |Q[M|0|

Vim

The following constraints also apply to this encoding: size != 00 && size != 00

Decode fields

Instruction Details

olepe RM
00060 00 VRINTA (floating-point)VDUP (sealar)
0001 | O1UNALLOCATED | VRINTN (floating-point)
001x | 10UNALLOCATED | VRINTP (floating-point)
O01xx | 11UNALLOCATED | VRINTM (floating-point)

1 00 VCVTA (floating-point)

1 01 VCVTN (floating-point)

1 10 VCVTP (floating-point)

1 11 VCVTM (floating-point)
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Advanced SIMD andthree floating-pointregisters multiplyef withdifferent accumulatelengths

These instructions are under Additional Advanced SIMD and floating-point instructionsAdvanced SIMD twe registers;

cotheos eogiolone ol cliloranl lonalbe
1514131211109 8 7 6 5 4 3 2 1 0151413121110 9 8 7 6 5 4 3 2 1 0
1 111 1 1 1 0joplD] op2 | Vn | vd |1 0 0 0[N[Q[M|U] vm |
1514313121110 9 8 7 6 5 4 3 2 1 0151413121110 9 8 7 6 5 4 3 2 1 0
2 2 2|U(/2 12 1 1 1|D|=11] VA | Vd | ope IN[O[M|D| Vi |
Size
The follow : s s 1 T ———
Decode fields Instruction Details Archite.cture
opl op2 Q U Version
0 0 VCMLA (by element) — 128-bit SIMD vector of half-precision Armv8.3
floating-point
0 00 1 | VEMAL (by scalar) Armv8.2
0 01 1 | VFMSL (by scalar) Armv8.2
0 10 1 | UNALLOCATED
0 11 1 | VFMAB, VFEMAT (BFloat16, by scalar) Armv8.6
1 0 0 VCMLA (by element) — 64-bit SIMD vector of single-precision Armv8.3
floating-point
1 1 | UNALLOCATED
1 1 0 VCMLA (by element) — 128-bit SIMD vector of single-precision Armv8.3
floating-point
Decode fields . .
U ope Instruction Details
0000 VADDL
0001 | vapbpw
0010 | vsusBL
8 0100 | vADDHN
0011 | vsuBw
e 0110 | VvSUBHN
e 1001 | vODMLAL
0101 | vaBAL
e 1011 | vObPMLSL
0] 11601 | vobMULL
0111 | VABDL (integer)
1000 | VMLAL (integer)
1010 | VMLSL (integer)
1 0100 | VRADDHN
1 0110 | VRSUBHN
11x0 | VMULL (integer-and polynomial)
1 1001 | UNALLOGATED
1 1011 | UNALLOGATED
1 1101 | UNALLOGATED
1111 | UNALLOGATED

Advanced SIMD twe registers-and floating-pointa dot productscalar

These instructions are under Additional Advanced SIMD and floating-point instructionsAdyanced SIMD twe registers;
! . F diff ] hs.
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1514131211109 8 6 54 321 01514131211109 8 7 6 5 43210
[1 1 1 1 1 1 1 0oplD] op2]| Vn | vd [1 1 Olop4N[Q[M|U|] Vm |
1514313121110 9 8 6 5 43 2 1 031514131211109 8 7 65 43210
/|2 2 1/@|/2 111 Dl=11] Va | vd | epe |N|ZTM[D] Vm |

size

Decode fields

Instruction Details

Architecture Version

opl op2 op4 Q U
0 00 0 UNALLOCATED |
0 00 1 O | O | VDOT (by element) — 64-bit SIMD vector Armv8.6
0 00 1 1 | UNALLOCATED |
0 00 1 1 | O | VDOT (by element) — 128-bit SIMD vector Armv8.6
0 01 0 UNALLOCATED I
0 10 0 UNALLOCATED |
0 10 1 0 0 VSDOT (by element) — 64-bit SIMD vector Armva8.2
0 10 1 0 1 VUDOT (by element) — 64-bit SIMD vector Armv8.2
0 10 1 1 0 VSDOT (by element) — 128-bit SIMD vector Armv8.2
0 10 1 1 1 | VUDOT (by element) — 128-bit SIMD vector Armv8.2
0 11 UNALLOCATED |
1 0 UNALLOCATED I
1 00 1 O | O | VUSDOT (by element) — 64-bit SIMD vector | Armv8.6
1 00 1 O | 1 | VSUDOT (by element) — 64-bit SIMD vector | Armv8.6
1 00 1 1 | O | VUSDOT (by element) — 128-bit SIMD vector | Armv8.6
1 00 1 1 | 1 | VSUDOT (by element) — 128-bit SIMD vector | Armv8.6
1 01 1 UNALLOCATED |
1 1x 1 UNALLOCATED i
Decode fields

ope

Inst tion Detail Architect Versi

000x | VMLA (bysealar) |

:
§

;
|

Advanced SIMD andshifts System register load/store and 64-bitimmediate

movegeneration

These instructions are under System register access, Advanced SIMD, and floating-pointAdvanced SIMD data-

processing.
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1514131211109 8 7 6 5 4 3 2 1 01514131211109 8 7 6 5 4 3 2 1 0

| 1110110 [  op0 | [1] op1 | |
1534133121110 9 8 7 6 5 4 3 2 1 0615314131211 109 8 7 6 5 4 3 2 1 0O
L3 | | 333 | | op0 | Ed |
Decode fields Instruction details
op0 opl
00X0B0%X%8 | OX | Advanced SIMD and floating-point 64-bit moveAdvanced SIMD one
: ! lifiod i T
00x01= 11 i i
arara a
= 00x0 (0D Advanced SIMD and floating-point load/store
= 00x0 11 System register Load/Store
10 | UNALLOCATED

Advanced SIMD ene register and floating-pointmedified 64-bit moveimmediate

These instructions are under Advanced SIMD and System register load/store and 64-bit moveAdyanced SIMD shifts

and-immediate generation.
1514 13 12 1110 9 8 7 6 5 4 3 2 1 0 151413121110 9 8 7 6 5 4 3 2 1 O
11101100 0|[D|o0]op] Rt2 Rt 1 0] size [opc2 |[M]o3 Vm
2 1 12[/i|/2 32121 1/D/0b 0 0| imm3 Vd cmode [0(Qlop|2| imm4
D op Decs(i);i: ﬁelodpscz o3 Instruction Details
0 UNALLOCATED
1 0 | UNALLOCATED
1 0x 00 1 | UNALLOCATED
1 01 UNALLOCATED
1 0 10 00 1 VMOV (between two general-purpose registers and two single-precision
registers) — from general-purpose registers
1 0 11 00 1 | VMOV (between two general-purpose registers and a doubleword floating-
point register) — from general-purpose registers
1 1x UNALLOCATED
1 1 10 00 1 VMOV (between two general-purpose registers and two single-precision
registers) — to general-purpose registers
1 1 11 00 1 VMOV (between two general-purpose registers and a doubleword floating-
point register) — to general-purpose registers
Decode fields . :
emeode op Instruetion Details
Oxx0 O | VMOV (immediate) — T1
Oxx0 1 | VMVN (immediate)—T1
Oxx1 0 | VORR (immediate)—T1
Oxx1 1 | VBIC (immediate)—T1
10x06 9 | VMOV (immediate)—T3
10x0 1 | VMVN (immediate)—T2
10x1 0 | VORR (immediate)—T2
10x1 1 | VBIC (immediate)—T2
11xx 0 | VMOV (immediate)—T4
110x 1 | VMVN (immediate)—T3
1110 1 | VMOV (immediate)—T5
1111 1 | UNALLOGATED
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Top-level encodings for T32

SystemAdvanced registerSHMD 64-bittwe moveregisters-and shift amount

These instructions are under Advanced SIMD and System register load/store and 64-bit moveAdvanced SIMD shifts
1 i ion.

1514131211109 8 7 6 5 4 3 2 1 01514131211109 8 7 6 5 4 3210
/11101 1000[D[O]L] Rt2 | Rt [1 1 1cp1l5] opcl | CRm |
1514333121110 9 8 7 8§ 5 4 3 2 1 D1514132211109 8 7 6 5 432 10
|2 2 2|U|/2 12 1 1 1|D| imm3H | imm3L | Vd | ©epe |E|[Q[M[1] Vim |

Bt Instruction Details

D L
0 UNALLOCATED
1 0 MCRR
1 1 MRRC
Deceode fields
U imm3H:L imm3L opec Q
1= 0000 aYalale
1=_0000 0001
0RO |1610 | @
0010
0011
0111
1001 | 0
1001 | 1
1010 | @
IIxx
o] 0101
o] 1000 | 0
0] 1000 | 1
1 0160
1 0101
1 0110
1 1000 | 0
1 1000 | 1

Advanced SIMD load/store-and 64-bit move

Advanced SIMD and floating-point load/store

1514131211109 8 7 6 5 4 3 2 1 01514131211109 8 7 6 5 4 3 2 10
1 11 01 1 0[P{[UDWJL|] Rn | vd |1 0] size | imm8 |

The following constraints also apply to this encoding: P:U:D:W != 00x0

Decode fields

Instruction Details

P U W L Rn size imm38
0| 0 1 UNALLOCATED
0|1 (0)% UNALLOCATED
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Decode fields

Top-level encodings for T32

Instruction Details

P U W L Rn size imm38

0|1 0 10 VSTM, VSTMDB, VSTMIA

0|1 0 11 | XXXXXXX0 | VSTM, VSTMDB, VSTMIA

01 0 11 | XXXXXXX1 | FSTMDBX, FSTMIAX — Increment After

01 1 10 VLDM, VLDMDB, VLDMIA

01 1 11 | XxxXxXxXxxx0 | VLDM, VLDMDB, VLDMIA

01 1 11 | xxxxxxx1 | FLDM*X (FLDMDBX, FLDMIAX) — Increment After
1 0|0 VSTR

1 0 00 UNALLOCATED

1 0 |1 |!=1111 VLDR (immediate)

1|0 1 0x UNALLOCATED

1|0 10 10 VSTM, VSTMDB, VSTMIA

1|0 10 11 | XXXXXXX0 | VSTM, VSTMDB, VSTMIA

1|0 10 11 | XxxXXXxXXX1 | FSTMDBX, FSTMIAX — Decrement Before

1|0 1|1 10 VLDM, VLDMDB, VLDMIA

1|0 1 |1 11 | XxXXxXxxx0 | VLDM, VLDMDB, VLDMIA

1|0 1|1 11 | xxxxxxx1 | FLDM*X (FLDMDBX, FLDMIAX) — Decrement Before
1 0 |1 1111 VLDR (literal)

1|1 1 UNALLOCATED

System register Load/Store

These instructions are under Advanced SIMD and System register load/store and 64-bit move.

1514131211109 8 7 6 5 4 3 2 1 0151413121110 9 8

7 6 543210

11101 10/PIlUD[W|[L] Rn | CRd |1 1 1 cpl5 imm8 |
The following constraints also apply to this encoding: P:U:D:W != 00x0
P:U:W D L Decociglﬁelds CRd cpl5 Instruction Details
I= 000 = 0101 0 UNALLOCATED
=000 0 |1 1111 0101 0 LDC (literal)
I= 000 1 UNALLOCATED
=000 | 1 0101 0 UNALLOCATED
Ox1 0 0 0101 0 STC — post-indexed
Ox1 0 1 = 1111 0101 0 LDC (immediate) — post-indexed
010 0 0 0101 0 STC — unindexed
010 01 ]('= 1111 0101 0 LDC (immediate) — unindexed
1x0 0|0 0101 0 STC — offset
1x0 O |1 ('= 1111 0101 0 LDC (immediate) — offset
1x1 0|0 0101 0 STC — pre-indexed
1x1 0|1 |!'=1111 0101 0 LDC (immediate) — pre-indexed
Floating-point data-processing
These instructions are under System register access, Advanced SIMD, and floating-point.
15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0 1514 13 12 1110 9 8 7 6 5 4 3 0

111011103110110 |

op0

| 10 | op1]
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Decode fields

Top-level encodings for T32

Instruction details

op0 opl
1x1100x06 1
1x111l= 0
00x0
I= 1x11 Floating-point data-processing (three registers)

Floating-pointAdvanced data-processingSIMD (twoand registers)floating-point 64-bit move

These instructions are under Floating

point data-

1514131211109 8 7 6 5 4 3 2 1 01514131211109 8 7 6 5 4 3 2 1 0
/1 1101110 1|/D[1 1|ol] opc2 | vd |1 0] size [03|1[M]|0] vm |
151413121110 9 8 7 6 5 4 3 2 1 0151413121110 9 8 7 6 5 4 3 2 1 0O
|2 2 121 01100 0|b|olep|] R2 | Rt |2 0| size |ope2 [M [o3] Vm |
Decode ﬁe'lds Instruction Details Archite.cture
ol opc2 size o3 Version
00 UNALLOCATED -

0 | 000 | 01 0 | UNALLOCATED !

0 | 000 1 | vaBs I

0 000 10 0 VMOV (register) — single-precision scalar -

0 000 11 0 VMOV (register) — double-precision scalar -

0 | 001 0 | VNEG |

0 | 001 1 | VsQrT |

0 010 0 VCVTB — half-precision to double-precision -

0 | 010 | 01 UNALLOCATED -

0 010 1 | VCVTT — half-precision to double-precision |

0 | 011 01 0 | VCVTB (BFloat16) Armv8.6

0 | 011 01 1 | VCVTT (BFloat16) Armv8.6

0 011 10 0 VCVTB — single-precision to half-precision -

0 011 10 1 VCVTT — single-precision to half-precision -

0 011 11 O | VCVTB — double-precision to half-precision |

0 011 11 1 | VCVTT — double-precision to half-precision |

0 100 0 | veMP —T1 -

0 100 1l | vCMPE —T1 !

0 101 0 | veMP — T2 I

0 101 1 | VCMPE — T2 -

0 110 0 | VRINTR |

0 110 1 | VRINTZ (floating-point) i

0 111 0 VRINTX (floating-point) i

0 111 01 1 | UNALLOCATED |

0 111 10 1 VCVT (between double-precision and single-precision) — single- |

precision to double-precision
0 111 11 1 VCVT (between double-precision and single-precision) — double- | -
precision to single-precision

1 000 VCVT (integer to floating-point, floating-point) -

1 | 001 01 UNALLOCATED -

1 | 001 10 UNALLOCATED !

1 | 001 11 0 | UNALLOCATED .

1 001 11 1 | vjovrt Armv8.3
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Decode fields 2 . Architecture
ol opc2 size o3 Instruction Details Version
1 01x VCVT (between floating-point and fixed-point, floating-point) |
1 100 0 | VCVIR g
1 100 1 VCVT (floating-point to integer, floating-point) -
1 101 0 | vcvIir :
1 101 1 | VCVT (floating-point to integer, floating-point) |
1 11x VCVT (between floating-point and fixed-point, floating-point) i
Decode fields : <
D op size ope2 o3 Instruction Details
8
1 8
1 Ox 00 s
B 01
1 10 00 1
1 41 00 s
1 Ix
1| 2 10 00 1
| 2 41 00 8

Floating-pointAdvanced moveSIMB immediateand floating-peint load/stere

point data-

These instructions are under Floating

1514131211109 8 7 6 5 4 3 2 1 01514131211109 8 7 6 5 4 3 2 1 0

1 1 1 01 110 1[D[1 1] imm4H | vd |1 0] size [(0))0](©) O] imm4L |
1514131211109 8 7 6 5 4 3 2 1 0151413121110 9 8 7 6 5 43210
|2 2 1 01 1 0/P/U/BD|W|E] Rn | Vd |2 0] size | imm8 |

Decode fields

size Instruction Details Architecture Version

00 UNALLOCATED I

01 VMOV (immediate) — half-precision scalar Armv8.2

10 VMOV (immediate) — single-precision scalar -

11 VMOV (immediate) — double-precision scalar | -

Decode fields . .

P o W i Ba Size M Instruction Details
016 |32 UNALLOGATED
0| 2 Ox UNALLOGATED
0| 2 ] 10 VSTM, VSTMDB, VSTMIA
g 2 ] J1 | 0000060 | VSTM, VSTMDB, VSTMIA
0| 2 2] 11 | 00000 | ESTMDBX, ESTMIAX — Increment After
01 1 10 VLDM, VLDMDB, VLDMIA
01 1 11 | X000 | VLDM, VLDMDB, VLDMIA
10 B 1 11 | 00000 | ELDM*X(FELDMDBX, ELDMIAX) — Increment After
1 0|86 VSTR
1 6] 00 UNALLOGATED
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P o W i Bn size mma Instruction Details

1 g (2 |1=1111 VLDR (immediate)

i1/0|2 Ox UNALLOGCATED

i1/ 06| 2 @6 10 VSTM, VSTMDB, VSTMIA

1102 |06 11 | 000000 | VSTM, VSTMDB, VSTMIA

1|1 0|2 |06 11 | 00000 | ESTMDBX, ESTMIAX — Decrement Before
1102 |2 10 VLDM, VELDMDB, VLDMIA

1|06 |2 2 11 | Xooxxxd | VLDM, VLDMDB, VLDMIA

i1/ 06|32 2 1 | X%l | ELDMEX(ELDMDBX, ELDMIAX) — Decrement Before
1 g |32 1111 VLDR diteral)

s A T - UNALLOCATED

Ad | SIMD_and_floati int.32-bit

Floating-point data-processing (three registers)

These instructions are under Floating-poin

point.
1514131211109 8 7 6 5 4 3 2 1 01514131211109 8 7 6 5 43 210
[1 1101 1 1 0[o0|[D| 01 | Vn | vd [1 0] size [N[o2[M][ 0] Vm |

The following constraints also apply to this encoding: 00:D:01 != 1x11

Becodeliivlds Instruction Details

00:01 size 02

=111 | 00 UNALLOCATED
000 0 VMLA (floating-point)
000 1 | VMLS (floating-point)
001 0 | VNMLS
001 1 | vnMLA
010 0 VMUL (floating-point)
010 1 | vNMUL
011 0 VADD (floating-point)
011 1 | VSUB (floating-point)
100 0 | vDIv
101 0 VFNMS
101 1 VENMA
110 0 | vFMA
110 1 | vFMS

Advanced SIMD and System register 32-bit move

These instructions are under System register access, Advanced SIMD, and floating-point.

151413121110 9 8 7 6 5 4 3 2 1 015141312 11 10 9 8 7 6 5 4 3 2 1 0

| 11101110 | op0 | [1103] opl | [EEEEE]

Decode fields
op0 opl

| 000 | 000 | uNALLOCATED F |

Instruction details Architecture version
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000 001 VMOV (between general-purpose register and half-precision) Armv8.2

000 010 VMOV (between general-purpose register and single-precision) | -
001 010 | UNALLOCATED |
01x 010 | UNALLOCATED |
10x 010 | UNALLOCATED |
110 010 | UNALLOCATED I
111 010 Floating-point move special register -
011 | Advan IMD 8/16/32-bit element mov li |
10X | UNALLOCATED |

11x m register 32-bit mov -
Decode-fields
opo opl
000 2]
111 2]
1

Floating-point move special register

These instructions are under Advan

32-bit move.

3 2 1 0 1514 13 12 11 10 9 8 7

9 8 7 6 5 4 6 5 4 3
[1 1101110011 1[L] reg | Rt [1 0 1 0]M[0)o]1]m[0)]0)]o0)

Decode fields Instruction Details

L
0 VMSR
1 VMRS

Advanced SIMD 8/16/32-bit element move/duplicate

These instructions are under Adwv.

32-bit move.

15 14 1312 1110 9 8 7 6 5 4 3 2 1 0 151413121110 9 8 7 6 5 4 3 2 1 O
1 0| opcl |[L| Vn | Rt [1 0 1 1[N[opc2]|1]0)]0)]0)(0)]

Decode fields
opcl L opc2

Oxx

Instruction Details

VMOV (general-purpose register to scalar)

0
1 VMOV (scalar to general-purpose register)
Ixx | O 0x VDUP (general-purpose register)

Ixx | O 1x UNALLOCATED

SystemAdvanced registerSIMD 32-bitthree moveregisters of the same length-extension

These instructions are under Advanced SIMD and System register 32-bit moveSystem register access, Advanced
SIMD | floati int

15 14 13121110 9 8 7 6 5 4 3 2 1 01514131211 10 9 8 7 6 5 4 3 2 1 0
11101110 ep—l—DopC1 Lep2| CRnVA RtVd |1 1ep310|cpl5eps N_Q—MopCZ 18| CRmVm
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Instruction Details

Decode fields
L

MCR

MRC

1 VEMAB, VFMAT (BFloat16, vector) Armvs.6

1 | VEMSIL (vector)

1 | UNALLOGATED

0 | vcMLA

0 | 0 | VCADD — 64-bit SIMD vector

0 | 1 | UNALLOGATED

1 | @ | VCADD —128-bit SIMD vecter

1 | 1 | UNALLOGATED

0 | O | UNALLOCATED
0 | 1 | UNALLOGATED
1| 0 | wavEA

1 | 1 | UNALLOGATED

0 | 0 | VDOT (vector)—64-bit SIMD vector | Armv8.6

0 | 1 | UNALLOGCATED

1 | 1 | UNALLOGATED

0 | 1 | VEMAL (vector)—64-bit SIMD vector | Armv8.2

1| 0 | vsMMLA
1| 3 | vuMMIA

0 | 1 | VUDOT (vector)— 64-bit SIMD vector | Armv8.2

1 | O | VSDOT (vector)—128-bit SIMD vector Armvs.2

1 | I | VUDOT (vector)— 128-bit SIMD vector | Armv8.2

1 | 1 | VEMAL (vector)—128-bit SIMD vector | Armv8.2

1 | 0 | vUsMMLA
1 | 1 | UNALLOGATED

0 | 0 | VUSDOT (vector)— 64-bit SIMD vector | Armv8.6

1 | O | VUSDOT (vector)—128-bit SIMD vector | Armv8.6

8
8
8
8

8
8
8
8
£

£

£

8

8
8

£
3
3

8

8
8
£

£

opl oep2 ep3 epd Q U
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Load/storeAdvanced multipleSIMD-two registers-and-a scalar extension

These instructions are under 32-bitSystem register access Advanced SIMD_and floating-peint.

1514131211109 8 7 6 5 4 3 2 1 01514131211109 8 7 6 5 4 3 2 1 0

1 1 1 0 1 0 0fopc|O|W|[L] Rn [P[M] register list |
1514131211109 8 7 6 5 4 3 2 1 151413121110 9 8 7 6 5 4 3 2 1 1
|2 2 2 111 1 0leplD| op2| Va | Vd |1lop3/0jepd N Q(M[U| Vm |
Dg;(éde ﬁelgs Instruction Details
00 0 SRS, SRSDA, SRSDB, SRSIA, SRSIB — T1
00 1 RFE, RFEDA, RFEDB, RFEIA, RFEIB — T1
01 0 STM, STMIA, STMEA
01 1 LDM, LDMIA, LDMFD
10 0 STMDB, STMFD
10 1 LDMDB, LDMEA
11 0 SRS, SRSDA, SRSDB, SRSIA, SRSIB — T2
11 1 RFE, RFEDA, RFEDB, RFEIA, RFEIB — T2
Decede fields FREacHeaDerils dxeliieciyze
epl ep2 eop3 epd Q U Versien
e e e e
o] 00 e e 1
e 00 ] 1
o] 00 1 e
10} 00 1 1 0180
10} 00 1 1 1
10} 00 1 1 10
10} 01 ] 0} 0]
e 01 e e 8|2
o] 01 e e i3
e 01 ] 1
o] 01 1 e
10} 10 0]
10} 10 1 10}
10} 10 1 1 0186
10} 10 1 1 g3
e 10 3 3 10
o] 10 1 1 i3
e 11 ] e ]
o] 11 ] e 1
10} 11 0] 1
10} 11 1
1 0] 10} 0]
1 00 1 1 0186
1 00 1 1 10 B I
1 00 1 1 10
3 00 1 1 13
1 ] 1
1 01 1 1
1 Ix 1 1
1 1 10}
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Load/store-multiple

I : : lor32-bit-

Top-level encodings for T32

i53433123113109 8 # 6 5 4 3 2 ¥ 0315343133231 3109 8 # 6 5 4 3 2 £ 8

|2 1 1 01 0 D[bpe|0[W[L]

R [P[M]

registerlist

E

EIEE5[RR 8|8
||| ®| | © 1| |-

Load/store dual, load/store exclusive, load-acquire/store-release, and table

branch

These instructions are under 32-bit.

15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0 151413121110 9 8 7 6 5 4 3 2 1 O
| 1110100 |  op0  Jopl] op2 | | op3 |
The following constraints also apply to this encoding: opO<1> == 1
op0 D::;;)de ﬁelﬁ;z op3 Instruction details
0010 Load/store exclusive
0110 0 000 | UNALLOCATED
0110 1 000 | TBB, TBH
0110 01x Load/store exclusive byte/half/dual
0110 1xx Load-acquire / Store-release
Ox11 = 1111 Load/store dual (immediate, post-indexed)
1x10 = 1111 Load/store dual (immediate)
1x11 = 1111 Load/store dual (immediate, pre-indexed)
= Oxx0 1111 LDRD (literal)

Load/store exclusive

These instructions are under Load/store dual, load/store exclusive, load-acquire/store-release, and table branch.

15

14 13 12 11

10

3

2 1 0 15 14 13 12 11 10 9 8

7

6 5 4 3

2

1

0

[1

1 101

0

9 8 7 6 5 4
0 00 1O0][L|

Rn | Rt | Rd

imm8

Decode fields

Instruction Details

L
0 STREX
1 LDREX
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Load/store exclusive byte/half/dual

These instructions are under Load/store dual, load/store exclusive, load-acquire/store-release, and table branch.

1514 13121110 9 8 7 6 5 4 3 2 1 0 1514 13121110 9 8 7 6 5 4 3 2 1 O
[1 11 0100011 O0fL] Rn | Rt | Rt2 [0 1] sz | Rd |

Decode fields
sz

00 STREXB
01 STREXH
10 UNALLOCATED
11 STREXD
00 LDREXB
01 LDREXH
10 UNALLOCATED
11 LDREXD

Instruction Details

RIRRrloloo|o|-

Load-acquire / Store-release

These instructions are under Load/store dual, load/store exclusive, load-acquire/store-release, and table branch.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 1514 13121110 9 8 7 6 5 4 3 2 1 O
[1 11 0100011 O0[L] Rn | Rt | Rt2 [1]op| sz | Rd |

Decode fields .\ tion Details

L op Sz

0 O | 00 | sTLB

0 O | 01 | sTLH

0 0 |10 | sTL

0 O | 11 | UNALLOCATED
0 1 | 00 | STLEXB

0 1 | 01 | STLEXH

0 1 |10 | STLEX

0 1 | 11 | STLEXD

1 O | 00 | LDAB

1 0 | 01 | LpAH

1 0 10 | LbA

1 0 11 | UNALLOCATED
1 1 | 00 | LDAEXB

1 1 | 01 | LDAEXH

1 1 | 10 | LDAEX

1 1 | 11 | LDAEXD

Load/store dual (immediate, post-indexed)

These instructions are under Load/store dual, load/store exclusive, load-acquire/store-release, and table branch.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 1514 13121110 9 8 7 6 5 4 3 2 1 O
[1 11 0100 0ofJUu[1l 1[L[ '=1111 | Rt | Rt2 | imm8
Rn

The following constraints also apply to this encoding: Rn != 1111 && Rn != 1111
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Decode fields Instruction Details

L
0 STRD (immediate)
1 LDRD (immediate)

Load/store dual (immediate)

These instructions are under Load/store dual, load/store exclusive, load-acquire/store-release, and table branch.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 1514 13121110 9 8 7 6 5 4 3 2 1 O
[1 11 0100 1[uUuf1 ofL|] '=1111 | Rt | Rt2 | imm8
Rn

The following constraints also apply to this encoding: Rn != 1111 && Rn != 1111

Decode fields | ..\ tion Details

L
0] STRD (immediate)
1 LDRD (immediate)

Load/store dual (immediate, pre-indexed)

These instructions are under Load/store dual, load/store exclusive, load-acquire/store-release, and table branch.

15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0 1514 13121110 9 8 7 6 5 4 3 2 1 O
1 1 1 01 0 0 1[U[1 1[L[ '=1111 | Rt | Rt2 | imm8 |
Rn

The following constraints also apply to this encoding: Rn != 1111 && Rn != 1111

Decode fields ;'\ ction Details

L
0 STRD (immediate)
1 LDRD (immediate)

Data-processing (shifted register)

These instructions are under 32-bit.

1514 13121110 9 8 7 6 5 4 3 2 1 0 151413121110 9 8 7 6 5 4 3 2 1 0
1 11 010 1] opl [S] Rn (0)] imm3 | Rd [imm2|stype]| Rm |

Decode fields Instruction Details

opl S Rn imm3:imm?2:stype Rd
0000 | O AND, ANDS (register) — AND, rotate right with
extend

0000 | 1 I= 0000011 = AND, ANDS (register) — ANDS, shift or rotate by
1111 value

0000 | 1 I= 0000011 1111 TST (register) — shift or rotate by value

0000 | 1 0000011 = AND, ANDS (register) — ANDS, rotate right with
1111 extend

0000 | 1 0000011 1111 TST (register) — rotate right with extend

0001 BIC, BICS (register)

0010 | O I= ORR, ORRS (register) — ORR

1111
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Top-level encodings for T32

Decode fields Instruction Details

opl S Rn imm3:imm?2:stype Rd
0010 | O 1111 MOV, MOVS (register) — MOV
0010 | 1 I= ORR, ORRS (register) — ORRS
1111
0010 | 1 1111 MOV, MOVS (register) — MOVS
0011 | © I= ORN, ORNS (register) — not flag setting
1111
0011 | © 1111 MVN, MVNS (register) — MVN
0011 | 1 I= ORN, ORNS (register) — flag setting
1111
0011 | 1 1111 MVN, MVNS (register) — MVNS
0100 | O EOR, EORS (register) — EOR, rotate right with
extend
0100 | 1 I= 0000011 = EOR, EORS (register) — EORS, shift or rotate by
1111 value
0100 | 1 I= 0000011 1111 TEQ (register) — shift or rotate by value
0100 | 1 0000011 = EOR, EORS (register) — EORS, rotate right with
1111 extend
0100 1 0000011 1111 TEQ (register) — rotate right with extend
0101 UNALLOCATED
0110 | © XXXXX00 PKHBT, PKHTB — PKHBT
0110 | © XXXXX01 UNALLOCATED
0110 | © XXXXX10 PKHBT, PKHTB — PKHTB
0110 | © XXXXX11 UNALLOCATED
0111 UNALLOCATED
1000 | O I= ADD, ADDS (register) — ADD
1101
1000 | O 1101 ADD, ADDS (SP plus register) — ADD
1000 | 1 I= I= ADD, ADDS (register) — ADDS
1101 1111
1000 | 1 1101 = ADD, ADDS (SP plus register) — ADDS
1111
1000 | 1 1111 CMN (register)
1001 UNALLOCATED
1010 ADC, ADCS (register)
1011 SBC, SBCS (register)
1100 UNALLOCATED
1101 | O I= SUB, SUBS (register) — SUB
1101
1101 | O 1101 SUB, SUBS (SP minus register) — SUB
1101 | 1 I= I= SUB, SUBS (register) — SUBS
1101 1111
1101 | 1 1101 = SUB, SUBS (SP minus register) — SUBS
1111
1101 | 1 1111 CMP (register)
1110 RSB, RSBS (register)
1111 UNALLOCATED
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Branches and miscellaneous control

Top-level encodings for T32

These instructions are under 32-bit.

1514 1312 11 10 9 8 7 6 5 4 3 2

0

15 14 13 12 11 10 9 8 7

0

| 11110 lop0]

opl | op2 |

1] op3 [ | op4 |

Decode fields

Instruction details

op0 opl op2 op3 op4 op>
0 1110 Ox | Ox0 0] MSR (register)
0 1110 Ox | Ox0 1 MSR (Banked register)
0 1110 10 | Ox0 000 Hints
0 1110 10 | Ox0 | '= 000 Change processor state
0 1110 11 0x0 Miscellaneous system
0 1111 00 | Ox0 BX]
0 1111 01 Ox0 Exception return
0 1111 1x | Ox0 0 MRS
0 1111 1x | Ox0 1 MRS (Banked register)
1 1110 00 | 000 DCPS
1 1110 00 | 010 UNALLOCATED
1 1110 01 | Ox0 UNALLOCATED
1 1110 1x | Ox0 UNALLOCATED
1 1111 Ox | Ox0 UNALLOCATED
1 1111 1x | Ox0 Exception generation
I= 111x 0x0 B — T3
0x1 B—T4
1x0 BL, BLX (immediate) — T2
1x1 BL, BLX (immediate) — T1
Hints

These instructions are under Branches and miscellaneous control.

15 14 13

12 11 10

0

15 14 13 12 11 10 9 8 7

6 5 4 3

0

[1 1 1

1 00

9 8 7 6 5 4 3 2
1 1 1 0 1 o]

DIW[1 ofofofo)]o 0 0]

Decode fields

Instruction Details

Architecture Version

hint option
0000 | 0000 | NoP
0000 | 0001 | vIELD
0000 | 0010 | wrFE
0000 | 0011 | wrI
0000 | 0100 | sev
0000 | 0101 | sevL
0000 | 011x Reserved hint, behaves as NOP
0000 | 1xxx Reserved hint, behaves as NOP
0001 | 0000 | ESB Armv8.2
0001 | 0001 Reserved hint, behaves as NOP | -
0001 | 0010 | TSBCSYNC Armv8.4
0001 0011 Reserved hint, behaves as NOP
0001 | 0100 | cspB
0001 | 0101 Reserved hint, behaves as NOP
0001 | 011x Reserved hint, behaves as NOP
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Decode fields

. . Instruction Details Architecture Version
hint option

0001 IXxxX Reserved hint, behaves as NOP | -
001x Reserved hint, behaves as NOP | -
01xx Reserved hint, behaves as NOP | -
10xx Reserved hint, behaves as NOP | -
110x Reserved hint, behaves as NOP | -
1110 Reserved hint, behaves as NOP | -
1111 DBG -

Change processor state

These instructions are under Branches and miscellaneous control.

15 14 13121110 9 8 7 6 5 4 3 2 1 0 1514 13121110 9 8 7 6 5 4 3 2 1 O
[1 111001110 1 olimi1 olwo]|o)]imod|{M[A|I]F] mode |

The following constraints also apply to this encoding: imod:M != 000

Decode fields Instruction Details

imod M
00 1 CPS, CPSID, CPSIE — CPS
01 UNALLOCATED
10 CPS, CPSID, CPSIE — CPSIE
11 CPS, CPSID, CPSIE — CPSID

Miscellaneous system

These instructions are under Branches and miscellaneous control.

15 14 13 12 11 10

9 8 1 0 1514 1312 1110 9 8 7 6 5 4 3 2 1 0
1 1110011

6 5 4 3 2
0 1 1|1 oo D) opc | option |

[~

Decode fields Instruction Details

opc option
000x UNALLOCATED
0010 CLREX
0011 UNALLOCATED

0100 | '= Ox00 | psB
0100 0000 SSBB
0100 0100 PSSBB

0101 DMB

0110 ISB

0111 SB

Ixxx UNALLOCATED

Exception return

These instructions are under Branches and miscellaneous control.

15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0 151413121110 9 8 7 6 5 4 3 2 1 O
11110011110 1] Rn O EIENENENED imm8
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Decode fields

Top-level encodings for T32

Instruction Details

Rn imm$8
I= 00000000 | SUB, SUBS (immediate)
1110 00000000 ERET
DCPS

These instructions are under Branches and miscellaneous control.

15 14 1312 1110 9 8 7 6 5 4 3 2 1 0 1514 13121110 9 8 7 6 5 4 3 2 1 O
[1 11101111000 imm4 [1 00 O] imm10 | opt |
. Decod_e fields Instruction Details
imm4 imm10 opt
= 1111 UNALLOCATED
1111 I= 0000000000 UNALLOCATED
1111 0000000000 00 | UNALLOCATED
1111 0000000060 01 | bpcpsi
1111 00000000 10 | DpcPs2
1111 000000000 11 | pcps3
Exception generation
These instructions are under Branches and miscellaneous control.
15 14 1312 1110 9 8 7 6 5 4 3 2 1 0 1514 13121110 9 8 7 6 5 4 3 2 1 0
[1 1 11011111 1fol] imm4 [1 0]o2[0] imm12
Decode fields Instruction Details
ol 02
0 0 HVC
0 1 UNALLOCATED
1 0 SMC
1 1 UDF
Data-processing (modified immediate)
These instructions are under 32-bit.
1514 13121110 9 8 7 6 5 4 3 2 1 0 151413121110 9 8 7 6 5 4 3 2 1 0
1 1 11 0]il0] opl [ S| Rn [0] imm3 | Rd | imm8
opl S Decodlgnﬁelds Rd Instruction Details
0000 | O AND, ANDS (immediate) — AND
0000 | 1 = 1111 | AND, ANDS (immediate) — ANDS
0000 | 1 1111 TST (immediate)
0001 BIC, BICS (immediate)
0010 | 0 | !'= 1111 ORR, ORRS (immediate) — ORR
0010 | 0 1111 MOV, MOVS (immediate) — MOV
00160 | 1 | '= 1111 ORR, ORRS (immediate) — ORRS
0010 | 1 1111 MOV, MOVS (immediate) — MOVS
0011 | 0 | = 1111 ORN, ORNS (immediate) — not flag setting
0011 | © 1111 MVN, MVNS (immediate) — MVN
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Top-level encodings for T32

Instruction Details

opl S Rn Rd
0011 1 = 1111 ORN, ORNS (immediate) — flag setting
0011 (| 1 1111 MVN, MVNS (immediate) — MVNS
0100 | O EOR, EORS (immediate) — EOR
0100 | 1 I= 1111 | EOR, EORS (immediate) — EORS
0100 | 1 1111 TEQ (immediate)
0101 UNALLOCATED
011x UNALLOCATED
1000 | 0 | '= 1101 ADD, ADDS (immediate) — ADD
1000 | O 1101 ADD, ADDS (SP plus immediate) — ADD
1000 | 1 | !'= 1101 | !'= 1111 | ADD, ADDS (immediate) — ADDS
1000 | 1 1101 I= 1111 | ADD, ADDS (SP plus immediate) — ADDS
1000 | 1 1111 CMN (immediate)
1001 UNALLOCATED
1010 ADC, ADCS (immediate)
1011 SBC, SBCS (immediate)
1100 UNALLOCATED
1101 | 0 | '= 1101 SUB, SUBS (immediate) — SUB
1101 | O 1101 SUB, SUBS (SP minus immediate) — SUB
1101 | 1 | !'= 1101 | !'= 1111 | SUB, SUBS (immediate) — SUBS
1101 | 1 1101 I= 1111 | SUB, SUBS (SP minus immediate) — SUBS
1101 | 1 1111 CMP (immediate)
1110 RSB, RSBS (immediate)
1111 UNALLOCATED

Data-processing (plain binary immediate)

These instructions are under 32-bit.

15 14 13 12 11 10 9 8 7 6 5 4 3

2 1 0 1514 13 12 11 10 9 8 7

6 5 4 3

0

| 11110 | [1op0] [ op1l 0]

[0]

Decode fields

Instruction details

op0 opl
0 Ox Data-processing (simple immediate)
0 10 Move Wide (16-bit immediate)
0 11 UNALLOCATED
1 Saturate, Bitfield

Data-processing (simple immediate)

These instructions are under Data-processin

15 14 13 12 11 10 9 8 7 6 5 4 3

lain binary immediate).

2 1 0 15 14 13 12 11 10 9 8 7

6 5 4 3

0

1 1 1 1 0/i[1 0lo1l/0]02[0]

Rn 0] imm3 | Rd |

Decode fields

Instruction Details

ol 02 Rn

0 0 I= 11x1 | ADD, ADDS (immediate)

0 0 1101 ADD, ADDS (SP plus immediate)
0 0 1111 ADR — T3
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Decode fields Instruction Details

ol 02 Rn

0 1 UNALLOCATED

1 0 UNALLOCATED

1 1 I= 11x1 | SUB, SUBS (immediate)

1 1 1101 SUB, SUBS (SP minus immediate)
1 1 1111 ADR — T2

Move Wide (16-bit immediate)

These instructions are under Data-processin lain binary immediate).

15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0 151413121110 9 8 7 6 5 4 3 2 1 O
1 1 1 1 0]i]1 ofol[2 0 O] imm4 [O] imm3 | Rd | imm8

Decode fields Instruction Details

ol
0 MOV, MOVS (immediate)
1 MOVT

Saturate, Bitfield

These instructions are under Data-processin lain binary immediate).

1514 13 12 1110 9 8 7 6 5 4 3 2 1 0 151413121110 9 8 7 6 5 4 3 2 1 O
1 1 1 1 01 1] opl [O] Rn 0] imm3 | Rd [imm2](0)]  widthml |

Decode fields Instruction Details

opl Rn imm3:imm?2

000 SSAT — logical shift left

001 I= 00000 SSAT — arithmetic shift right
001 00000 SSAT16

010 SBFX

011 | !'= 1111 BFI

011 1111 BFC

100 USAT — logical shift left
101 I= 00000 USAT — arithmetic shift right
101 00000 USAT16

110 UBFX

111 UNALLOCATED

Advanced SIMD element or structure load/store

These instructions are under 32-bit.

1514 1312 1110 9 8 7 6 5 4 3 2 1 0 15141312 1110 9 8 7 6 5 4 3 2 1 O
11111001 lop0) 0] | opl |

Decode fields Instruction details

op0 opl
0 Advanced SIMD load/store multiple structures
1 11 Advanced SIMD load single structure to all lanes
1 I= 11 | Advanced SIMD load/store single structure to one lane
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Advanced SIMD load/store multiple structures

These instructions are under Advanced SIMD element or structure load/store.

1514 13121110 9 8 7 6 5 4 3 2 1 0 1514 13121110 9 8 7 6 5 4 3 2 1 O
[1 111100 1o0|D[L[O] Rn | vd |  itype | size [align] Rm |

Decode fields Instruction Details

L itype

0 000x VST4 (multiple 4-element structures)

0 0010 VST1 (multiple single elements) — T4

0 0011 VST2 (multiple 2-element structures) — T2

0 010x VST3 (multiple 3-element structures)

0 0110 VST1 (multiple single elements) — T3

0 0111 VST1 (multiple single elements) — T1

0 100x VST2 (multiple 2-element structures) — T1

0 1010 VST1 (multiple single elements) — T2

1 000x VLD4 (multiple 4-element structures)

1 0010 VLD1 (multiple single elements) — T4

1 0011 VLD2 (multiple 2-element structures) — T2

1 010x VLD3 (multiple 3-element structures)
1011 UNALLOCATED

1 0110 VLD1 (multiple single elements) — T3

1 0111 VLD1 (multiple single elements) — T1
11xx UNALLOCATED

1 100x VLD2 (multiple 2-element structures) — T1

1 1010 VLD1 (multiple single elements) — T2

Advanced SIMD load single structure to all lanes

These instructions are under Advanced SIMD element or structure load/store.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 1514 13 121110 9 8 7 6 5 4 3 2 1 O
1 1 111001 1|/D|[L[O] Rn | vd [1 1| N [size[T|a] Rm |

Decode fields Instruction Details

N a
UNALLOCATED
00 VLD1 (single element to all lanes)
01 VLD2 (single 2-element structure to all lanes)

10 0 VLD3 (single 3-element structure to all lanes)
10 | 1 | UNALLOCATED
11 VLD4 (single 4-element structure to all lanes)

PR =

Advanced SIMD load/store single structure to one lane

These instructions are under Advanced SIMD element or structure load/store.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 1514 13121110 9 8 7 6 5 4 3 2 1 O
[1 1111001 1[D[L[O] Rn | vd ['=11] N [index align ]| Rm |
size

The following constraints also apply to this encoding: size '= 11 && size != 11
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Top-level encodings for T32

Instruction Details

L size N

0] 00 00 VST1 (single element from one lane) — T1

0] 00 01 VST2 (single 2-element structure from one lane) — T1
0] 00 10 VST3 (single 3-element structure from one lane) — T1
0 00 11 | VST4 (single 4-element structure from one lane) — T1
0 01 00 | VST1 (single element from one lane) — T2

0] 01 | 01 | VST2 (single 2-element structure from one lane) — T2
0 01 | 10 | VST3 (single 3-element structure from one lane) — T2
0 01 11 | VST4 (single 4-element structure from one lane) — T2
0] 10 00 VST1 (single element from one lane) — T3

0] 10 01 VST2 (single 2-element structure from one lane) — T3
0] 10 10 VST3 (single 3-element structure from one lane) — T3
0 10 11 | VST4 (single 4-element structure from one lane) — T3
1 00 | 00 | VLD1 (single element to one lane) — T1

1 00 | 01 | VLD2 (single 2-element structure to one lane) — T1

1 00 | 10 | VLD3 (single 3-element structure to one lane) — T1

1 00 | 11 | VLD4 (single 4-element structure to one lane) — T1

1 01 00 VLD1 (single element to one lane) — T2

1 01 01 VLD2 (single 2-element structure to one lane) — T2

1 01 10 VLD3 (single 3-element structure to one lane) — T2

1 01 11 VLD4 (single 4-element structure to one lane) — T2

1 10 | 00 | VLDI1 (single element to one lane) — T3

1 10 | 01 | VLD2 (single 2-element structure to one lane) — T3

1 10 | 10 | VLD3 (single 3-element structure to one lane) — T3

1 10 11 | VLD4 (single 4-element structure to one lane) — T3

Load/store single

These instructions are under 32-bit.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 1514 13 12 11 10 9 8

7

6 5 4 3

2

1

0

1111100

| opO | bpl op2 | I

op3

The following constraints also apply to this encoding: opO<1>:0pl1 != 10

Decode fields

Instruction details

op0 opl op2 op3

00 I= 1111 | 000000 | Load/store, unsigned (register offset)

00 = 1111 | 000001 | UNALLOCATED

00 = 1111 | OOO0O01X | UNALLOCATED

00 I= 1111 | O001XX | UNALLOCATED

00 I= 1111 | OO1XXX | UNALLOCATED

00 I= 1111 | O1XXXX | UNALLOCATED

00 I= 1111 | 10xOXX | UNALLOCATED

00 = 1111 | 10X1XX | Load/store, unsigned (immediate, post-indexed)
00 I= 1111 | 1100xx Load/store, unsigned (negative immediate)

00 I'= 1111 | 1110XX | Load/store, unsigned (unprivileged)

00 I'= 1111 | 11X1XxX | Load/store, unsigned (immediate, pre-indexed)
01 = 1111 Load/store, unsigned (positive immediate)
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Ox 1111 Load, unsigned (literal)

10 1 I= 1111 | OO0000 | Load/store, signed (register offset)

10 1 = 1111 | 000001 | UNALLOCATED

10 1 = 1111 | OO001X | UNALLOCATED

10 1 = 1111 | O001XX | UNALLOCATED

10 1 I= 1111 | O01XxXX | UNALLOCATED

10 1 I= 1111 | O1XXXX | UNALLOCATED

10 1 I= 1111 | 10xOXX | UNALLOCATED

10 1 I= 1111 | 10x1xx Load/store, signed (immediate, post-indexed)
10 1 I= 1111 | 1100XX | Load/store, signed (negative immediate)

10 1 I= 1111 | 1110XX | Load/store, signed (unprivileged)

10 1 I'= 1111 | 11X1XX | Load/store, signed (immediate, pre-indexed)
11 1 = 1111 Load/store, signed (positive immediate)

1x 1 1111 Load, signed (literal)

Load/store, unsigned (register offset)

These instructions are under Load/store single.

7 6 5 4 3 2 1 0 1514 13121110 9 8 7 6 5 4 3 2 1 0
0size [L] !=1111 | Rt [0 0 0O 0O 0 O[imm2] Rm |
Rn

15 14 13 12 11 10 9 8
[1 1111000

The following constraints also apply to this encoding: Rn != 1111 && Rn != 1111

Decode fields Instruction Details

size L Rt
00 | O STRB (register)
00 1 = 1111 LDRB (register)
00 1 1111 PLD, PLDW (register) — preload read
01 0 STRH (register)
01 1 | !'= 1111 | LDRH (register)
01 1 1111 PLD, PLDW (register) — preload write
10 0 STR (register)
10 1 LDR (register)
11 UNALLOCATED

Load/store, unsigned (immediate, post-indexed)

These instructions are under Load/store single.

7 6 5 4 3 2 1 0 1514 13121110 9 8 7 6 5 4 3 2 1 O
0size [L] !=1111 ] Rt [1 oJul1] imm8
Rn

15 14 13 12 11 10 9 8
[1 1111000

The following constraints also apply to this encoding: Rn != 1111 && Rn != 1111

Decode fields
size L

00 0 STRB (immediate)
00 1 LDRB (immediate)
01 0 STRH (immediate)

Instruction Details
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Decode fields

size L Instruction Details
01 1 LDRH (immediate)
10 0 STR (immediate)
10 1 LDR (immediate)
11 UNALLOCATED

Load/store, unsigned (negative immediate)

These instructions are under Load/store single.

15 14 1312 11 10 9 8 7 6 5 4 3 2 1 0 1514 13 121110 9 8 7 6 5 4 3 2 1 O
1 1 1 1100 0 O0fsize|[L| !'=1111 | Rt [1 1 0 0] imm8
Rn

The following constraints also apply to this encoding: Rn != 1111 && Rn != 1111

Decode fields Instruction Details

size L Rt

00 | O STRB (immediate)

00 1 | !'= 1111 | LDRB (immediate)

00 1 1111 PLD, PLDW (immediate) — preload read
01 | O STRH (immediate)

01 1 | !'= 1111 | LDRH (immediate)

01 1 1111 PLD, PLDW (immediate) — preload write
10 0 STR (immediate)

10 1 LDR (immediate)

11 UNALLOCATED

Load/store, unsigned (unprivileged)

These instructions are under Load/store single.

8 7 6 5 4 3 2 1 0 151413121110 9 8 7 6 5 4 3 2 1 O
0 0]size |L]| !'=1111 | Rt [1 1 1 0] imm8
Rn

15 14 13 12 11 10 9
1111100

The following constraints also apply to this encoding: Rn != 1111 && Rn != 1111

Decode fields ;.\, ction Details

size L

00 0 STRBT

00 1 LDRBT

01 0 STRHT

01 1 LDRHT

10 0 STRT

10 1 LDRT

11 UNALLOCATED

Load/store, unsigned (immediate, pre-indexed)

These instructions are under Load/store single.
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15 14 1312 1110 9 8 7 6 5 4 3 2 1 0 151413121110 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 00 0 0fsize[L| !'=1111 | Rt [1 1]uf1] imm8
Rn

The following constraints also apply to this encoding: Rn != 1111 && Rn != 1111
De.c ode fields Instruction Details

size L

00 0 STRB (immediate)

00 1 LDRB (immediate)

01 0 STRH (immediate)

01 1 LDRH (immediate)

10 0 STR (immediate)

10 1 LDR (immediate)

11 UNALLOCATED

Load/store, unsigned (positive immediate)

These instructions are under Load/store single.

15 14 1312 1110 9 8 7 6 5 4 3 2 1 0 151413121110 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 00 0 1[size[L] '=1111 | Rt | imm12
Rn

The following constraints also apply to this encoding: Rn != 1111 && Rn != 1111

. Decode fields Instruction Details
size L Rt
00 0 STRB (immediate)
00 1 | '= 1111 | LDRB (immediate)
00 1 1111 PLD, PLDW (immediate) — preload read
01 0 STRH (immediate)
01 1 | !'= 1111 | LDRH (immediate)
01 1 1111 PLD, PLDW (immediate) — preload write
10 0 STR (immediate)
10 1 LDR (immediate)

Load, unsigned (literal)

These instructions are under Load/store single.

15 14 1312 1110 9 8 7 6 5 4 3 2 1 0 151413121110 9 8 7 6 5 4 3 2 1 0

1 1 1 1100 Of[U[size[L[1 1 1 1] Rt | imm12
. Decode fields Instruction Details
size L Rt
Ox 1 1111 PLD (literal)
00 1 | '= 1111 | LDRB (literal)
01 1 | !'= 1111 | LDRH (literal)
10 1 LDR (literal)
11 UNALLOCATED

Load/store, signed (register offset)

These instructions are under Load/store single.
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8 7 6 5 4 3 2 1 0 1514 13 12 11 10 9 8 7 6
1 0]size 1] !'=1111 | Rt |0 0 0 0 0 0]imm2] Rm |
Rn

15 14 13 12 11 10 9
11 11100

The following constraints also apply to this encoding: Rn != 1111 && Rn != 1111

Decode fields Instruction Details

size Rt
00 I= 1111 | LDRSB (register)
00 1111 PLI (register)
01 | !'= 1111 | LDRSH (register)
01 1111 Reserved hint, behaves as NOP
1x UNALLOCATED

Load/store, signed (immediate, post-indexed)

These instructions are under Load/store single.

8 7 6 5 4 3 2 1 0 151413121110 9 8 7 6 5 4 3 2 1 O
1 0size 1] !'=1111 | Rt [1 oJu|1] imm8
Rn

15 14 13 12 11 10 9
1111100

The following constraints also apply to this encoding: Rn != 1111 && Rn != 1111

Decode fields ;.\, ction Details

size
00 LDRSB (immediate)
01 LDRSH (immediate)
1x UNALLOCATED

Load/store, signed (negative immediate)

These instructions are under Load/store single.

8 7 6 5 4 3 2 1 0 151413121110 9 8 7 6 5 4 3 2 1 O
1 0]size|1] !'=1111 | Rt [1 1 0 0] imm8
Rn

15 14 13 12 11 10 9
11 11100

The following constraints also apply to this encoding: Rn != 1111 && Rn != 1111

Decode fields Instruction Details

size Rt

00 | '= 1111 | LDRSB (immediate)

00 1111 PLI (immediate, literal)

01 = 1111 | LDRSH (immediate)

01 1111 Reserved hint, behaves as NOP
1x UNALLOCATED

Load/store, signed (unprivileged)

These instructions are under Load/store single.

8 7 6 5 4 3 2 1 0 151413121110 9 8 7 6 5 4 3 2 1 O
1 0size 1] !'=1111 | Rt [1 1 1 0] imm8
Rn

15 14 13 12 11 10 9
11 11100
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The following constraints also apply to this encoding: Rn != 1111 && Rn != 1111

Decode fields

. Instruction Details
size

00 LDRSBT
01 LDRSHT
1x UNALLOCATED

Load/store, signed (immediate, pre-indexed)

These instructions are under Load/store single.

8 7 6 5 4 3 2 1 0 151413121110 9 8 7 6 5 4 3 2 1 0
1 0]size[1] '=1111 | Rt [1 1{uf1] imm8
Rn

15 14 13 12 11 10 9
[1 111100

The following constraints also apply to this encoding: Rn != 1111 && Rn != 1111

Decode fields ;i\, ction Details

size
00 LDRSB (immediate)
01 LDRSH (immediate)
1x UNALLOCATED

Load/store, signed (positive immediate)

These instructions are under Load/store single.

8 7 6 5 4 3 2 1 0 151413121110 9 8 7 6 5 4 3 2 1 O
1 1[size|1] !'=1111 | Rt | imm12
Rn

15 14 13 12 11 10 9
1111100

The following constraints also apply to this encoding: Rn != 1111 && Rn != 1111

Decode fields Instruction Details

size Rt

00 | !'= 1111 | LDRSB (immediate)

00 1111 PLI (immediate, literal)

01 | !'= 1111 | LDRSH (immediate)

01 1111 Reserved hint, behaves as NOP

Load, signed (literal)

These instructions are under Load/store single.

8 7 6 5 4 3 2 1 0 1514 13121110 9 8 7 6 5 4 3 2 1 0
1]U[size[1 1 1 1 1] Rt | imm12

Decode fields Instruction Details

size Rt
00 I= 1111 | LDRSB (literal)
00 1111 PLI (immediate, literal)
01 = 1111 | LDRSH (literal)
01 1111 Reserved hint, behaves as NOP
1x UNALLOCATED
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Data-processing (register)

These instructions are under 32-bit.

1514 13121110 9 8 7 6 5 4 3 2 1 0 151413121110 9 8 7 6 5 4 3 2 1 0
| 11111010 lop0| [ 1111 | |  op1 |
?);((:)ode ﬁ:;(;s Instruction details
0 0000 MOV, MOVS (register-shifted register) — T2, Flag setting
0 0001 | UNALLOCATED
0 001X | UNALLOCATED
0 01XX | UNALLOCATED
0 Ixxx Register extends
1 OxxX Parallel add-subtract
1 10XX | Data-processing (two source registers)
1 11XX | UNALLOCATED
Register extends
These instructions are under Data-processing (register).
1514 13121110 9 8 7 6 5 4 3 2 1 0 151413121110 9 8 7 6 5 4 3 2 1 0
[1 1111010 0fopl]|U] Rn [1 1 1 1] Rd [ 1 {(0)|rotate] Rm |
op1 DecI(J)de ﬁel(}:n Instruction Details
00 O | '= 1111 | sxTAH
00 0 1111 SXTH
00 1 |!= 1111 | uxTtAH
00 1 1111 UXTH
01 | 0 | '= 1111 | SXTAB16
01 0 1111 SXTB16
01 1 | != 1111 | uxTAB16
01 1 1111 UXTB16
10 O | '= 1111 | sxTaB
10 0 1111 SXTB
10 1 {!'= 1111 | uxTtaB
10 1 1111 UXTB
11 UNALLOCATED
Parallel add-subtract
These instructions are under Data-processing (register).
1514 13121110 9 8 7 6 5 4 3 2 1 0 151413121110 9 8 7 6 5 4 3 2 1 0
[1 1 111010 1] opl | Rn [1 1 1 1] Rd [0JU[H]S] Rm |
opi) ecol(Jie ﬁ(;ids S Instruction Details
000 | © | O | O | sADDS
000 | © | O | 1 | QADDS
000 | © | 1 | O | SHADDS
000 | © | 1 | 1 | UNALLOCATED
000 | 1 | © | O | UADDS
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Decode fields

Instruction Details

Top-level encodings for T32

opl U H S

000 | 1 | © | 1 | UQADDS

000 | 1 | 1 | 0 | UHADDS

000 | 1 | 1 | 1 | UNALLOCATED
001 | © | O | O | sADD16

001 | 06 | 06 | 1 | QADD16

001 | 06 | 1 | O | SHADDI16

001 | 0 | 1 | 1 | UNALLOCATED
001 | 1 | 06 | 0 | uaDD16

001 | 1 | © | 1 | UQADD16

001 | 1 | 1 | O | uHADD16

001 | 1 | 1 | 1 | UNALLOCATED
010 | O | O | O | sAsx

010 | © | 0 | 1 | QAsx

010 | © | 1 | O | SHASX

010 | © | 1 | 1 | UNALLOCATED
010 | 1 | O | O | uAsx

010 | 1 | © | 1 | vuAasx

010 | 1 | 1 | O | UHASX

010 | 1 | 1 | 1 | UNALLOCATED
100 | © [ O | O | ssuBs8

100 | O [ O | 1 | QsuBs

100 | © [ 1 | O | SHSUBS

100 | © | 1 | 1 | UNALLOCATED
100 { 1 [ O | O | usuBs

100 { 1 { 0 | 1 | uQsuBs

160 | 1 (1 | O | uHSUBS

100 | 1 | 1 | 1 | UNALLOCATED
101 | © [ O | O | ssuB16

101 | O | O | 1 | QsuB16

101 | © [ 1 | O | SHSUB16

101 | © | 1 | 1 | UNALLOCATED
101 | 1 | 0 | O | usuBi6

101 | 1 [ O0 | 1 | UQSUB16

101 | 1 | 1 | O | uHSUB16

101 | 1 | 1 | 1 | UNALLOCATED
110 | O | O | O | ssax

110 | 06 | 0 | 1 | 0QsAX

110 | © | 1 | O | SHSAX

110 | © | 1 | 1 | UNALLOCATED
110 | 1 | 0 | O | uUsax

110 | 1 [ 0 | 1 | UQSAX

110 | 1 | 1 | 0 | uHsAX

110 | 1 | 1 | 1 | UNALLOCATED
111 UNALLOCATED

Data-processing (two source registers)

These instructions are under Data-processing (register).
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15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0 1514 13121110 9 8 7 6 5 4 3 2 1 O
1 1 111 1 0 1] opl | Rn 1 1 1 1] Rd |1 0] op2 | Rm |
]3)(13)(:10de ﬁ(()ellgs Instruction Details
000 00 QADD
000 01 QDADD
000 10 QSUB
000 11 QDSUB
001 00 REV
001 01 REV16
001 10 RBIT
001 11 REVSH
010 00 SEL
010 01 UNALLOCATED
010 1x UNALLOCATED
011 00 CLZ
011 01 UNALLOCATED
011 1x UNALLOCATED
100 00 CRC32 — CRC32B
100 01 CRC32 — CRC32H
100 10 CRC32 — CRC32W
100 11 CONSTRAINED UNPREDICTABLE
101 00 CRC32C — CRC32CB
101 01 CRC32C — CRC32CH
101 10 CRC32C — CRC32CW
101 11 CONSTRAINED UNPREDICTABLE
11x UNALLOCATED
The behavior of the CONSTRAINED UNPREDICTABLE encodings in this table is described in CONSTRAINED
UNPREDICTABLE behavior for A32 and T32 instruction encodings
Multiply, multiply accumulate, and absolute difference
These instructions are under 32-bit.
15 14 1312 1110 9 8 7 6 5 4 3 2 1 0 1514 13121110 9 8 7 6 5 4 3 2 1 0
| 111110110 | | op0 |
Deco(c)l;oﬁelds Instruction details
00 Multiply and absolute difference
01 UNALLOCATED
1x UNALLOCATED
Multiply and absolute difference
These instructions are under Multiply, multiply accumulate, and absolute difference.
1514 13121110 9 8 7 6 5 4 3 2 1 0 151413121110 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 0[] opl | Rn | Ra | Rd |0 0] op2 | Rm |
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Top-level encodings for T32

Instruction Details

opl Ra op2

000 | '= 1111 | OO0 | MLA, MLAS

000 01 MLS

000 1X | UNALLOCATED

000 1111 00 | MUL, MULS

001 | !'= 1111 | 00 SMLABB, SMLABT, SMLATB, SMLATT — SMLABB
001 | !'= 1111 | 0O1 SMLABB, SMLABT, SMLATB, SMLATT — SMLABT
001 | !'= 1111 | 10 SMLABB, SMLABT, SMLATB, SMLATT — SMLATB
001 | '= 1111 | 11 SMLABB, SMLABT, SMLATB, SMLATT — SMLATT
001 1111 00 SMULBB, SMULBT, SMULTB, SMULTT — SMULBB
001 1111 01 SMULBB, SMULBT, SMULTB, SMULTT — SMULBT
001 1111 10 SMULBB, SMULBT, SMULTB, SMULTT — SMULTB
001 1111 11 SMULBB, SMULBT, SMULTB, SMULTT — SMULTT
010 | '= 1111 | 00 SMLAD, SMLADX — SMLAD

010 | '= 1111 | 0O1 SMLAD, SMLADX — SMLADX

010 1X | UNALLOCATED

010 1111 00 SMUAD, SMUADX — SMUAD

010 1111 01 SMUAD, SMUADX — SMUADX

011 | !'= 1111 | OO0 SMLAWB, SMLAWT — SMLAWB

011 | !'= 1111 | 0O1 SMLAWB, SMLAWT — SMLAWT

011 1x UNALLOCATED

011 1111 00 SMULWB, SMULWT — SMULWB

011 1111 01 SMULWB, SMULWT — SMULWT

100 | '= 1111 | 00O SMLSD, SMLSDX — SMLSD

100 | '= 1111 | 01 SMLSD, SMLSDX — SMLSDX

100 1X | UNALLOCATED

100 1111 00 SMUSD, SMUSDX — SMUSD

100 1111 01 SMUSD, SMUSDX — SMUSDX

101 | '= 1111 | 0O SMMLA, SMMLAR — SMMLA

101 | '= 1111 | 01 SMMLA, SMMLAR — SMMLAR

101 1x UNALLOCATED

101 1111 00 SMMUL, SMMULR — SMMUL

101 1111 01 SMMUL, SMMULR — SMMULR

110 00 SMMLS, SMMLSR — SMMLS

110 01 SMMLS, SMMLSR — SMMLSR

110 1X | UNALLOCATED

111 | '= 1111 | 00 | UsADAS

111 01 UNALLOCATED

111 1x UNALLOCATED

111 1111 00 USADS8

Long multiply and divide

These instructions are under 32-bit.

6 5 4 3 2 1 0 15 14 13 12 11 10 9

15 14 13 12 11 10 9 8 7
[1 111

opl | Rn | Rdlo | RdHi
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Top-level encodings for T32

Instruction Details

opl op2

000 | '= 0000 | UNALLOCATED

000 0000 SMULL, SMULLS

001 | '= 1111 | UNALLOCATED

001 1111 SDIV

010 | '= 0000 | UNALLOCATED

010 0000 UMULL, UMULLS

011 | '= 1111 | UNALLOCATED

011 1111 UDIV

100 0000 SMLAL, SMLALS

100 0001 UNALLOCATED

100 001x UNALLOCATED

100 01xx UNALLOCATED

100 1000 SMLALBB, SMLALBT, SMLALTB, SMLALTT — SMLALBB
100 1001 SMLALBB, SMLALBT, SMLALTB, SMLALTT — SMLALBT
100 1010 SMLALBB, SMLALBT, SMLALTB, SMLALTT — SMLALTB
100 1011 SMLALBB, SMLALBT, SMLALTB, SMLALTT — SMLALTT
100 1100 SMLALD, SMLALDX — SMLALD

100 1101 SMLALD, SMLALDX — SMLALDX

100 111x UNALLOCATED

101 OXXX UNALLOCATED

101 10xx UNALLOCATED

101 1100 SMLSLD, SMLSLDX — SMLSLD

101 1101 SMLSLD, SMLSLDX — SMLSLDX

101 111x UNALLOCATED

110 0000 UMLAL, UMLALS

110 0001 UNALLOCATED

110 001x UNALLOCATED

110 010x UNALLOCATED

110 0110 UMAAL

110 0111 UNALLOCATED

110 Ixxx UNALLOCATED

111 UNALLOCATED
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