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AArch32 -- Base Instructions (alphabetic order)

(old) htmldiff from-

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.

BXJ: 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.

DCPS1BDEPSEDEPS2_DEPS3: Debug Change PE State to EL1.State:

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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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).
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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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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.

QSUBS: 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).

SADDI16: 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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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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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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SVC: Supervisor Call.

SXTAB: Signed Extend and Add Byte.
SXTABI16: 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.

UHADDI16: 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.
UQSUBI16: Unsigned Saturating Subtract 16.

UQSUBS: Unsigned Saturating Subtract 8.
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USADS: 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.
USUBI16: Unsigned Subtract 16.

USUBS: Unsigned Subtract 8.

UXTAB: Unsigned Extend and Add Byte.
UXTABI16: 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.

WEFE: Wait For Event.

WEI: Wait For Interrupt.

YIELD: Yield hint.
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ADC, ADCS (register)

Add with Carry (register) adds a register value, the Carry flag value, and an optionally-shifted register value, and writes the result to the destination
register.
If the destination register is not the PC, the ADCS variant of the instruction updates the condition flags based on the result.
The field descriptions for <Rd> identify the encodings where the PC is permitted as the destination register. ArmARM deprecates any use of these
encodings. However, when the destination register is the PC:
* The ADC variant of the instruction is an interworking branch, see Pseudocode description of operations on the AArch32 general-purpose
registers and the PC.
* The ADCS variant of the instruction performs an exception return without the use of the stack. In this case:
o The PE branches to the address written to the PC, and restores PSTATE from SPSR_<current mode>.
o The PE checks SPSR_<current mode> for an illegal return event. See lllegal return events from AArch32 state.
o The instruction is UNDEFINED in Hyp mode.
o The instruction is CONSTRAINED UNPREDICTABLE in User mode and System mode.

It has encodings from the following instruction sets: A32 (Al )and T32 (Tl and T2).
A1
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 2 1 0

6 5 4 3
| =111 [0 0 0 0[1 0 1[S] Rn | Rd | imm5 Istypetype| 0 | Rm |
cond

ADC, rotate right with extend (S == 0 && imm5 == 00000 && stypetype == 11)

ADC{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX

ADC, shift or rotate by value (S == 0 && !(imm5 == 00000 && stypetype == 11))

ADC{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

ADCS, rotate right with extend (S == 1 && imm5 == 00000 && stypetype == 11)

ADCS{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX

ADCS, shift or rotate by value (S == 1 && !(imm5 == 00000 && stypetype == 11))

ADCS{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

d = UInt(Rd); n = UInt(Rn); m = UInt(Rm); setflags = (S == "'1");
(shift t, shift n) = DecodeImmShift (stype, imm5) ;{Eype; FmmoS);

T1
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
|01 0 00 0[O0 10 1] Rm | Rdn |
T

ADC<c>{<g>} {<Rdn>,} <Rdn>, <Rm> // (Inside IT block)

ADCS{<g>} {<Rdn>,} <Rdn>, <Rm> // (Outside IT block)

d = UInt (Rdn); n = UInt (Rdn); m = UInt (Rm); setflags = !InITBlock();
(shift t, shift n) = (SRType LSL, 0);

T2
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3 2 1 0 15 14 13 12 11 10 9 8

15 14 13 12 11 10 9 8
1

(1 1 1

7 6 5 4 7 6 5 4 3
1.0 1/1 0 1 0]S] Rn [(0)] imm3 | Rd | imm2 [stypetype) Rm |

ADC, rotate right with extend (S == 0 && imm3 == 000 && imm2 == 00 && stypetype == 11)

ADC{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX

ADC, shift or rotate by value (S == 0 && !(imm3 == 000 && imm2 == 00 && stypetype == 11))

ADC<c>.W {<Rd>,} <Rn>, <Rm> // (Inside IT block, and <Rd>, <Rn>, <Rm> can be represented in T1)

ADC{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

ADCS, rotate right with extend (S == 1 && imm3 == 000 && imm2 == 00 && stypetype == 11)

ADCS{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX

ADCS, shift or rotate by value (S == 1 && !(imm3 == 000 && imm2 == 00 && stypetype == 11))

ADCS.W {<Rd>,} <Rn>, <Rm> // (Outside IT block, and <Rd>, <Rn>, <Rm> can be represented in T1)

ADCS{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

d = UInt(Rd); n = UInt(Rn); m = UInt(Rm); setflags = (S == "'1");
(shift t, shift n) = DecodeImmShift (stype, imm3:imm2) ;
; 3.3 o).
if d == 15 || n == 15 || m == 15 then UNPREDICTABLE; // Armv8-A removes UNPREDICTABLE for R13

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

Assembler Symbols

<c>
<q>
<Rdn>
<Rd>

<Rn>

<Rm>

<shift>

<amount>

See Standard assembler syntax fields.
See Standard assembler syntax fields.
Is the first general-purpose source register and the destination register, encoded in the "Rdn" field.

For encoding A1: is the general-purpose destination register, encoded in the "Rd" field. If omitted, this register is the same as
<Rn>. Arm deprecates using the PC as the destination register, but if the PC is used:

* For the ADC variant, the instruction is a branch to the address calculated by the operation. This is an interworking
branch, see Pseudocode description of operations on the AArch32 general-purpose registers and the PC.
* For the ADCS variant, the instruction performs an exception return, that restores PSTATE from SPSR_<current_mode>.

For encoding T2: is the general-purpose destination register, encoded in the "Rd" field. If omitted, this register is the same as
<Rn>.

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

For encoding T2: is the first general-purpose source register, encoded in the "Rn" field.

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

For encoding T1 and T2: is the second general-purpose source register, encoded in the "Rm" field.
Is the type of shift to be applied to the second source register, encoded in “stypetype”:
stypetype <shift>

00 LSL
01 LSR
10 ASR
11 ROR

For encoding Al: is the shift amount, in the range 1 to 31 (when <shift>=LSL or ROR) or 1 to 32 (when <shift>=LSR or ASR)
encoded in the "imm5" field as <amount> modulo 32.

For encoding T2: is the shift amount, in the range 1 to 31 (when <shift>= LSL or ROR) or 1 to 32 (when <shift>= LSR or ASR),
encoded in the "imm3:imm?2" field as <amount> modulo 32.
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In T32 assembly:
* Outside an IT block, if ADCS <Rd>, <Rn>, <Rd> has <Rd> and <Rn> both in the range R0-R7, it is assembled using encoding T1 as
though ADCS <Rd>, <Rn> had been written.
+ Inside an IT block, if ADC<c> <Rd>, <Rn>, <Rd> has <Rd> and <Rn> both in the range R0-R7, it is assembled using encoding T1 as
though ADC<c> <Rd>, <Rn> had been written.

To prevent either of these happening, use the .W qualifier.

Operation

if ConditionPassed () then
EncodingSpecificOperations () ;
shifted = Sshift (R[m], shift t, shift n, PSTATE.C);
(result, nzcv) = AddWithCarry(R[n], shifted, PSTATE.C);
if d == 15 then // Can only occur for A32 encoding
if setflags then
ALUExceptionReturn (result) ;
else
ALUWritePC (result) ;

else
R[d] = result;
if setflags then
PSTATE.<N, Z,C,V> = nzcv;

Operational information

If CPSR.DIT is 1 and this instruction 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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ADC, ADCS (register-shifted register)

Add with Carry (register-shifted register) adds a register value, the Carry flag value, and a register-shifted register value. It writes the result to the
destination register, and can optionally update the condition flags based on the result.

A1

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
[ =111 [o 0 0 0[1 0 1][S] Rn | Rd | Rs | 0 [stypetypd] 1 | Rm |
cond

Flag setting (S == 1)

ADCS{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, <shift><Eype> <Rs>

Not flag setting (S == 0)

ADC{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, <shift><type> <Rs>

d = UInt (Rd); n = UInt(Rn); m
setflags = (S == "

-(-E}‘Pe-)—;

if d == 15 || n == 15 || m == 15 || s == 15 then UNPREDICTABLE;

UInt (Rm) ; s = UInt (Rs);
1'); shift t = DecodeRegShift (stype):;

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

Assembler Symbols

<c> See Standard assembler syntax fields.

<g> 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.

<shifttype> Is the type of shift to be applied to the second source register, encoded in “stypetype’:
stypetype _ <shifttype>

00 LSL
01 LSR
10 ASR
11 ROR
<Rs> Is the third general-purpose source register holding a shift amount in its bottom 8 bits, encoded in the "Rs" field.

Operation

if ConditionPassed() then
EncodingSpecificOperations () ;
shift n = UInt(R[s]<7:0>);
shifted = Shift (R[m], shift t, shift n, PSTATE.C);
(result, nzcv) = AddWithCarry(R[n], shifted, PSTATE.C);
R[d] = result;
if setflags then
PSTATE.<N, Z,C,V> = nzcv;

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:
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» 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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ADDS (register)

register) adds a register value and an optionally-shifted register value, and writes the result to the destination register.
destination register is not the PC, the ADDS variant of the instruction updates the condition flags based on the result.

The field descriptions for <Rd> identify the encodings where the PC is permitted as the destination register. If the destination register is the PC:

The ADD variant of the instruction is an interworking branch, see Pseudocode description of operations on the AArch32 general-purpose
registers and the PC.
The ADDS variant of the instruction performs an exception return without the use of the stack. Arm deprecates use of this instruction.
However, in this case:

o The PE branches to the address written to the PC, and restores PSTATE from SPSR_<current mode>.

o The PE checks SPSR_<current mode> for an illegal return event. See lllegal return events from AArch32 state.

o The instruction is UNDEFINED in Hyp mode.

o The instruction is CONSTRAINED UNPREDICTABLE in User mode and System mode.

It has encodings from the following instruction sets: A32 (Al )and T32 (T1,T2and T3).
A1
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
| =111 [0 0 0 O0[1 0 OS] !'=1101 | Rd | imm5 Istypetype| 0 | Rm |

cond Rn

ADD, rotate right with extend (S == 0 && imm5 == 00000 && stypetype == 11)

ADD{

ADD, s

ADD{

ADDS,

ADDS

ADDS,

<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX

hift or rotate by value (S == 0 && !(imm5 == 00000 && stypetype == 11))

<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

rotate right with extend (S == 1 && imm5 == 00000 && stypetype == 11)

{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX

shift or rotate by value (S == 1 && !(imm5 == 00000 && stypetype == 11))

ADDS{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

if Rn == '1101' then SEE "ADD (SP plus register)";

d = UInt(Rd); n = UInt(Rn); m = UInt(Rm); setflags = (S == "'1");
(shift t, shift n) = DecodeImmShift (stype, imm5) ;{Eype; FmmoS);

T
%5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
0o o 011 0]/0o] Rm | Rn | Rd |
T1
ADD<c>{<g>} <Rd>, <Rn>, <Rm> // (Inside IT block)
ADDS{<g>} {<Rd>,} <Rn>, <Rm> // (Outside IT block)
d = UInt (Rd); n = UInt(Rn); m = UInt(Rm); setflags = !InITBlock();
(shift t, shift n) = (SRType LSL, 0);
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T2

%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[01 0 00 1/0 0[DN] !1=1101 | Rdn |
Rm

T2 (/(DN == 1 && Rdn == 101))

ADD<c>{<g>} <Rdn>, <Rm> // (Preferred syntax, Inside IT block)

ADD{<c>}{<g>} {<Rdn>,} <Rdn>, <Rm>

if (DN:Rdn) == '1101' || Rm == '1101' then SEE "ADD (SP plus register)";
d = UInt (DN:Rdn); n = d; m = UInt(Rm); setflags = FALSE; (shift t, shift n) = (SRType LSL, 0);
if n == 15 && m == 15 then UNPREDICTABLE;
if d == 15 && InITBlock() && !LastInITBlock() then UNPREDICTABLE;
T3
%5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[1 11010 1[1 0 0 0[S] =101 [©)] imm3 | Rd [ imm?2 |stypetype] Rm |

Rn
ADD, rotate right with extend (S == 0 && imm3 == 000 && imm2 == 00 && stypetype == 11)
ADD{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX
ADD, shift or rotate by value (S == 0 && !(imm3 == 000 && imm2 == 00 && stypetype == 11))

ADD<c>.W {<Rd>,} <Rn>, <Rm> // (Inside IT block, and <Rd>, <Rn>, <Rm> can be represented in T1)
ADD{<c>}.W {<Rd>,} <Rn>, <Rm> // (<Rd> == <Rn>, and <Rd>, <Rn>, <Rm> can be represented in T2)

ADD{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

ADDS, rotate right with extend (S == 1 && imm3 == 000 && Rd != 1111 && imm2 == 00 && stypetype == 11)
ADDS{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX

ADDS, shift or rotate by value (S == 1 && !(imm3 == 000 && imm2 == 00 && stypefype == 11) && Rd != 1111)

ADDS.W {<Rd>,} <Rn>, <Rm> // (Outside IT block, and <Rd>, <Rn>, <Rm> can be represented in Tl or T2)

ADDS{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}
if Rd == '1111"' && S == '1' then SEE "CMN (register)";
if Rn == '1101' then SEE "ADD (SP plus register)";
d = UInt(Rd); n = UInt(Rn); m = UInt (Rm); setflags = (S == '1");
(shift t, shift n) = DecodeImmShift (stype, imm3:imm2) ;
3 )
if (d == 15 && !setflags) || n == 15 || m == 15 then UNPREDICTABLE;

// Armv8-A removes UNPREDICTABLE for R13

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

Assembler Symbols

<c> See Standard assembler syntax fields.

<q> See Standard assembler syntax fields.
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<Rdn> Is the general-purpose source and destination register, encoded in the "DN:Rdn" field. If the PC is used, the instruction is a branch
to the address calculated by the operation. This is a simple branch, see Pseudocode description of operations on the AArch32
general-purpose registers and the PC.

The assembler language allows <Rdn> to be specified once or twice in the assembler syntax. When used inside an IT block, and
<Rdn> and <Rm> are in the range RO to R7, <Rdn> must be specified once so that encoding T2 is preferred to encoding T1. In all
other cases there is no difference in behavior when <Rdn> is specified once or twice.

<Rd> For encoding A1l: is the general-purpose destination register, encoded in the "Rd" field. If omitted, this register is the same as
<Rn>. If the PC is used:

» For the ADD variant, the instruction is a branch to the address calculated by the operation. This is an interworking
branch, see Pseudocode description of operations on the AArch32 general-purpose registers and the PC.
» For the ADDS variant, the instruction performs an exception return, that restores PSTATE from
SPSR_<current mode>. Arm deprecates use of this instruction.
For encoding T1: is the general-purpose destination register, encoded in the "Rd" field.
When used inside an IT block, <Rd> must be specified. When used outside an IT block, <Rd> is optional, and:
» If omitted, this register is the same as <Rn>.
« If present, encoding T1 is preferred to encoding T2.

For encoding T3: is the general-purpose destination register, encoded in the "Rd" field. If omitted, this register is the same as
<Rn>.

<Rn> For encoding A1: is the first general-purpose source register, encoded in the "Rn" field. The PC can be used. If the SP is used, see
ADD (SP plus register).

For encoding T1: is the first general-purpose source register, encoded in the "Rn" field.

For encoding T3: is the first general-purpose source register, encoded in the "Rn" field. If the SP is used, see ADD (SP plus
register).

<Rm> For encoding A1: is the second general-purpose source register, encoded in the "Rm" field. The PC can be used, but this is
deprecated.

For encoding T1 and T3: is the second general-purpose source register, encoded in the "Rm" field.

For encoding T2: is the second general-purpose source register, encoded in the "Rm" field. The PC can be used.

<shift> Is the type of shift to be applied to the second source register, encoded in “stypetype”:
stypetype <shift>
00 LSL
01 LSR
10 ASR
11 ROR
<amount> For encoding Al: is the shift amount, in the range 1 to 31 (when <shift>=LSL or ROR) or 1 to 32 (when <shift>=LSR or ASR)

encoded in the "imm5" field as <amount> modulo 32.

For encoding T3: is the shift amount, in the range 1 to 31 (when <shift>= LSL or ROR) or 1 to 32 (when <shift> = LSR or ASR),
encoded in the "imm3:imm?2" field as <amount> modulo 32.

Inside an IT block, if ADD<c> <Rd>, <Rn>, <Rd> cannot be assembled using encoding T1, it is assembled using encoding T2 as though ADD<c>
<Rd>, <Rn> had been written. To prevent this happening, use the .W qualifier.

Operation

if ConditionPassed() then
EncodingSpecificOperations() ;
shifted = Shift(R[m], shift t, shift n, PSTATE.C);
(result, nzcv) = AddWithCarry(R[n], shifted, '0');
if d == 15 then
if setflags then
ALUExceptionReturn (result) ;
else
ALUWritePC (result) ;

else
R[d] = result;
if setflags then
PSTATE.<N, Z,C,V> = nzcv;

Operational information

If CPSR.DIT is 1 and this instruction does not use R15 as either its source or destination:
* The execution time of this instruction is independent of:
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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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ADD, ADDS (register-shifted register)

Add (register-shifted register) adds a register value and a register-shifted register value. It writes the result to the destination register, and can optionally
update the condition flags based on the result.

A1

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
[ =111 [o 0 0 0[1 0 0[S] Rn | Rd | Rs | 0 [stypetypd] 1 | Rm |
cond

Flag setting (S == 1)

ADDS{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, <shift><Eype> <Rs>

Not flag setting (S == 0)

ADD{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, <shift><type> <Rs>

d = UInt (Rd); n = UInt(Rn); m UInt (Rm) ; s = UInt (Rs);
setflags = (S == '1"); shift t = DecodeRegShift (stype):;
'(-t—YPe')—;

if d == 15 || n == 15 || m == 15 || s == 15 then UNPREDICTABLE;

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

Assembler Symbols

<c> See Standard assembler syntax fields.

<g> 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.

<shifttype> Is the type of shift to be applied to the second source register, encoded in “stypetype’:
stypetype _ <shifttype>

00 LSL
01 LSR
10 ASR
11 ROR
<Rs> Is the third general-purpose source register holding a shift amount in its bottom 8 bits, encoded in the "Rs" field.

Operation

if ConditionPassed() then
EncodingSpecificOperations () ;
shift n = UInt(R[s]<7:0>);
shifted = Shift (R[m], shift t, shift n, PSTATE.C);
(result, nzcv) = AddWithCarry(R[n], shifted, '0'");
R[d] = result;
if setflags then

PSTATE.<N, Z,C,V> = nzcv;

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:
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» 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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ADD, ADDS (SP plus register)

Add to SP (register) adds an optionally-shifted register value to the SP value, and writes the result to the destination register.
If the destination register is not the PC, the ADDS variant of the instruction updates the condition flags based on the result.

The field descriptions for <Rd> identify the encodings where the PC is permitted as the destination register. ArmARM deprecates any use of these

encodings. However, when the destination register is the PC:

* The ADD variant of the instruction is an interworking branch, see Pseudocode description of operations on the AArch32 general-purpose

registers and the PC.
* The ADDS variant of the instruction performs an exception return without the use of the stack. In this case:
o The PE branches to the address written to the PC, and restores PSTATE from SPSR_<current mode>.
o The PE checks SPSR_<current mode> for an illegal return event. See lllegal return events from AArch32 state.
o The instruction is UNDEFINED in Hyp mode.
o The instruction is CONSTRAINED UNPREDICTABLE in User mode and System mode.

It has encodings from the following instruction sets: A32 (Al )and T32 (T1,T2and T3).
A1

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 2 1

6 5 4 3
| !=1111_|o 0 0 0[1 0 O0[S|[1 1 0 1] Rd | imm5 stypetype| 0| Rm

cond

ADD, rotate right with extend (S == 0 && imm5 == 00000 && stypetype == 11)
ADD{<c>}{<g>} {<Rd>,} SP, <Rm> , RRX

ADD, shift or rotate by value (S == 0 && !(imm5 == 00000 && stypetype == 11))
ADD{<c>}{<g>} {<Rd>,} SP, <Rm> {, <shift> #<amount>}

ADDS, rotate right with extend (S == 1 && imm5 == 00000 && stypetype == 11)
ADDS {<c>}{<g>} {<Rd>,} SP, <Rm> , RRX

ADDS, shift or rotate by value (S == 1 && !(imm5 == 00000 && stypefype == 11))

ADDS{<c>}{<g>} {<Rd>,} SP, <Rm> {, <shift> #<amount>}

d = UInt(Rd); m = UInt(Rm); setflags = (S == '1");
(shift t, shift n) = DecodeImmShift (stype, imm5) ;{Eype; FmmoS);

T1
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
|01 0 00 1]/0o opM1 1 0 1] Rdm |

T1

ADD{<c>}{<g>} {<Rdm>,} SP, <Rdm>

d = UInt (DM:Rdm); m = UInt(DM:Rdm); setflags = FALSE;
(shift t, shift n) = (SRType LSL, 0);
if d == 15 && InITBlock () && !LastInITBlock() then UNPREDICTABLE;
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T2

%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[01 0 00 1[0 of[1] 1=1101 [1 0 1]
Rm
T2
ADD{<c>}{<g>} {SP,} SP, <Rm>
if Rm == '1101' then SEE "encoding T1";
d = 13; m = UInt(Rm); setflags = FALSE;
(shift t, shift n) = (SRType LSL, 0);
T3
%5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[1 11010 1[1 0 0 0[S][1 1 0 1[0 imm3 | Rd [ imm?2 |stypetype] Rm |
ADD, rotate right with extend (S == 0 && imm3 == 000 && imm2 == 00 && stypetype == 11)
ADD{<c>}{<g>} {<Rd>,} SP, <Rm>, RRX
ADD, shift or rotate by value (S == 0 && !(imm3 == 000 && imm2 == 00 && stypetype == 11))
ADD{<c>}.W {<Rd>,} SP, <Rm> // (<Rd>, <Rm> can be represented in Tl or T2)
ADD{<c>}{<g>} {<Rd>,} SP, <Rm> {, <shift> #<amount>}
ADDS, rotate right with extend (S == 1 && imm3 == 000 && Rd != 1111 && imm2 == 00 && stypetype == 11)
ADDS{<c>} {<g>} {<Rd>,} SP, <Rm>, RRX
ADDS, shift or rotate by value (S == 1 && !(imm3 == 000 && imm2 == 00 && stypefype == 11) && Rd != 1111)
ADDS{<c>}{<g>} {<Rd>,} SP, <Rm> {, <shift> #<amount>}
if Rd == '1111"' && S == '1' then SEE "CMN (register)";
d = UInt(Rd); m = UlInt(Rm); setflags = (S == '1");
(shift t, shift n) = DecodeImmShift (stype, imm3:imm2) ;
o3 s a2 )
if (d == 15 && !setflags) || m == 15 then UNPREDICTABLE; // Armv8-A removes UNPREDICTABLE for R13

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

Assembler Symbols

<c> See Standard assembler syntax fields.

<q> See Standard assembler syntax fields.

SP, Is the stack pointer.

<Rdm> Is the general-purpose destination and second source register, encoded in the "Rdm" field. If omitted, this register is the SP. Arm

deprecates using the PC as the destination register, but if the PC is used, the instruction is a branch to the address calculated by the
operation. This is a simple branch, see Pseudocode description of operations on the AArch32 general-purpose registers and the
PC.

<Rd> For encoding A1: is the general-purpose destination register, encoded in the "Rd" field. If omitted, this register is the SP. Arm
deprecates using the PC as the destination register, but if the PC is used:
* For the ADD variant, the instruction is a branch to the address calculated by the operation. This is an interworking
branch, see Pseudocode description of operations on the AArch32 general-purpose registers and the PC.
* For the ADDS variant, the instruction performs an exception return, that restores PSTATE from
SPSR_<current_mode>.
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For encoding T3: is the general-purpose destination register, encoded in the "Rd" field. If omitted, this register is the SP.

<Rm> For encoding A1 and T2: is the second general-purpose source register, encoded in the "Rm" field. The PC can be used, but this is
deprecated.

For encoding T3: is the second general-purpose source register, encoded in the "Rm" field.

<shift> Is the type of shift to be applied to the second source register, encoded in “stypetype”:
stypetype <shift>
00 LSL
01 LSR
10 ASR
11 ROR
<amount> For encoding Al: is the shift amount, in the range 1 to 31 (when <shift> = LSL or ROR) or 1 to 32 (when <shift>= LSR or ASR)

encoded in the "imm5" field as <amount> modulo 32.

For encoding T3: is the shift amount, in the range 1 to 31 (when <shift>= LSL or ROR) or 1 to 32 (when <shift>=LSR or ASR),
encoded in the "imm3:imm2" field as <amount> modulo 32.

Operation

if ConditionPassed() then
EncodingSpecificOperations() ;
shifted = Shift (R[m], shift t, shift n, PSTATE.C);
(result, nzcv) = AddWithCarry(SP, shifted, '0');
if d == 15 then
if setflags then
ALUExceptionReturn (result) ;
else
ALUWritePC (result) ;

else
R[d] = result;
if setflags then
PSTATE.<N, Z,C,V> = nzcv;
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AND, ANDS (register)

Bitwise AND (register) performs a bitwise AND of a register value and an optionally-shifted register value, and writes the result to the destination
register.
If the destination register is not the PC, the ANDS variant of the instruction updates the condition flags based on the result.
The field descriptions for <Rd> identify the encodings where the PC is permitted as the destination register. ArmARM deprecates any use of these
encodings. However, when the destination register is the PC:
* The AND variant of the instruction is an interworking branch, see Pseudocode description of operations on the AArch32 general-purpose
registers and the PC.
* The ANDS variant of the instruction performs an exception return without the use of the stack. In this case:
o The PE branches to the address written to the PC, and restores PSTATE from SPSR_<current mode>.
o The PE checks SPSR_<current mode> for an illegal return event. See lllegal return events from AArch32 state.
o The instruction is UNDEFINED in Hyp mode.
o The instruction is CONSTRAINED UNPREDICTABLE in User mode and System mode.

It has encodings from the following instruction sets: A32 (Al )and T32 (Tl and T2).
A1
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 2 1 0

6 5 4 3
| !=1111_ |0 0 0 0[]0 O 0S| Rn | Rd | imm5 stypetype| 0| Rm |
cond

AND, rotate right with extend (S == 0 && imm5 == 00000 && stypetype == 11)

AND{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX

AND, shift or rotate by value (S == 0 && !(imm5 == 00000 && stypetype == 11))

AND{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

ANDS, rotate right with extend (S == 1 && imm5 == 00000 && stypetype == 11)

ANDS{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX

ANDS, shift or rotate by value (S == 1 && !(imm5 == 00000 && stypetype == 11))

ANDS {<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

d = UInt(Rd); n = UInt(Rn); m = UInt(Rm); setflags = (S == "'1");
(shift t, shift n) = DecodeImmShift (stype, imm5) ;{Eype; FmmoS);

T1
%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
01 0 00 0[0 0 0 O] Rm | Rdn |
™

AND<c>{<g>} {<Rdn>,} <Rdn>, <Rm> // (Inside IT block)

ANDS{<g>} {<Rdn>,} <Rdn>, <Rm> // (Outside IT block)

d = UInt (Rdn); n = UInt (Rdn); m = UInt (Rm); setflags = !InITBlock();
(shift t, shift n) = (SRType LSL, 0);

T2
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15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3
/1711010 1[0 00 0]S] Rn [(0)] imm3 | Rd | imm2 [stypetype) Rm |

AND, rotate right with extend (S == 0 && imm3 == 000 && imm2 == 00 && stypetype == 11)
AND{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX
AND, shift or rotate by value (S == 0 && !(imm3 == 000 && imm2 == 00 && stypetype == 11))

AND<c>.W {<Rd>,} <Rn>, <Rm> // (Inside IT block, and <Rd>, <Rn>, <Rm> can be represented in T1)

AND{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

ANDS, rotate right with extend (S == 1 && imm3 == 000 && Rd != 1111 && imm2 == 00 && stypetype == 11)
ANDS{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX

ANDS, shift or rotate by value (S == 1 && !(imm3 == 000 && imm2 == 00 && stypefype == 11) && Rd != 1111)

ANDS.W {<Rd>,} <Rn>, <Rm> // (Outside IT block, and <Rd>, <Rn>, <Rm> can be represented in T1)

ANDS {<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

if Rd == '1111"' && S == '1' then SEE "TST (register)";
d = UInt(Rd); n = UInt(Rn); m = UInt(Rm); setflags = (S == "'1");
(shift t, shift n) = DecodeImmShift (stype, imm3:imm2) ;
3 o,
if (d == 15 && !setflags) || n == 15 || m == 15 then UNPREDICTABLE;

// Armv8-A removes UNPREDICTABLE for R13

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

Assembler Symbols

<c> See Standard assembler syntax fields.

<g> See Standard assembler syntax fields.

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

<Rd> For encoding A1: is the general-purpose destination register, encoded in the "Rd" field. If omitted, this register is the same as

<Rn>. Arm deprecates using the PC as the destination register, but if the PC is used:

* For the AND variant, the instruction is a branch to the address calculated by the operation. This is an interworking
branch, see Pseudocode description of operations on the AArch32 general-purpose registers and the PC.

* For the ANDS variant, the instruction performs an exception return, that restores PSTATE from
SPSR_<current_mode>.

For encoding T2: is the general-purpose destination register, encoded in the "Rd" field. If omitted, this register is the same as
<Rn>.

<Rn> For encoding Al: is the first general-purpose source register, encoded in the "Rn" field. The PC can be used, but this is
deprecated.

For encoding T2: is the first general-purpose source register, encoded in the "Rn" field.

<Rm> For encoding Al: is the second general-purpose source register, encoded in the "Rm" field. The PC can be used, but this is
deprecated.

For encoding T1 and T2: is the second general-purpose source register, encoded in the "Rm" field.

<shift> Is the type of shift to be applied to the second source register, encoded in “stypetype”:
stypetype <shift>
00 LSL
01 LSR
10 ASR
11 ROR
<amount> For encoding Al: is the shift amount, in the range 1 to 31 (when <shift>=LSL or ROR) or 1 to 32 (when <shift> = LSR or ASR)

encoded in the "imm5" field as <amount> modulo 32.
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For encoding T2: is the shift amount, in the range 1 to 31 (when <shift>= LSL or ROR) or 1 to 32 (when <shift> = LSR or ASR),
encoded in the "imm3:imm?2" field as <amount> modulo 32.

In T32 assembly:
* Outside an IT block, if ANDS <Rd>, <Rn>, <Rd> has <Rd> and <Rn> both in the range R0-R7, it is assembled using encoding T1 as
though ANDS <Rd>, <Rn> had been written.
 Inside an IT block, if AND<c> <Rd>, <Rn>, <Rd> has <Rd> and <Rn> both in the range R0O-R7, it is assembled using encoding T1 as
though AND<c> <Rd>, <Rn> had been written.
To prevent either of these happening, use the .W qualifier.

Operation

if ConditionPassed() then
EncodingSpecificOperations() ;

(shifted, carry) = Shift C(R[m], shift t, shift n, PSTATE.C);
result = R[n] AND shifted;
if d == 15 then // Can only occur for A32 encoding

if setflags then
ALUExceptionReturn (result) ;
else
ALUWritePC (result) ;

else
R[d] = result;
if setflags then
PSTATE.N result<31>;
PSTATE.Z IsZeroBit (result) ;
PSTATE.C = carry;
// PSTATE.V unchanged

Operational information

If CPSR.DIT is 1 and this instruction 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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AND, ANDS (register-shifted register)

Bitwise AND (register-shifted register) performs a bitwise AND of a register value and a register-shifted register value. It writes the result to the
destination register, and can optionally update the condition flags based on the result.

A1

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
[ =111 [0 0 0 0[0 0 OS] Rn | Rd | Rs | 0 [stypetypd] 1 | Rm |
cond

Flag setting (S == 1)

ANDS{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, <shift><Eype> <Rs>

Not flag setting (S == 0)

AND{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, <shift><type> <Rs>

d = UInt (Rd); n = UInt(Rn); m
setflags = (S == "

-(-t—ype->—;

if d == 15 || n == 15 || m == 15 || s == 15 then UNPREDICTABLE;

UInt (Rm) ; s = UInt (Rs);
1'); shift t = DecodeRegShift (stype):;

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

Assembler Symbols

<c> See Standard assembler syntax fields.

<g> 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.

<shifttype> Is the type of shift to be applied to the second source register, encoded in “stypetype’:
stypetype _ <shifttype>

00 LSL
01 LSR
10 ASR
11 ROR
<Rs> Is the third general-purpose source register holding a shift amount in its bottom 8 bits, encoded in the "Rs" field.

Operation

if ConditionPassed() then
EncodingSpecificOperations () ;
shift n = UInt(R[s]<7:0>);
(shifted, carry) = Shift C(R[m], shift t, shift n, PSTATE.C);
result = R[n] AND shifted;
R[d] = result;
if setflags then
PSTATE.N = result<31>;
PSTATE.Z = IsZeroBit (result);
PSTATE.C = carry;
// PSTATE.V unchanged
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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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BIC, BICS (register)

Bitwise Bit Clear (register) performs a bitwise AND of a register value and the complement of an optionally-shifted register value, and writes the result
to the destination register.

If the destination register is not the PC, the BICS variant of the instruction updates the condition flags based on the result.

The field descriptions for <Rd> identify the encodings where the PC is permitted as the destination register. ArmARM deprecates any use of these
encodings. However, when the destination register is the PC:

* The BIC variant of the instruction is an interworking branch, see Pseudocode description of operations on the AArch32 general-purpose
registers and the PC.
* The BICS variant of the instruction performs an exception return without the use of the stack. In this case:
o The PE branches to the address written to the PC, and restores PSTATE from SPSR_<current mode>.
o The PE checks SPSR_<current mode> for an illegal return event. See lllegal return events from AArch32 state.
o The instruction is UNDEFINED in Hyp mode.
o The instruction is CONSTRAINED UNPREDICTABLE in User mode and System mode.

It has encodings from the following instruction sets: A32 (Al )and T32 (Tl and T2).
A1
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 2 1 0

6 5 4 3
| =111 _|o 0 0 1 1|1 0S| Rn | Rd | imm5 stypetype| 0| Rm |
cond

BIC, rotate right with extend (S == 0 && imm5 == 00000 && stypetype == 11)

BIC{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX

BIC, shift or rotate by value (S == 0 && !(imm5 == 00000 && stypetype == 11))

BIC{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

BICS, rotate right with extend (S == 1 && imm5 == 00000 && stypetype == 11)

BICS{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX

BICS, shift or rotate by value (S == 1 && !(imm5 == 00000 && stypetype == 11))

BICS{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

d = UInt(Rd); n = UInt(Rn); m = UInt(Rm); setflags = (S == "'1");
(shift t, shift n) = DecodeImmShift (stype, imm5) ;{Eype; FmmoS);

T1
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
|01 0 00 0[1 11 0] Rm | Rdn |
T

BIC<c>{<g>} {<Rdn>,} <Rdn>, <Rm> // (Inside IT block)

BICS{<g>} {<Rdn>,} <Rdn>, <Rm> // (Outside IT block)

d = UInt (Rdn); n = UInt (Rdn); m = UInt (Rm); setflags = !InITBlock();
(shift t, shift n) = (SRType LSL, 0);

T2
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15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3
1711010 1[0 00 1]8] Rn [(0)] imm3 | Rd | imm2 [stypetype) Rm |

BIC, rotate right with extend (S == 0 && imm3 == 000 && imm2 == 00 && stypetype == 11)

BIC{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX

BIC, shift or rotate by value (S == 0 && !(imm3 == 000 && imm2 == 00 && stypetype == 11))

BIC<c>.W {<Rd>,} <Rn>, <Rm> // (Inside IT block, and <Rd>, <Rn>, <Rm> can be represented in T1)

BIC{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

BICS, rotate right with extend (S == 1 && imm3 == 000 && imm2 == 00 && stypetype == 11)

BICS{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX

BICS, shift or rotate by value (S == 1 && !(imm3 == 000 && imm2 == 00 && stypetype == 11))

BICS.W {<Rd>,} <Rn>, <Rm> // (Outside IT block, and <Rd>, <Rn>, <Rm> can be represented in T1)

BICS{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

d = UInt(Rd); n = UInt(Rn); m = UInt(Rm); setflags = (S == "'1");
(shift t, shift n) = DecodeImmShift (stype, imm3:imm2) ;
3 o,
if d == 15 || n == 15 || m == 15 then UNPREDICTABLE; // Armv8-A removes UNPREDICTABLE for R13

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

Assembler Symbols

<c> See Standard assembler syntax fields.

<g> See Standard assembler syntax fields.

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

<Rd> For encoding A1: is the general-purpose destination register, encoded in the "Rd" field. If omitted, this register is the same as

<Rn>. Arm deprecates using the PC as the destination register, but if the PC is used:

* For the BIC variant, the instruction is a branch to the address calculated by the operation. This is an interworking
branch, see Pseudocode description of operations on the AArch32 general-purpose registers and the PC.
* For the BICS variant, the instruction performs an exception return, that restores PSTATE from SPSR_<current_mode>.

For encoding T2: is the general-purpose destination register, encoded in the "Rd" field. If omitted, this register is the same as
<Rn>.

<Rn> For encoding Al: is the first general-purpose source register, encoded in the "Rn" field. The PC can be used, but this is
deprecated.

For encoding T2: is the first general-purpose source register, encoded in the "Rn" field.

<Rm> For encoding Al: is the second general-purpose source register, encoded in the "Rm" field. The PC can be used, but this is
deprecated.

For encoding T1 and T2: is the second general-purpose source register, encoded in the "Rm" field.

<shift> Is the type of shift to be applied to the second source register, encoded in “stypetype”:
stypetype <shift>
00 LSL
01 LSR
10 ASR
11 ROR
<amount> For encoding Al: is the shift amount, in the range 1 to 31 (when <shift> = LSL or ROR) or 1 to 32 (when <shift>=LSR or

ASR), encoded in the "immS5" field as <amount> modulo 32.

For encoding T2: is the shift amount, in the range 1 to 31 (when <shift>= LSL or ROR) or 1 to 32 (when <shift>= LSR or ASR),

encoded in the "imm3:imm?2" field as <amount> modulo 32.
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Operation

if ConditionPassed() then
EncodingSpecificOperations () ;

(shifted, carry) = Shift C(R[m], shift t, shift n, PSTATE.C);
result = R[n] AND NOT (shifted);
if d == 15 then // Can only occur for A32 encoding

if setflags then
ALUExceptionReturn (result) ;
else
ALUWritePC (result) ;

else
R[d] = result;
if setflags then
PSTATE.N = result<31>;
PSTATE.Z = IsZeroBit (result);
PSTATE.C = carry;
// PSTATE.V unchanged

Operational information

If CPSR.DIT is 1 and this instruction 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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BIC, BICS (register-shifted register)

Bitwise Bit Clear (register-shifted register) performs a bitwise AND of a register value and the complement of a register-shifted register value. It writes
the result to the destination register, and can optionally update the condition flags based on the result.

A1

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
[ =111 [o 0 0 1 1[1 0o[S] Rn | Rd | Rs | 0 [stypetypd] 1 | Rm |
cond

Flag setting (S == 1)

BICS{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, <shift><Eype> <Rs>

Not flag setting (S == 0)

BIC{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, <shift><type> <Rs>

d = UInt (Rd); n = UInt(Rn); m UInt (Rm) ; s = UInt (Rs);
setflags = (S == '1"); shift t = DecodeRegShift (stype):;
'(-t—YPe%—;

if d == 15 || n == 15 || m == 15 || s == 15 then UNPREDICTABLE;

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

Assembler Symbols

<c> See Standard assembler syntax fields.

<g> 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.

<shifttype> Is the type of shift to be applied to the second source register, encoded in “stypetype’:
stypetype _ <shifttype>

00 LSL
01 LSR
10 ASR
11 ROR
<Rs> Is the general-purpose source register holding a shift amount in its bottom 8 bits, encoded in the "Rs" field.

Operation

if ConditionPassed() then
EncodingSpecificOperations () ;
shift n = UInt(R[s]<7:0>);
(shifted, carry) = Shift C(R[m], shift t, shift n, PSTATE.C);
result = R[n] AND NOT (shifted);
R[d] = result;
if setflags then
PSTATE.N = result<31>;
PSTATE.Z = IsZeroBit (result);
PSTATE.C = carry;
// PSTATE.V unchanged
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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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CMN (register)

Compare Negative (register) adds a register value and an optionally-shifted register value. It updates the condition flags based on the result, and
discards the result.

It has encodings from the following instruction sets: A32 (Al )and T32 (Tl and T2).
A1
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 2 1.0

7 6 5 4 3
[ =111 [o 0 0 1 o1 1][1] Rn [(0)[(0)](0)](0)] imm5 stypetype] 0 | Rm |
cond

Rotate right with extend (imm5 == 00000 && stypetype == 11)

CMN{<c>}{<g>} <Rn>, <Rm>, RRX

Shift or rotate by value (!(imm5 == 00000 && stypetype == 11))

CMN{<c>}{<g>} <Rn>, <Rm> {, <shift> #<amount>}

n = UInt(Rn); m = UInt(Rm);

(shift t, shift n) = DecodeImmShift (stype, imm5) ;{Eype; FmmsS);
T

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

01 00 00101 1] Rm | Rn |

T

CMN{<c>}{<g>} <Rn>, <Rm>

n = UInt(Rn); m = UInt(Rm);
(shift t, shift n) = (SRType LSL, 0);

T2

15 14 13 12 11 10 9 8
1

4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
1110 1 0 1] 1

7 6 5
0 0 0[1] Rn [(0) imm3 [1 1 1 1 [imm2 [stypetype] Rm |

Rotate right with extend (imm3 == 000 && imm2 == 00 && stypetype == 11)

CMN{<c>}{<g>} <Rn>, <Rm>, RRX

Shift or rotate by value (!(imm3 == 000 && imm2 == 00 && stypefype == 11))

CMN{<c>}.W <Rn>, <Rm> // (<Rn>, <Rm> can be represented in T1)
CMN{<c>}{<g>} <Rn>, <Rm> {, <shift> #<amount>}

n = UInt(Rn); m = UInt(Rm);

(shift t, shift n) = DecodeImmShift (stype, imm3:imm2) ;
3 o,
if n == 15 || m == 15 then UNPREDICTABLE; // Armv8-A removes UNPREDICTABLE for R13

For more information about the CONSTRAINED UNPREDICTABLE behavior, see Architectural Constraints on UNPREDICTABLE behaviors.
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Assembler Symbols

<c> See Standard assembler syntax fields.

<q> See Standard assembler syntax fields.

<Rn> For encoding A1: is the first general-purpose source register, encoded in the "Rn" field. The PC can be used, but this is
deprecated.

For encoding T1 and T2: is the first general-purpose source register, encoded in the "Rn" field.

<Rm> For encoding Al: is the second general-purpose source register, encoded in the "Rm" field. The PC can be used, but this is
deprecated.

For encoding T1 and T2: is the second general-purpose source register, encoded in the "Rm" field.

<shift> Is the type of shift to be applied to the second source register, encoded in “stypetype”:
stypetype <shift>
00 LSL
01 LSR
10 ASR
11 ROR
<amount> For encoding Al: is the shift amount, in the range 1 to 31 (when <shift>= LSL or ROR) or 1 to 32 (when <shift>= LSR or ASR)

encoded in the "imm5" field as <amount> modulo 32.

For encoding T2: is the shift amount, in the range 1 to 31 (when <shift>= LSL or ROR) or 1 to 32 (when <shift>= LSR or ASR),
encoded in the "imm3:imm?2" field as <amount> modulo 32.

Operation

if ConditionPassed() then
EncodingSpecificOperations () ;
shifted = Sshift (R[m], shift t, shift n, PSTATE.C);
(result, nzcv) = AddWithCarry(R[n], shifted, '0');
PSTATE.<N, Z,C,V> = nzcv;

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.

Internal version only: isa v00_96¥08-88, pseudocode r8p5_00bet2 rc5v85—xml-00bet9—+el1 ; Build timestamp: 2019-03-28T072048-12-12F12:5933

Copyright © 2010-20192040-2648 Arm Limited or its affiliates. All rights reserved. This document is Non-Confidential.

(old) htmldiff from- (new)

CMN (register) Page 36


ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.ConditionPassed.0
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.Shift.4
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.R.read.1
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-shared.AddWithCarry.3
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.R.read.1

(old) htmldiff from- (new)

CMN (register-shifted register)

Compare Negative (register-shifted register) adds a register value and a register-shifted register value. It updates the condition flags based on the result,
and discards the result.

A1

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
[ =111 [o 0 0 1 o1 1][1] Rn [(0)[(0)](0)](0)] Rs | 0 [stypetypd] 1 | Rm |
cond

A1

CMN{<c>}{<g>} <Rn>, <Rm>, <type> <Rs>

n = UInt(Rn); m = UInt(Rm); s = UInt(Rs);

shift t = DecodeRegShift (stype):;

feyper+

if n == 15 || m == 15 || s == 15 then UNPREDICTABLE;

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

Assembler Symbols

<c> See Standard assembler syntax fields.
<q> See Standard assembler syntax fields.
<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.
<type> Is the type of shift to be applied to the second source register, encoded in “stypetype’:
stypetype <type>
00 LSL
01 LSR
10 ASR
11 ROR
<Rs> Is the third general-purpose source register holding a shift amount in its bottom 8 bits, encoded in the "Rs" field.
Operation

if ConditionPassed () then
EncodingSpecificOperations() ;
Shift_n = UInt (R[s]<7:0>);
shifted = Shift (R[m], shift t, shift n, PSTATE.C);
(result, nzcv) = AddWithCarry(R[n], shifted, '0');
PSTATE.<N,Zz,C,V> = nzcv;

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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CMP (register)

Compare (register) subtracts an optionally-shifted register value from a register value. It updates the condition flags based on the result, and discards

the result.

It has encodings from the following instruction sets: A32 (Al )and T32 (T1,T2and T3).

A1

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

[ =111 [o 0 0 1 01 o[1] Rn [(0)](0)](0)](0)]

7 6 5 4 3
[stypetype] 0 |

cond
Rotate right with extend (imm5 == 00000 && stypetype == 11)
CMP{<c>} {<g>} <Rn>, <Rm>, RRX
Shift or rotate by value (!(imm5 == 00000 && stypetype == 11))

CMP{<c>}{<g>} <Rn>, <Rm> {, <shift> #<amount>}

n = UInt(Rn); m = UInt(Rm);

(shift t, shift n) = DecodeImmShift (stype, imm5) ;{Eype; FmmsS);
T

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

001 000 0[1 0 10| Rm | Rn |

T

CMP{<c>}{<g>} <Rn>, <Rm> // (<Rn> and <Rm> both from RO-R7)

n = UInt(Rn); m = UInt(Rm);
(

shift t, shift n) = (SRType LSL, 0);

T2

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
01 0 0 0 1/0 1[N] Rm | Rn |
T2

CMP{<c>}{<g>} <Rn>, <Rm> // (<Rn> and <Rm> not both from R0-R7)
n = UInt(N:Rn); m = UInt (Rm);
(shift t, shift n) = (SRType LSL, 0);

if n < 8 && m < 8 then UNPREDICTABLE;
if n == 15 || m == 15 then UNPREDICTABLE;

CONSTRAINED UNPREDICTABLE behavior

Ifn < 8 && m < 8, then one of the following behaviors must occur:

* The instruction is UNDEFINED.
 The instruction executes as NOP.

» The instruction executes as described, with no change to its behavior and no additional side effects.

» The condition flags become UNKNOWN.

CMP (register)
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T3

15 14 13 12 11 10 9 8 7
1

6 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[1 11010 1[1 10 1

| Rn [(@] imm3 [1 1 1 1 [imm2 [stypetype| Rm |

Rotate right with extend (imm3 == 000 && imm2 == 00 && stypetype == 11)

CMP{<c>}{<g>} <Rn>, <Rm>, RRX

Shift or rotate by value (!(imm3 == 000 && imm2 == 00 && stypetype == 11))

CMP{<c>}.W <Rn>, <Rm> // (<Rn>, <Rm> can be represented in Tl or T2)

CMP{<c>}{<g>} <Rn>, <Rm>, <shift> #<amount>

n = UInt(Rn); m = UInt(Rm);
(

shift t, shift n) = DecodeImmShift (stype, imm3:imm2) ;
if n == 15 || == 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.

<g> See Standard assembler syntax fields.

<Rn> For encoding Al: is the first general-purpose source register, encoded in the "Rn" field. The PC can be used, but this is
deprecated.

For encoding T1 and T3: is the first general-purpose source register, encoded in the "Rn" field.
For encoding T2: is the first general-purpose source register, encoded in the "N:Rn" field.

<Rm> For encoding Al: is the second general-purpose source register, encoded in the "Rm" field. The PC can be used, but this is
deprecated.

For encoding T1, T2 and T3: is the second general-purpose source register, encoded in the "Rm" field.

<shift> Is the type of shift to be applied to the second source register, encoded in “stypetype’:
stypetype <shift>
00 LSL
01 LSR
10 ASR
11 ROR
<amount> For encoding Al: is the shift amount, in the range 1 to 31 (when <shift> = LSL or ROR) or 1 to 32 (when <shift>= LSR or ASR)

encoded in the "imm5" field as <amount> modulo 32.

For encoding T3: is the shift amount, in the range 1 to 31 (when <shift>= LSL or ROR) or 1 to 32 (when <shift>=LSR or ASR),
encoded in the "imm3:imm?2" field as <amount> modulo 32.

Operation

if ConditionPassed () then
EncodingSpecificOperations() ;
shifted = Shift(R[m], shift t, shift n, PSTATE.C);
(result, nzcv) = AddWithCarry(R[n], NOT(shifted), '1l'"):;
PSTATE.<N, Z,C,V> = nzcv;

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.
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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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CMP (register-shifted register)

Compare (register-shifted register) subtracts a register-shifted register value from a register value. It updates the condition flags based on the result, and
discards the result.

A1

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
[ =111 [o 0 0 1 01 o[1] Rn [(0)[(0)](0)](0)] Rs | 0 [stypetypd] 1 | Rm |
cond

A1

CMP{<c>}{<g>} <Rn>, <Rm>, <type> <Rs>

n = UInt(Rn); m = UInt(Rm); s = UInt(Rs);

shift t = DecodeRegShift (stype):;

feyper+

if n == 15 || m == 15 || s == 15 then UNPREDICTABLE;

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

Assembler Symbols

<c> See Standard assembler syntax fields.
<q> See Standard assembler syntax fields.
<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.
<type> Is the type of shift to be applied to the second source register, encoded in “stypetype’:
stypetype <type>
00 LSL
01 LSR
10 ASR
11 ROR
<Rs> Is the third general-purpose source register holding a shift amount in its bottom 8 bits, encoded in the "Rs" field.
Operation

if ConditionPassed () then
EncodingSpecificOperations() ;
Shift_n = UInt (R[s]<7:0>);
shifted = Shift (R[m], shift t, shift n, PSTATE.C);
(result, nzcv) = AddWithCarry(R[n], NOT(shifted), '1'");
PSTATE.<N,Zz,C,V> = nzcv;

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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DCPS1

Debug Change PE State to EL1 allows the debugger to move the PE into EL1 from ELO or to a specific mode at the current Exception Level.
DCPS1 is UNDEFINED if any of:

* The PE is in Non-debug state.

+ EL2 is implemented, EL2 is implemented and enabled in the current Security state, and any of:
o EL2 is using AArch32 and HCR.TGE is set to 1.
o EL2 is using AArch64 and HCR_EL2.TGE is set to 1.

When the PE executes DCPS1 at ELO, EL1 or EL3:

» IfEL3 or ELI is using AArch32, the PE enters SVC mode and LR _svc, SPSR_svc, DLR, and DSPSR become UNKNOWN. If DCPS1 is

executed in Monitor mode, SCR.NS is cleared to 0.
» IfELI is using AArch64, the PE enters EL1 using AArch64, selects SP_EL1, and ELR_EL1, ESR_EL1, SPSR_EL1, DLR _ELO and
DSPSR_ELO become UNKNOWN.

When the PE executes DCPS1 at EL2 the PE does not change mode, and ELR_hyp, HSR, SPSR_hyp, DLR and DSPSR become UNKNOWN.

For more information on the operation of this instruction, see DCPS.
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DCPS1

// No additional decoding required.
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Operation

if !'Halted() then UNDEFINED;

if EL2Enabled() && PSTATE.EL == ELO then
tge = if ELUsingAArch32 (EL2) then HCR.TGE else HCR EL2.TGE;
if tge == '1' then UNDEFINED;
if PSTATE.EL != ELO || ELUsingAArch32(EL1l) then
if PSTATE.M == M32 Monitor then SCR.NS = '0';
if PSTATE.EL != EL2 then

AArch32.WriteMode (M32 Svc);
PSTATE.E = SCTLR.EE;
if HavePANExt () && SCTLR.SPAN == '0' then PSTATE.PAN = '1';
LR svc = bits (32) UNKNOWN;
SPSR_svc = bits(32) UNKNOWN;
else
PSTATE.E = HSCTLR.EE;
ELR hyp = bits(32) UNKNOWN;
HSR = bits (32) UNKNOWN;
SPSR_hyp = bits(32) UNKNOWN;

DLR = bits(32) UNKNOWN;
DSPSR = bits(32) UNKNOWN;
else // Targeting EL1 using AArché64
AArch64 .MaybeZeroRegisterUppers () ;
MaybeZeroSVEUppers (EL1) ;

PSTATE.nRW = '0';

PSTATE.SP = '1"';

PSTATE.EL = ELI;

if HavePANExt () && SCTLR_EL1.SPAN == '0'" then PSTATE.PAN = '1';
if HaveUAOExt () then PSTATE.UAO = '0';

ELR EL1 = bits(64) UNKNOWN;
ESR EL1 = bits(32) UNKNOWN;
SPSR_EL1 = bits(32) UNKNOWN;

DLR ELO = bits(64) UNKNOWN;
DSPSR ELO = bits (32) UNKNOWN;

// SCTLR _EL1.IESB might be ignored in Debug state.

if HaveIESB() && SCTLR EL1.IESB == 'l' && !ConstrainUnpredictableBool (Unpredictable IESBinDebug) the
SynchronizeErrors() ;

UpdateEDSCRFields () ; // Update EDSCR PE state flags
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DCPS2

Debug Change PE State to EL2 allows the debugger to move the PE into EL2 from a lower Exception level.
DCPS2 is UNDEFINED if any of:

* The PE is in Non-debug state.
+ EL2 is not implemented.
* The PE is in Secure state and any of:
o Secure EL2 is not implemented.
o Secure EL2 is implemented and Secure EL2 is disabled.

When the PE executes DCPS2:

« IfEL2 is using AArch32, the PE enters Hyp mode and ELR_hyp, HSR, SPSR_hyp, DLR and DSPSR become UNKNOWN.
» IfEL2 is using AArch64, the PE enters EL2 using AArch64, selects SP_EL2, and ELR_EL2, ESR_EL2, SPSR_EL2, DLR _ELO and
DSPSR_ELO become UNKNOWN.

For more information on the operation of this instruction, see DCPS.
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DCPS2

if !'HaveEL (EL2) then UNDEFINED;
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Operation

if

'Halted () || IsSecure() then UNDEFINED;

if ELUsingAArch32 (EL2) then

AArch32.WriteMode (M32 Hyp) ;
PSTATE.E = HSCTLR.EE;

ELR hyp = bits(32) UNKNOWN;
HSR = bits (32) UNKNOWN;
SPSR hyp = bits(32) UNKNOWN;

DLR = bits (32) UNKNOWN;
DSPSR = bits (32) UNKNOWN;

else // Targeting EL2 using AArché64

AArch64 .MaybeZeroRegisterUppers () ;

MaybeZeroSVEUppers (EL2) ;

PSTATE.nRW = '0';

PSTATE.SP UV g

PSTATE.EL = EL2;

if HavePANExt () && SCTLR EL2.SPAN == 'O' && HCR EL2.E2H == 'l' && HCR EL2.TGE == 'l' then
PSTATE.PAN = '1';

if HaveUAOExt () then PSTATE.UAO = '0';

ELR EL2 = bits(64) UNKNOWN;
ESR EL2 = bits(32) UNKNOWN;
SPSR_EL2 = bits(32) UNKNOWN;

DLR ELO = bits(64) UNKNOWN;
DSPSR ELO = bits (32) UNKNOWN;

// SCTLR _EL2.IESB might be ignored in Debug state.

if HaveIESB() && SCTLR EL2.IESB == 'l' && !ConstrainUnpredictableBool (Unpredictable IESBinDebug) then
SynchronizeErrors() ;

UpdateEDSCRFields () ; // Update EDSCR PE state flags
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DCPS3

Debug Change PE State to EL3 allows the debugger to move the PE into EL3 from a lower Exception Level or to a specific mode at the current
Exception Level.
DCPS 3 is UNDEFINED if any of:

» The PE is in Non-debug state.
* EL3 is not implemented.
 EDSCR.SDD s set to 1.

When the PE executes DCPS 3:

+ IfEL3 is using AArch32, the PE enters Monitor mode and LR_mon, SPSR_mon, DLR and DSPSR become UNKNOWN. If DCP S 3 is

executed in Monitor mode, SCR.NS is cleared to 0.
» IfEL3 is using AArch64, the PE enters EL3 using AArch64, selects SP_EL3, and ELR_EL3, ESR_EL3, SPSR _EL3, DLR_ELO0 and
DSPSR_ELO become UNKNOWN.

For more information on the operation of this instruction, see DCPS.
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DCPS3

if !'HaveEL (EL3) then UNDEFINED;
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Operation

if 'Halted() || EDSCR.SDD == 'l' then UNDEFINED;

if ELUsingAArch32 (EL3) then
from secure = IsSecure();
if PSTATE.M == M32 Monitor then SCR.NS = '0';
AArch32.WriteMode (M32 Monitor);
if HavePANExt () then
if !from secure then

PSTATE.PAN = '0';
elsif SCTLR.SPAN == '0O' then
PSTATE.PAN = '1"';

PSTATE.E = SCTLR.EE;

LR mon = bits(32) UNKNOWN;
SPSR mon = bits (32) UNKNOWN;

DLR = bits(32) UNKNOWN;
DSPSR = bits(32) UNKNOWN;
else // Targeting EL3 using AArch64
AArcho64 .MaybeZeroRegisterUppers () ;
MaybeZeroSVEUppers (EL3) ;

PSTATE.nRW = '0';

PSTATE.SP = '1"';

PSTATE.EL = EL3;

if HaveUAOExt () then PSTATE.UAO = '0';
ELRﬁEL3 = bits (64) UNKNOWN;

ESR _EL3 bits (32) UNKNOWN;
SPSR_EL3 = bits(32) UNKNOWN;

DLR ELO = bits(64) UNKNOWN;
DSPSR ELO = bits (32) UNKNOWN;

sync_errors = HaveIESB() && SCTLR EL3.IESB == 'l';

if HaveDoubleFaultExt() && SCR EL3.EA == 'l' && SCR EL3.NMEA == 'l' then
sync_errors = TRUE;

// SCTLR _EL3.IESB might be ignored in Debug state.

if !ConstrainUnpredictableBool (Unpredictable IESBinDebug) then
sync_errors = FALSE;

if sync_errors then SynchronizeErrors();

UpdateEDSCRFields () ; // Update EDSCR PE state flags
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DMB

Data Memory Barrier is a memory barrier that ensures the ordering of observations of memory accesses, see Data Memory Barrier (DMB).

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

A1

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
(111101010 11 1[MOOOOIOIOIOINOIOOOf©0[0 1 0 1] opton |
A1

DMB{<c>}{<g>} {<option>}

// No additional decoding required

T

%5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
(1111001110 1 1[MOOMOMI1T oJolo[IMIM[([0 1 0 1] opton |

T

DMB{<c>} {<g>} {<option>}
// No additional decoding required

For more information about the CONSTRAINED UNPREDICTABLE behavior, see Architectural Constraints on UNPREDICTABLE behaviors.
Assembler Symbols

<c> For encoding Al: see Standard assembler syntax fields. Must be AL or omitted.

For encoding T1: see Standard assembler syntax fields.

<g> See Standard assembler syntax fields.
<option> Specifies an optional limitation on the barrier operation. Values are:
SY

Full system is the required shareability domain, reads and writes are the required access types, both before and after the
barrier instruction. Can be omitted. This option is referred to as the full system barrier. Encoded as option = 0b1111.

ST
Full system is the required shareability domain, writes are the required access type, both before and after the barrier
instruction. SYST is a synonym for ST. Encoded as option = 0b1110.

LD
Full system is the required shareability domain, reads are the required access type before the barrier instruction, and reads and
writes are the required access types after the barrier instruction. Encoded as option = 0b1101.

ISH
Inner Shareable is the required shareability domain, reads and writes are the required access types, both before and after the
barrier instruction. Encoded as option = 0b1011.

ISHST
Inner Shareable is the required shareability domain, writes are the required access type, both before and after the barrier
instruction. Encoded as option = 0b1010.

ISHLD

Inner Shareable is the required shareability domain, reads are the required access type before the barrier instruction, and reads
and writes are the required access types after the barrier instruction. Encoded as option = 0b1001.
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NSH
Non-shareable is the required shareability domain, reads and writes are the required access, both before and after the barrier
instruction. Encoded as option = 0b0111.

NSHST
Non-shareable is the required shareability domain, writes are the required access type both before and after the barrier
instruction. Encoded as option = 0b0110.

NSHLD
Non-shareable is the required shareability domain, reads are the required access type before the barrier instruction, and reads
and writes are the required access types after the barrier instruction. Encoded as option = 0b0101.

OSH
Outer Shareable is the required shareability domain, reads and writes are the required access types, both before and after the
barrier instruction. Encoded as option = 0b0011.

OSHST
Outer Shareable is the required shareability domain, writes are the required access type, both before and after the barrier
instruction. Encoded as option = 0b0010.

OSHLD
Outer Shareable is the required shareability domain, reads are the required access type before the barrier instruction, and reads
and writes are the required access types after the barrier instruction. Encoded as option = 0b0001.

For more information on whether an access is before or after a barrier instruction, see Data Memory Barrier (DMB). All other
encodings of option are reserved. All unsupported and reserved options must execute as a full system DMB operation, but
software must not rely on this behavior.

The instruction supports the following alternative <option> values, but Arm recommends that software does not use these
alternative values:

* SH as an alias for ISH.

* SHST as an alias for ISHST.

* UN as an alias for NSH.

* UNST as an alias for NSHST.

Operation

if ConditionPassed () then
EncodingSpecificOperations () ;
case option of
when '0001' domain = MBRegDomain OuterShareable; types = MBReqTypes Reads;
when '0010' domain = MBRegDomain OuterShareable; types = MBReqTypes Writes;
when '0011' domain = MBRegDomain OuterShareable; types = MBReqTypes All;

when '0101' domain = MBRegDomain Nonshareable; types = MBReqTypes Reads;
when '0110' domain = MBRegDomain Nonshareable; types = MBReqTypes Writes;
when '0111' domain = MBRegDomain Nonshareable; types = MBReqTypes All;

when '1001' domain = MBRegDomain InnerShareable; types = MBReqTypes Reads;
when '1010' domain = MBRegDomain InnerShareable; types = MBReqTypes Writes;
when '1011' domain = MBRegDomain InnerShareable; types = MBReqTypes All;

when '1101' domain = MBRegDomain FullSystem; types = MBReqTypes Reads;
when '1110' domain = MBRegDomain FullSystem; types = MBReqgTypes Writes;
otherwise domain = MBRegDomain FullSystem; types = MBRegTypes All;

if PSTATE.EL IN {— 3ifEL2Enabled ) && PSTATE . EL IN {ELO, EL1} && EL2Enabled() then
+—then

if HCR.BSU == '11' then
domain = MBRegDomain FullSystem;

if HCR.BSU == '10' && domain != MBRegDomain FullSystem then
domain = MBRegDomain OuterShareable;

if HCR.BSU == '0l1' && domain == MBRegDomain Nonshareable then

domain = MBRegDomain InnerShareable;

DataMemoryBarrier (domain, types);
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DSB

Data Synchronization Barrier is a memory barrier that ensures the completion of memory accesses, see Data Synchronization Barrier (DSB).

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

A1

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

(111101010 11 1[MOOOOIOIOIOINIOO]O[©O[0 1 0 0 [=0x00epten|
option

A1

DSB{<c>}{<g>} {<option>}

// No additional decoding required

T

%5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

(1111001110 1 1[MOOMOMI1T oJofo[IMIM[([o 1 0 0] !=0x00 |
option

T

DSB{<c>} {<g>} {<option>}
// No additional decoding required

For more information about the CONSTRAINED UNPREDICTABLE behavior, see Architectural Constraints on UNPREDICTABLE behaviors.
Assembler Symbols

<c> For encoding Al: see Standard assembler syntax fields. Must be AL or omitted.

For encoding T1: see Standard assembler syntax fields.

<g> See Standard assembler syntax fields.
<option> Specifies an optional limitation on the barrier operation. Values are:
SY

Full system is the required shareability domain, reads and writes are the required access types, both before and after the
barrier instruction. Can be omitted. This option is referred to as the full system barrier. Encoded as option = Ob1111.

ST
Full system is the required shareability domain, writes are the required access type, both before and after the barrier
instruction. SYST is a synonym for ST. Encoded as option = 0b1110.

LD
Full system is the required shareability domain, reads are the required access type before the barrier instruction, and reads and
writes are the required access types after the barrier instruction. Encoded as option =0b1101.

ISH
Inner Shareable is the required shareability domain, reads and writes are the required access types, both before and after the
barrier instruction. Encoded as option = 0b1011.

ISHST

Inner Shareable is the required shareability domain, writes are the required access type, both before and after the barrier
instruction. Encoded as option = 0b1010.

DSB

Page 53



ISHLD
Inner Shareable is the required shareability domain, reads are the required access type before the barrier instruction, and reads
and writes are the required access types after the barrier instruction. Encoded as option = 0b1001.

NSH
Non-shareable is the required shareability domain, reads and writes are the required access, both before and after the barrier
instruction. Encoded as option = 0b0111.

NSHST
Non-shareable is the required shareability domain, writes are the required access type both before and after the barrier
instruction. Encoded as option = 0b0110.

NSHLD
Non-shareable is the required shareability domain, reads are the required access type before the barrier instruction, and reads
and writes are the required access types after the barrier instruction. Encoded as option = 0b0101.

OSH
Outer Shareable is the required shareability domain, reads and writes are the required access types, both before and after the
barrier instruction. Encoded as option = 0b0011.

OSHST
Outer Shareable is the required shareability domain, writes are the required access type, both before and after the barrier
instruction. Encoded as option = 0b0010.

OSHLD
Outer Shareable is the required shareability domain, reads are the required access type before the barrier instruction, and reads
and writes are the required access types after the barrier instruction. Encoded as option = 0b0001.

For more information on whether an access is before or after a barrier instruction, see Data Synchronization Barrier (DSB). All
other encodings of option are reserved. All unsupported and reserved options must execute as a full system DSB operation, but
software must not rely on this behavior.

The instruction supports the following alternative <option> values, but Arm recommends that software does not use these
alternative values:

* SH as an alias for ISH.

* SHST as an alias for ISHST.

* UN as an alias for NSH.

* UNST as an alias for NSHST.
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Operation

if ConditionPassed() then
EncodingSpecificOperations () ;
case option of
when '0001' domain = MBRegDomain OuterShareable; types = MBReqTypes Reads;
when '0010' domain = MBRegDomain OuterShareable; types = MBReqTypes Writes;
when '0011' domain = MBRegDomain OuterShareable; types = MBReqTypes All;

when '0101' domain = MBRegDomain Nonshareable; types = MBReqTypes Reads;
when '0110' domain = MBRegDomain Nonshareable; types = MBRegTypes Writes;
when '0111' domain = MBRegDomain Nonshareable; types = MBReqTypes All;

when '1001' domain = MBRegDomain InnerShareable; types = MBReqTypes Reads;
when '1010' domain = MBRegDomain InnerShareable; types = MBReqTypes Writes;
when '1011' domain = MBRegDomain InnerShareable; types = MBReqTypes All;

when '1101' domain = MBRegDomain FullSystem; types = MBReqTypes Reads;
when '1110' domain = MBRegDomain FullSystem; types = MBRegTypes Writes;
otherwise

if option == '0000' then SEE "SSBB";

elsif option == '0100' then SEE "PSSBB";

else domain = MBRegDomain FullSystem; types = MBRegTypes All;

if PSTATE.EL IN {—  3ifEL2Enabled () && PSTATE . EL IN {ELO, EL1} && EL2Enabled() then
J+—then

if HCR.BSU == '11' then
domain = MBRegDomain FullSystem;

if HCR.BSU == '10' && domain != MBRegDomain FullSystem then
domain = MBRegDomain OuterShareable;

if HCR.BSU == '0l' && domain == MBRegDomain Nonshareable then

domain = MBRegDomain InnerShareable;

DataSynchronizationBarrier (domain, types);
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EOR, EORS (register)

Bitwise Exclusive OR (register) performs a bitwise Exclusive OR of a register value and an optionally-shifted register value, and writes the result to
the destination register.

If the destination register is not the PC, the EORS variant of the instruction updates the condition flags based on the result.

The field descriptions for <Rd> identify the encodings where the PC is permitted as the destination register. ArmARM deprecates any use of these
encodings. However, when the destination register is the PC:

* The EOR variant of the instruction is an interworking branch, see Pseudocode description of operations on the AArch32 general-purpose
registers and the PC.
* The EORS variant of the instruction performs an exception return without the use of the stack. In this case:
o The PE branches to the address written to the PC, and restores PSTATE from SPSR_<current mode>.
o The PE checks SPSR_<current mode> for an illegal return event. See lllegal return events from AArch32 state.
o The instruction is UNDEFINED in Hyp mode.
o The instruction is CONSTRAINED UNPREDICTABLE in User mode and System mode.

It has encodings from the following instruction sets: A32 (Al )and T32 (Tl and T2).
A1
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 2 1 0

6 5 4 3
| !=1111_ |0 0 0 0[O0 0 1]S| Rn | Rd | imm5 stypetype| 0| Rm |
cond

EOR, rotate right with extend (S == 0 && imm5 == 00000 && stypetype == 11)

EOR{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX

EOR, shift or rotate by value (S == 0 && !(imm5 == 00000 && stypetype == 11))

EOR{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

EORS, rotate right with extend (S == 1 && imm5 == 00000 && stypetype == 11)

EORS{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX

EORS, shift or rotate by value (S == 1 && !(imm5 == 00000 && stypetype == 11))

EORS{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

d = UInt(Rd); n = UInt(Rn); m = UInt(Rm); setflags = (S == "'1");
(shift t, shift n) = DecodeImmShift (stype, imm5) ;{Eype; FmmoS);

T1
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
|01 0 00 0[/0 00 1] Rm | Rdn |
T

EOR<c>{<g>} {<Rdn>,} <Rdn>, <Rm> // (Inside IT block)

EORS{<g>} {<Rdn>,} <Rdn>, <Rm> // (Outside IT block)

d = UInt (Rdn); n = UInt (Rdn); m = UInt (Rm); setflags = !InITBlock();
(shift t, shift n) = (SRType LSL, 0);

T2
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6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3
0 0[S] Rn [(0) imm3 | Rd | imm?2 [stypetype] Rm |

15 14 13 12 11 10 9 8 7
/1711010 1[0 1

EOR, rotate right with extend (S == 0 && imm3 == 000 && imm2 == 00 && stypetype == 11)
EOR{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX
EOR, shift or rotate by value (S == 0 && !(imm3 == 000 && imm2 == 00 && stypetype == 11))

EOR<c>.W {<Rd>,} <Rn>, <Rm> // (Inside IT block, and <Rd>, <Rn>, <Rm> can be represented in T1)

EOR{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

EORS, rotate right with extend (S == 1 && imm3 == 000 && Rd != 1111 && imm2 == 00 && stypetype == 11)
EORS{<c>} {<g>} {<Rd>,} <Rn>, <Rm>, RRX

EORS, shift or rotate by value (S == 1 && !(imm3 == 000 && imm2 == 00 && stypetype == 11) && Rd != 1111)

EORS.W {<Rd>,} <Rn>, <Rm> // (Outside IT block, and <Rd>, <Rn>, <Rm> can be represented in T1)

EORS{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

if Rd == '1111"' && S == '1' then SEE "TEQ (register)";
d = UInt(Rd); n = UInt(Rn); m = UInt(Rm); setflags = (S == "'1");
(shift t, shift n) = DecodeImmShift (stype, imm3:imm2) ;
3 o,
if (d == 15 && !setflags) || n == 15 || m == 15 then UNPREDICTABLE;

// Armv8-A removes UNPREDICTABLE for R13

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

Assembler Symbols

<c> See Standard assembler syntax fields.

<g> See Standard assembler syntax fields.

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

<Rd> For encoding A1: is the general-purpose destination register, encoded in the "Rd" field. If omitted, this register is the same as

<Rn>. Arm deprecates using the PC as the destination register, but if the PC is used:

+ For the EOR variant, the instruction is a branch to the address calculated by the operation. This is an interworking
branch, see Pseudocode description of operations on the AArch32 general-purpose registers and the PC.
* For the EORS variant, the instruction performs an exception return, that restores PSTATE from SPSR_<current_mode>.

For encoding T2: is the general-purpose destination register, encoded in the "Rd" field. If omitted, this register is the same as
<Rn>.

<Rn> For encoding Al: is the first general-purpose source register, encoded in the "Rn" field. The PC can be used, but this is
deprecated.

For encoding T2: is the first general-purpose source register, encoded in the "Rn" field.

<Rm> For encoding Al: is the second general-purpose source register, encoded in the "Rm" field. The PC can be used, but this is
deprecated.

For encoding T1 and T2: is the second general-purpose source register, encoded in the "Rm" field.

<shift> Is the type of shift to be applied to the second source register, encoded in “stypetype”:
stypetype <shift>
00 LSL
01 LSR
10 ASR
11 ROR
<amount> For encoding Al: is the shift amount, in the range 1 to 31 (when <shift>=LSL or ROR) or 1 to 32 (when <shift> = LSR or ASR)

encoded in the "imm5" field as <amount> modulo 32.
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For encoding T2: is the shift amount, in the range 1 to 31 (when <shift>= LSL or ROR) or 1 to 32 (when <shift> = LSR or ASR),
encoded in the "imm3:imm?2" field as <amount> modulo 32.

In T32 assembly:
* Outside an IT block, if EORS <Rd>, <Rn>, <Rd> has <Rd> and <Rn> both in the range R0-R7, it is assembled using encoding T1 as
though EORS <Rd>, <Rn> had been written
 Inside an IT block, if EOR<¢> <Rd>, <Rn>, <Rd> has <Rd> and <Rn> both in the range R0-R7, it is assembled using encoding T1 as
though EOR<c> <Rd>, <Rn> had been written.
To prevent either of these happening, use the .W qualifier.

Operation

if ConditionPassed() then
EncodingSpecificOperations() ;

(shifted, carry) = Shift C(R[m], shift t, shift n, PSTATE.C);
result = R[n] EOR shifted;
if d == 15 then // Can only occur for A32 encoding

if setflags then
ALUExceptionReturn (result) ;
else
ALUWritePC (result) ;

else
R[d] = result;
if setflags then
PSTATE.N result<31>;
PSTATE.Z IsZeroBit (result) ;
PSTATE.C = carry;
// PSTATE.V unchanged

Operational information

If CPSR.DIT is 1 and this instruction 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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EOR, EORS (register-shifted register)

Bitwise Exclusive OR (register-shifted register) performs a bitwise Exclusive OR of a register value and a register-shifted register value. It writes the
result to the destination register, and can optionally update the condition flags based on the result.

A1

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
[ =111 [o 0 0 0[0 0 1][S] Rn | Rd | Rs | 0 [stypetypd] 1 | Rm |
cond

Flag setting (S == 1)

EORS{<c>} {<g>} {<Rd>,} <Rn>, <Rm>, <shift><Eype> <Rs>

Not flag setting (S == 0)

EOR{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, <shift><type> <Rs>

d = UInt (Rd); n = UInt(Rn); m UInt (Rm) ; s = UInt (Rs);
setflags = (S == '1"); shift t = DecodeRegShift (stype):;
'(-t—YPe%—;

if d == 15 || n == 15 || m == 15 || s == 15 then UNPREDICTABLE;

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

Assembler Symbols

<c> See Standard assembler syntax fields.

<g> 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.

<shifttype> Is the type of shift to be applied to the second source register, encoded in “stypetype’:
stypetype _ <shifttype>

00 LSL
01 LSR
10 ASR
11 ROR
<Rs> Is the third general-purpose source register holding a shift amount in its bottom 8 bits, encoded in the "Rs" field.

Operation

if ConditionPassed() then
EncodingSpecificOperations () ;
shift n = UInt(R[s]<7:0>);
(shifted, carry) = Shift C(R[m], shift t, shift n, PSTATE.C);
result = R[n] EOR shifted;
R[d] = result;
if setflags then
PSTATE.N = result<31>;
PSTATE.Z = IsZeroBit (result);
PSTATE.C = carry;
// PSTATE.V unchanged
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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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ERET

Exception Return.
The PE branches to the address held in the register holding the preferred return address, and restores PSTATE from SPSR_<current mode>.

The register holding the preferred return address is:

* ELR hyp, when executing in Hyp mode.
* LR, when executing in a mode other than Hyp mode, User mode, or System mode.

The PE checks SPSR_<current_mode> for an illegal return event. See lllegal return events from AArch32 state.
Exception Return is CONSTRAINED UNPREDICTABLE in User mode and System mode.

In Debug state, the T1 encoding of ERET executes the DRPS operation.

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

A1

2 1 0

4 3
0 [MMIM[M]©)]

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
[ =111 [0 0 0 1 0 1 1 0[O[O®©®[©©00)][©0)[©O)]©)]0
cond

6 5
1 1

A1

ERET{<c>} {<g>}

// No additional decoding required

T1

15 14 13 12 11 10 9 8 7 6
1

3 2 1 0 15 14 13 12 11 10 9
[1 11100 1 1 1 1

8 7 6 5
1.1 0]1 ofJolofmmImimio o o

ols
(@] [}
(@] ] V]
ol-~
oo

T

ERET{<c>}{<q>}
if InITBlock() && !LastInITBlock() then UNPREDICTABLE;

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.
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Operation

if ConditionPassed() then
EncodingSpecificOperations () ;
if '—4f£ PSTATE .M IN {Halted() then
if PSTATE.M IN {M32 User,M32 System} then

UNPREDICTABLE; // UNDEFINED or NOP
else
new pc value = if PSTATE.EL == EL2 then ELR hyp else R[14];
AArch32.ExceptionReturn (new _pc value, SPSR[]);
else // Perform DRPS operation in Debug state
if PSTATE.M == M32 User then
UNDEFINED;
elsif PSTATE.M == M32 System then
UNPREDICTABLE; // UNDEFINED or NOP
else

SynchronizeContext () ;

SetPSTATEFromPSR (SPSR[]) ;

// PSTATE.{N,z%,C,V,Q,GE,SS,A,I,F} are not observable and ignored in Debug state, so
// behave as if UNKNOWN.

PSTATE.<N,Z%Z,C,V,Q,GE,SS,A,I,F> = bits(13) UNKNOWN;

// In AArch32 Debug state, all instructions are T32 and unconditional.

PSTATE.IT = '00000000"'; PSTATE.T = '1'; // PSTATE.J is RESO
DLR = bits(32) UNKNOWN; DSPSR = bits (32) UNKNOWN;
UpdateEDSCRFields () ; // Update EDSCR PE state flagsfl)+

CONSTRAINED UNPREDICTABLE behavior

If PSTATE.M IN {M32 User,M32 System}, then one of the following behaviors must occur:

* The instruction is UNDEFINED.
» The instruction executes as NOP.

Internal version only: isa v00_96¥08-88, pseudocode r8p5_00bet2 rc5¥85—xml-00bet9—+el—1 ; Build timestamp: 2019-03-28T072048-12-12F12:5933

Copyright © 2010-20192040-2648 Arm Limited or its affiliates. All rights reserved. This document is Non-Confidential.

(old) htmldiff from- (new)

ERET Page 62


ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.ConditionPassed.0
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-shared.Halted.0
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#M32_User
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#M32_System
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#EL2
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.R.read.1
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#AArch32.ExceptionReturn.2
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-shared.SPSR.read.0
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#M32_User
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#M32_System
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-shared.SynchronizeContext.0
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-shared.SetPSTATEFromPSR.1
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-shared.SPSR.read.0
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-shared.UpdateEDSCRFields.0

(old) htmldiff from- (new)

ESB

Error Synchronization Barrier is an error synchronization event that might also update DISR and VDISR. This instruction can be used at all Exception
levels and in Debug state.

In Debug state, this instruction behaves as if SError interrupts are masked at all Exception levels. See Error Synchronization Barrier in the ARM(R)
Reliability, Availability, and Serviceability (RAS) Specification, ARMvS, for ARMvS-A architecture profile.

If the RAS Extension is not implemented, this instruction executes as a NOP.

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

A1
(Armv8.2)
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
[ =111 Jo 0 1 1 oJo[1 ofo 0 0 o[MM]M]M]w©) © ©)© 0 0 0 1 0 0 0 0]
cond
A1
ESB{<c>} {<q>}
if !HaveRASExt () then EndOfInstruction(); // Instruction executes as NOP
if cond != '1110' then UNPREDICTABLE; // ESB must be encoded with AL condition
CONSTRAINED UNPREDICTABLE behavior
Ifcond != '1110"', then one of the following behaviors must occur:
+ The instruction is UNDEFINED.
* The instruction executes as NOP.
+ The instruction executes unconditionally.
* The instruction executes conditionally.
™
(Armv8.2)
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 1514 13 12 1 10 9 8 7 6 5 4 3 2 1 O
11110011101 0[MMMM1 oloofo o o ofo o o 1]/0o 0 0 0]

T1

ESB{<c>}.W

if !HaveRASExt () then EndOfInstruction(); // Instruction executes as NOP
if InITBlock () then UNPREDICTARLE;

CONSTRAINED UNPREDICTABLE behavior

If InITBlock (), then one of the following behaviors must occur:

* The instruction is UNDEFINED.
» The instruction executes as NOP.

* The instruction executes unconditionally.
* The instruction executes conditionally.

Assembler Symbols

<c> See Standard assembler syntax fields.
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<gq> See Standard assembler syntax fields.

Operation

if ConditionPassed() then
EncodingSpecificOperations() ;

SynchronizeErrors () ;
AArch32.ESBOperation() ;

if PSTATE.EL IN {———i£Bi2Bnabledt) & PSPARE BEEN {FL0, EL1} && EL2Enabled() thenj—Ehes AArch32.vES

TakeUnmaskedSErrorInterrupts () ;
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LDR (register)

Load Register (register) calculates an address from a base register value and an offset register value, loads a word from memory, and writes it to a
register. The offset register value can optionally be shifted. For information about memory accesses, see Memory accesses.

The T32 form of LLDR (register) does not support register writeback.

It has encodings from the following instruction sets: A32 (Al )and T32 (Tl and T2).
A1
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
| =111 [0 1 1[PJuUjo[w][1] Rn | Rt | imm5 Istypetypel 0 | Rm |
cond

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

LDR{<c>}{<g>} <Rt>, [<Rn>, {+/-}<Rm>{, <shift>}]

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

LDR{<c>}{<g>} <Rt>, [<Rn>], {+/-}<Rm>{, <shift>}

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

LDR{<c>}{<g>} <Rt>, [<Rn>, {+/-}<Rm>{, <shift>}]!

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

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

index = (P == '1l'); add = (U == '1"); wback = (P == '0") || (W== '1");
(shift t, shift n) = DecodeImmShift (stype, imm5) ;

Heype,—tmmS)

if m == 15 then UNPREDICTARLE;

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

CONSTRAINED UNPREDICTABLE behavior

Ifwback && 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 as instruction, the base address might be corrupted so that the instruction cannot

be repeated.
T1
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
o 1. 0 1]1]o]Jo] Rm | Rn | Rt |
T

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

t = UInt(Rt); n = UInt(Rn); m = UInt(Rm);
(shift t, shift n) = (SRType LSL, 0);
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T2

15 14 13 12 11 1 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

(11 1 1 1 0 0 0[1 of1] =111 | Rt [0 0 0 0 0 Ofimm2] Rm
Rn

T2

LDR{<c>}.W <Rt>,

[<Rn>, {+}<Rm>] // (<Rt>, <Rn>, <Rm> can be represented in T1)

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

if Rn

'1111°

t = Ulnt (Rt);
(shift t,

if m ==

if t

then SEE "LDR (literal)";

= UInt(Rn); m = UInt(Rm);

shift n) = (SRType LSL, UlInt (imm2));
15 then UNPREDICTABLE; // Armv8-A removes UNPREDICTABLE for R13
15 && InITBlock () && !LastInITBlock() then UNPREDICTABLE;

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

behaviors.

Assembler Symbols

<c>
<q>

<Rt>

<Rn>

+
<Rm>
<shift>

<imm>

See Standard assembler syntax fields.

See Standard assembler syntax fields.

For encoding A1: 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 branch is an interworking branch, see Pseudocode

description of operations on the AArch32 general-purpose registers and the PC.

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

For encoding T2: 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.

For encoding A1l: is the general-purpose base register, encoded in the "Rn" field. The PC can be used in the offset variant.

For encoding T1 and T2: is the general-purpose base register, encoded in the "Rn" field.

U
0
1

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

+/-

+

Specifies the index register is added to the base register.

Is the general-purpose index register, encoded in the "Rm" field.

The shift to apply to the value read from <Rm>. If absent, no shift is applied. Otherwise, see Shifis applied to a register.

If present, the size of the left shift to apply to the value from <Rm>, in the range 1-3. <imm> is encoded in imm?2. If absent, no
shift is specified and imm?2 is encoded as 0b00.

LDR (register)
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Operation

if CurrentInstrSet () == InstrSet A32 then
if ConditionPassed() then
EncodingSpecificOperations () ;
offset = Shift(R[m], shift t, shift n, PSTATE.C);
offset addr = if add then (R[n] + offset) else (R[n] - offset);
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<1:0> == '00' then
LoadWritePC (data) ;
else
UNPREDICTABLE;
else

R[t] = data;
else
if ConditionPassed() then

EncodingSpecificOperations () ;

offset = Shift(R[m], shift t, shift n, PSTATE.C);
offset addr = (R[n] + offset);

address = offset addr;

data = MemU[address,4];

if t == 15 then
if address<1:0> == '00' then
LoadWritePC (data) ;
else
UNPREDICTABLE;
else

R[t] = data;
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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LDRB (register)

Load Register Byte (register) calculates an address from a base register value and an offset register value, loads a byte from memory, zero-extends it to
form a 32-bit word, and writes it to a register. The offset register value can optionally be shifted. For information about memory accesses see Memory
accesses.

It has encodings from the following instruction sets: A32 (Al )and T32 (Tl and T2).
A1
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 2 1.0

6 5 4 3
[ =111 o 1 1[Plu[1]w][1] Rn | Rt | imm5 stypetype] 0 | Rm |
cond

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

LDRB{<c>}{<g>} <Rt>, [<Rn>, {+/-}<Rm>{, <shift>}]

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

LDRB{<c>}{<g>} <Rt>, [<Rn>], {+/-}<Rm>{, <shift>}

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

LDRB{<c>}{<g>} <Rt>, [<Rn>, {+/-}<Rm>{, <shift>}]!

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

t = UInt(Rt); n = UInt(Rn); m = UlInt (Rm);

index = (P == '1"); add = (U == '1'); wback = (P == '0") || (W== "1");
(shift t, shift n) = DecodeImmShift (stype, imm5) ;

“Eype,—immo )

if t == 15 || m == 15 then UNPREDICTARBLE;

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

CONSTRAINED UNPREDICTABLE behavior

Ifwback && 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 as instruction, the base address might be corrupted so that the instruction cannot
be repeated.

T1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[0 1 0 1]1][1]0o] Rm | Rn | Rt |
™

LDRB{<c>}{<g>} <Rt>, [<Rn>, {+}<Rm>]

t = UInt(Rt); n = UInt(Rn); m = UInt(Rm);
index = TRUE; add = TRUE; wback = FALSE;
(shift t, shift n) = (SRType LSL, 0);
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T2

15 14 13 12 11 10

4 3 2 1 0 15 14 13 12 11 10 9 8 7 6
1] =111 | =111 [0 0 0 0 0 O [imm2] Rm

oo
[} [é)]

9 8 7
[1 111100 0 0]

Rn Rt

T2

LDRB{<c>}.W <Rt>, [<Rn>, {+}<Rm>] // (<Rt>, <Rn>, <Rm> can be represented in T1)
LDRB{<c>}{<g>} <Rt>, [<Rn>, {+}<Rm>{, LSL #<imm>}]

if Rt == '1111' then SEE "PLD";

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

t = UInt(Rt); n = UInt(Rn); m = UlInt (Rm);

index = TRUE; add = TRUE; wback = FALSE;

(shift t, shift n) = (SRType LSL, UInt (imm2)) ;

if 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.

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

<Rn> For encoding A1l: is the general-purpose base register, encoded in the "Rn" field. The PC can be used in the offset variant.

For encoding T1 and T2: is the general-purpose base register, encoded in the "Rn" field.

+/- Specifies the index register is added to or subtracted from the base register, defaulting to + if omitted and encoded in “U”:
U +/-
O —
1 +
+ Specifies the index register is added to the base register.
<Rm> Is the general-purpose index register, encoded in the "Rm" field.
<shift> The shift to apply to the value read from <Rm>. If absent, no shift is applied. Otherwise, see Shifis applied to a register.
<imm> If present, the size of the left shift to apply to the value from <Rm>, in the range 1-3. <imm> is encoded in imm?2. If absent, no

shift is specified and imm?2 is encoded as 0b00.

Operation

if ConditionPassed() then
EncodingSpecificOperations () ;
offset = Shift(R[m], shift t, shift n, PSTATE.C);
offset addr = if add then (R[n] + offset) else (R[n] - offset);
address = if index then offset addr else R[n];
R[t] = ZeroExtend (MemU[address,1],32);
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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LDRBT

Load Register Byte Unprivileged loads a byte from memory, zero-extends it to form a 32-bit word, and writes it to a register. For information about
memory accesses see Memory accesses.
The memory access is restricted as if the PE were running in User mode. This makes no difference if the PE is actually running in User mode.

LDRBT is UNPREDICTABLE in Hyp mode.

The T32 instruction uses an offset addressing mode, that calculates the address used for the memory access from a base register value and an
immediate offset, and leaves the base register unchanged.

The A32 instruction uses a post-indexed addressing mode, that uses a base register value as the address for the memory access, and calculates a new
address from a base register value and an offset and writes it back to the base register. The offset can be an immediate value or an optionally-shifted
register value.

It has encodings from the following instruction sets: A32 ( Al and A2 )and T32 (T1).

A1
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
[ =111 Jo 1 ofJofJu[1[1]1] Rn | Rt | imm12

cond

A1

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

t = UInt(Rt); n = UInt(Rn); postindex = TRUE; add = (U == '1");
register form = FALSE; 1imm32 = ZeroExtend(imml2, 32);
if £t == 15 || n == 15 || n == t then UNPREDICTABLE;

CONSTRAINED UNPREDICTABLE behavior

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

* The instruction is UNDEFINED.
+ The instruction executes as NOP.

+ The instruction uses post-indexed addressing with the base register as PC. This is handled as described in Using R15.
+ The instruction uses immediate offset addressing with the base register as PC, without writeback.

Ifn == t && n != 15, 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 as instruction, the base address might be corrupted so that the instruction cannot
be repeated.

A2

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
[ =111 Jo 1 1]Joful1]1]1] Rn | Rt | imm5 Istypetype| 0 | Rm |
cond

A2

LDRBT{<c>}{<g>} <Rt>, [<Rn>], {+/-}<Rm>{, <shift>}

t = UInt(Rt); n = UInt(Rn); m = UInt(Rm); postindex = TRUE; add = (U == '1");
register form = TRUE; (shift t, shift n) = DecodeImmShift/(stype, imm)) ;

(type, immb5);

if £t == 15 || n == 15 || n ==t || m == 15 then UNPREDICTABLE;
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CONSTRAINED UNPREDICTABLE behavior

Ifn == t && n != 15, 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 as instruction, the base address might be corrupted so that the instruction cannot
be repeated.

T1

15 14 13 12 11 10 9 8 7 6 5
1111 1 00 0 0[0 O]

4 3 2 1 0 1514 13 12 1 10 9 8 7 6 5 4 3 2 1 O
11 =111 | Rt [1 1 1 0] imm8
Rn

T1

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

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

t = UInt(Rt); n = UInt(Rn); postindex = FALSE; add = TRUE;

register form = FALSE; imm32 = ZeroExtend (imm8, 32);

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.

<g> See Standard assembler syntax fields.

<Rt> 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 A2 and T1: is the general-purpose register to be transferred, encoded in the "Rt" field.

<Rn> Is the general-purpose base register, encoded in the "Rn" field.
+/- For encoding Al: specifies the offset is added to or subtracted from the base register, defaulting to + if omitted and encoded in “U”:
U +/-
O —
1 +
For encoding A2: specifies the index register is added to or subtracted from the base register, defaulting to + if omitted and encoded
in “U™:
U +/-
O -
1 +
<Rm> Is the general-purpose index register, encoded in the "Rm" field.
<shift> The shift to apply to the value read from <Rm>. If absent, no shift is applied. Otherwise, see Shifts applied to a register.
+ 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 0 if omitted, and encoded in

the "imm12" field.

For encoding T1: is an optional 8-bit unsigned immediate byte offset, in the range 0 to 255, defaulting to 0 and encoded in the
"imm8" field.
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Operation

if ConditionPassed() then
if PSTATE.EL == EL2 then UNPREDICTABLE; // Hyp mode
EncodingSpecificOperations () ;
offset = if register form then Shift (R[m], shift t, shift n, PSTATE.C) else imm32;
offset addr = if add then (R[n] + offset) else (R[n] - offset);
address = if postindex then R[n] else offset addr;
R[t] = ZeroExtend(MemU unpriv[address,1],32);
if postindex then R[n] = offset addr;

CONSTRAINED UNPREDICTABLE behavior

If PSTATE.EL == EL2, then one of the following behaviors must occur:

* The instruction is UNDEFINED.
» The instruction executes as NOP.

* The instruction executes as LDRB (immediate).

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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LDRT

Load Register Unprivileged loads a word from memory, and writes it to a register. For information about memory accesses see Memory accesses.
The memory access is restricted as if the PE were running in User mode. This makes no difference if the PE is actually running in User mode.

LDRT is UNPREDICTABLE in Hyp mode.
The T32 instruction uses an offset addressing mode, that calculates the address used for the memory access from a base register value and an
immediate offset, and leaves the base register unchanged.

The A32 instruction uses a post-indexed addressing mode, that uses a base register value as the address for the memory access, and calculates a new
address from a base register value and an offset and writes it back to the base register. The offset can be an immediate value or an optionally-shifted
register value.

It has encodings from the following instruction sets: A32 ( Al and A2 )and T32 (T1).

A1
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
[ =111 Jo 1 ofJofJulo[1]1] Rn | Rt | imm12

cond

A1

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

t = UInt(Rt); n = UInt(Rn); postindex = TRUE; add = (U == '1");
register form = FALSE; 1imm32 = ZeroExtend(imml2, 32);
if £t == 15 || n == 15 || n == t then UNPREDICTABLE;

CONSTRAINED UNPREDICTABLE behavior

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

* The instruction is UNDEFINED.
+ The instruction executes as NOP.

» The instruction uses post-indexed addressing with the base register as PC. This is handled as described in Using R15.
» The instruction is treated as if bit[24] =="1" and bit[21] =="0'. The instruction uses immediate offset addressing with the base register as PC,
without writeback.

Ifn == t && n != 15, 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 as instruction, the base address might be corrupted so that the instruction cannot
be repeated.

A2

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
[ =111 Jo 1 1]ofufo[1]1] Rn | Rt | imm5 Istypetype| 0 | Rm |
cond

A2

LDRT{<c>}{<g>} <Rt>, [<Rn>], {+/-}<Rm>{, <shift>}

t = UInt(Rt); n = UInt(Rn); m = UInt(Rm); postindex = TRUE; add = (U == '1");
register form = TRUE; (shift t, shift n) = DecodeImmShift/(stype, imm)) ;

(type, immb5);

if £t == 15 || n == 15 || n ==t || m == 15 then UNPREDICTABLE;
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CONSTRAINED UNPREDICTABLE behavior

Ifn == t && n != 15, 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 as instruction, the base address might be corrupted so that the instruction cannot

be repeated.
T
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 O
11111000 0[1 0[1] !'=1111 | Rt [1 1 1 0] imm8
Rn

T

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

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

t = UInt(Rt); n = UInt(Rn); postindex = FALSE; add = TRUE;
register form = FALSE; imm32 = ZeroExtend (imm8, 32);
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.

<g> See Standard assembler syntax fields.

<Rt> 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 A2 and T1: is the general-purpose register to be transferred, encoded in the "Rt" field.

<Rn> Is the general-purpose base register, encoded in the "Rn" field.
+/- For encoding Al: specifies the offset is added to or subtracted from the base register, defaulting to + if omitted and encoded in “U”:
U +/-
O —
1 +
For encoding A2: specifies the index register is added to or subtracted from the base register, defaulting to + if omitted and encoded
in “U™:
U +/-
O -
1 +
<Rm> Is the general-purpose index register, encoded in the "Rm" field.
<shift> The shift to apply to the value read from <Rm>. If absent, no shift is applied. Otherwise, see Shifts applied to a register.
+ 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 0 if omitted, and encoded in

the "imm12" field.

For encoding T1: is an optional 8-bit unsigned immediate byte offset, in the range 0 to 255, defaulting to 0 and encoded in the
"imm8" field.
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Operation

if ConditionPassed() then
if PSTATE.EL == EL2 then UNPREDICTABLE; // Hyp mode
EncodingSpecificOperations () ;
offset = if register form then Shift (R[m], shift t, shift n, PSTATE.C) else imm32;
offset addr = if add then (R[n] + offset) else (R[n] - offset);
address = if postindex then R[n] else offset addr;
data = MemU unpriv[address,4];
if postindex then R[n] = offset addr;
R[t] = data;

CONSTRAINED UNPREDICTABLE behavior

If PSTATE.EL == EL2, then one of the following behaviors must occur:

* The instruction is UNDEFINED.
+ The instruction executes as NOP.

* The instruction executes as LDR (immediate).
Operational information

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 v00_96%00-88, pseudocode r8p5_00bet2_rc5v85-xml-00bet9—+el—t ; Build timestamp: 2019-03-28 T072048-12-12F12:5933

Copyright © 2010-20192040-2648 Arm Limited or its affiliates. All rights reserved. This document is Non-Confidential.

(old) htmldiff from- (new)
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(old) htmldiff from-

MOV, MOVS (register)

Move (register) copies a value from a register to the destination register.

(new)

If the destination register is not the PC, the MOVS variant of the instruction updates the condition flags based on the result.

The field descriptions for <Rd> identify the encodings where the PC is permitted as the destination register. If the destination register is the PC:

* The MOV variant of the instruction is a branch. In the T32 instruction set (encoding T1) this is a simple branch, and in the A32 instruction
set it is an interworking branch, see Pseudocode description of operations on the AArch32 general-purpose registers and the PC.

* The MOVS variant of the instruction performs an exception return without the use of the stack. In this case:

o The PE branches to the address written to the PC, and restores PSTATE from SPSR_<current mode>.
o The PE checks SPSR_<current mode> for an illegal return event. See lllegal return events from AArch32 state.

o The instruction is UNDEFINED in Hyp mode.

o The instruction is CONSTRAINED UNPREDICTABLE in User mode and System mode.

This instruction is used by the aliases ASRS (immediate), ASR (immediate), LSLS (immediate), LSL (immediate), LSRS (immediate), LSR

(immediate), RORS (immediate), ROR (immediate), RRXS, and RRX.

It has encodings from the following instruction sets: A32 (Al )and T32 (T1,T2and T3).

A1

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

| =111 [0 0 0 1 1[0 1][S](0)(0)(0) (0)] Rd |

6 5 4 3
stypetypel 0| Rm |

cond

MOV, rotate right with extend (S == 0 && imm5 == 00000 && stypetype == 11)

MOV {<c>} {<g>} <Rd>, <Rm>, RRX

MOV, shift or rotate by value (S == 0 && !(imm5 == 00000 && stypetype == 11))

MOV{<c>}{<g>} <Rd>, <Rm> {, <shift> #<amount>}

MOVS, rotate right with extend (S == 1 && imm5 == 00000 && stypetype == 11)

MOVS{<c>}{<g>} <Rd>, <Rm>, RRX

MOVS, shift or rotate by value (S == 1 && !(imm5 == 00000 && stypetype == 11))

MOVS{<c>}{<g>} <Rd>, <Rm> {, <shift> #<amount>}

d = UInt(Rd); m = UInt(Rm); setflags = (S == '1");
(shift t, shift n) = DecodeImmShift (stype, imm5) ;{Eype; FmmoS);

T1
%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
01 0 00 1[/1 0[D] Rm | Rd |
™

MOV {<c>} {<g>} <Rd>, <Rm>

d = UInt(D:Rd); m = UInt(Rm); setflags = FALSE;
(shift t, shift n) = (SRType LSL, 0);

if d == 15 && InITBlock () && !'LastInITBlock() then UNPREDICTABLE;

MOV, MOVS (register)
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T2

%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[0 0 of!=11] imm5 | Rm | Rd |
op

T2

MOV<c>{<g>} <Rd>, <Rm> {, <shift> #<amount>} // (Inside IT block)

MOVS{<g>} <Rd>, <Rm> {, <shift> #<amount>} // (Outside IT block)

d = UInt(Rd); m = UInt(Rm); setflags = !InITBlock();
(shift t, shift n) = DecodeImmShift (op, imm5) ;
if op == '00' && imm5 == '00000' && InITBlock() then UNPREDICTABLE;

CONSTRAINED UNPREDICTABLE behavior

Ifop == '00' && imm5 == '00000' && InITBlock (), then one of the following behaviors must occur:

* The instruction is UNDEFINED.
» The instruction executes as if it passed its condition code check.

» The instruction executes as NOP, as if it failed its condition code check.
+ The instruction executes as MOV Rd, Rm.

T3
%5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1711010 1/0 0 1 0[S]1 1 1 1[0 imm3 | Rd | imm?2 [stypetype] Rm |

MOV, rotate right with extend (S == 0 && imm3 == 000 && imm2 == 00 && stypetype == 11)
MOV{<c>}{<g>} <Rd>, <Rm>, RRX
MOV, shift or rotate by value (S == 0 && !(imm3 == 000 && imm2 == 00 && stypetype == 11))

MOV{<c>}.W <Rd>, <Rm> {, LSL #0} // (<Rd>, <Rm> can be represented in T1)

MOV<c>.W <Rd>, <Rm> {, <shift> #<amount>} // (Inside IT block, and <Rd>, <Rm>, <shift>,

MOV{<c>}{<g>} <Rd>, <Rm> {, <shift> #<amount>}
MOVS, rotate right with extend (S == 1 && imm3 == 000 && imm2 == 00 && stypetype == 11)
MOVS{<c>}{<g>} <Rd>, <Rm>, RRX

MOVS, shift or rotate by value (S == 1 && !(imm3 == 000 && imm2 == 00 && stypetype == 11))

MOVS.W <Rd>, <Rm> {, <shift> #<amount>} // (Outside IT block, and <Rd>, <Rm>, <shift>,

MOVS{<c>}{<g>} <Rd>, <Rm> {, <shift> #<amount>}

d = UInt(Rd); m = UInt(Rm); setflags = (S == '1");
(shift t, shift n) = DecodeImmShift (stype, imm3:imm2) ;
if d == 15 || == 15 then UNPREDICTABLE; // Armv8-A removes UNPREDICTABLE for R13

<amount> can be r

<amount> can be re

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

behaviors.
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Assembler Symbols

<c> See Standard assembler syntax fields.
<q> See Standard assembler syntax fields.
<Rd> For encoding Al: is the general-purpose destination register, encoded in the "Rd" field. If the PC is used:

* For the MOV variant, the instruction is a branch to the address calculated by the operation. This is an interworking
branch, see Pseudocode description of operations on the AArch32 general-purpose registers and the PC. Arm
deprecates use of the instruction if <Rn> is the PC.

* For the MOVS variant, the instruction performs an exception return, that restores PSTATE from
SPSR_<current_mode>. Arm deprecates use of the instruction if <Rn> is not the LR, or if the optional shift or RRX
argument is specified.

For encoding T1: is the general-purpose destination register, encoded in the "D:Rd" field. If the PC is used:

* The instruction causes a branch to the address moved to the PC. This is a simple branch, see Pseudocode description of
operations on the AArch32 general-purpose registers and the PC.
* The instruction must either be outside an IT block or the last instruction of an IT block.

For encoding T2 and T3: is the general-purpose destination register, encoded in the "Rd" field.

<Rm> For encoding A1 and T1: is the general-purpose source register, encoded in the "Rm" field. The PC can be used. Arm deprecates
use of the instruction if <Rd> is the PC.

For encoding T2 and T3: is the general-purpose source register, encoded in the "Rm" field.

<shift> For encoding A1 and T3: is the type of shift to be applied to the source register, encoded in “stypetype”:
stypetype <shift>
00 LSL
01 LSR
10 ASR
11 ROR

For encoding T2: is the type of shift to be applied to the source register, encoded in “op”:

op <shift>
00 LSL
01 LSR
10 ASR
<amount> For encoding Al: is the shift amount, in the range 0 to 31 (when <shift>=LSL), or 1 to 31 (when <shift>=ROR) or 1 to 32

(when <shift>= LSR or ASR), encoded in the "imm5" field as <amount> modulo 32.

For encoding T2: is the shift amount, in the range 1 to 31 (when <shift>= LSL or ROR) or 1 to 32 (when <shift> = LSR or ASR),
encoded in the "imm5" field as <amount> modulo 32.

For encoding T3: is the shift amount, in the range 0 to 31 (when <shift>= LSL) or 1 to 31 (when <shift>= ROR), or 1 to 32
(when <shift>= LSR or ASR), encoded in the "imm3:imm?2" field as <amount> modulo 32.

Alias Conditions

Alias Of variant Is preferred when
ASRS T3 (MOVS, shift == '1' §&& stypetype == '10"'
(immediate) = or rotate by
value), Al

(MOVS, shift or
rotate by value)

ASRS T2 op == '10' && !InITBlock()
(immediate)
ASR T3 (MOV, shiftor S == '0' && stypetype == '10'

(immediate) = rotate by value),
Al (MOV, shift or

rotate by value)

ASR T2 op == '10' && InITBlock()

(immediate)

LSLS T3 (MOVS, shift S == '"l" && imm3:Rd:imm2 != '000xxxx00' && stypetype == '00'
(immediate) = or rotate by value)

LSLS Al (MOVS,shift S == '1' && imm5 != '00000' && stypetype == '00'

(immediate) = or rotate by value)
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Alias Of variant Is preferred when

LSLS T2 op == '00' && imm5 != '00000"' && !InITBlock()
(immediate)
LSL T3 (MOV, shiftor S == '0' && imm3:Rd:imm2 != '000xxxx00' && stypetype == '00'
(immediate) = rotate by value)
LSL Al MOV, shiftor S == '0' && imm5 != '00000' && stypetype == '00'
(immediate) = rotate by value)
LSL T2 op == '00' && imm5 != '00000' && InITBlock()
(immediate)
LSRS T3 (MOVS, shift S == '"1' && stypetype == '01'
(immediate) = or rotate by

value), Al

(MOVS, shift or
rotate by value)

LSRS T2 op == '01' && !InITBlock()
(immediate)
LSR T3 (MOV, shiftor S == '0' && stypetype == '01'

(immediate) = rotate by value),
A1l (MOV, shift or

rotate by value)

LS T2 op == '01' && InITBlock()

(immediate)

RORS T3 (MOVS, shift S == '"l' && imm3:Rd:imm2 != '000xxxx00' && stypetype == '11'

(immediate) = or rotate by value)

RORS Al (MOVS,shift S == '1' && imm5 != '00000' && stypetype == '11'

(immediate) = or rotate by value)

ROR T3 (MOV, shiftor S == '0' && imm3:Rd:imm2 != '000xxxx00' && stypetype == '11'

(immediate) = rotate by value)

ROR Al (MOV, shiftor S == '0' && imm5 != '00000' && stypetype == '11'

(immediate) = rotate by value)

RRXS T3 (MOVS,rotate S == '1' && imm3 == '000' && imm2 == '00' && stype&ype == '11'
right with extend)

RRXS Al (MOVS,rotate S == '1l' && imm5 == '00000' && stypetype == '11'
right with extend)

RRX T3 (MOV, rotate S == '0' && imm3 == '000' && imm2 == '00' && stypefype == '11'
right with extend)

RRX Al (MOV, rotate S == '0' && imm5 == '00000' && stypetype == '11'
right with extend)

Operation

if ConditionPassed() then
EncodingSpecificOperations () ;

(shifted, carry) = Shift C(R[m], shift t, shift n, PSTATE.C);
result = shifted;
if d == 15 then

if setflags then
ALUExceptionReturn (result) ;
else
ALUWritePC (result);

else
R[d] = result;
if setflags then
PSTATE.N = result<31>;
PSTATE.Z = IsZeroBit (result);
PSTATE.C = carry;
// PSTATE.V unchanged

Operational information

If CPSR.DIT is 1 and this instruction does not use R15 as either its source or destination:
* The execution time of this instruction is independent of:
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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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MOV, MOVS (register-shifted register)

Move (register-shifted register) copies a register-shifted register value to the destination register. It can optionally update the condition flags based on

the value.

This instruction is used by the aliases ASRS (register), ASR (register), LSLS (register), LSL (register), LSRS (register), LSR (register), RORS

(register), and ROR (register).

It has encodings from the following instruction sets: A32 (Al )and T32 (Tl and T2).

A1

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1

[ =111 [o 0 0 1 1[0 1][S]©0)(0)(0) (0)] Rd

7 6 5 4 3
[ 0 Jstypetype] 1 ]

cond

Flag setting (S == 1)

MOVS{<c>}{<g>} <Rd>, <Rm>, <shift><Eype> <Rs>

Not flag setting (S == 0)

MOV {<c>}{<g>} <Rd>, <Rm>, <shift><Eype> <Rs>

d = UInt(Rd); m = UInt(Rm); s = UInt (Rs);
setflags = (S == '1"); shift t = DecodeRegShift (stype):;
-(-t—ype->—;
if d == 15 || m == 15 || s == 15 then UNPREDICTABLE;
T
%5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
|01 0 00 0[]0 x x x| Rs | Rdm |
op
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Arithmetic shift right (op == 0100)

MOV<c>{<g>} <Rdm>, <Rdm>, ASR <Rs> // (Inside IT block)

MOVS {<g>} <Rdm>, <Rdm>, ASR <Rs> // (Outside IT block)

Logical shift left (op == 0010)

MOV<c>{<g>} <Rdm>, <Rdm>, LSL <Rs> // (Inside IT block)

MOVS{<g>} <Rdm>, <Rdm>, LSL <Rs> // (Outside IT block)

Logical shift right (op == 0011)

MOV<c>{<g>} <Rdm>, <Rdm>, LSR <Rs> // (Inside IT block)

MOVS{<g>} <Rdm>, <Rdm>, LSR <Rs> // (Outside IT block)

Rotate right (op == 0111)

MOV<c>{<g>} <Rdm>, <Rdm>, ROR <Rs> // (Inside IT block)
MOVS{<g>} <Rdm>, <Rdm>, ROR <Rs> // (Outside IT block)

if !(op IN {'0010', '0011', '0100', '0111'"}) then SEE "Related encodings";
d = UInt(Rdm); m = UInt (Rdm); s = UInt(Rs);

setflags = !InITBlock(); shift t = DecodeRegShift (op<2>:0p<0>);

T2

%5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[1 11 1 1 0 1 0 O [stypetype| S | Rm [1 1 1 1] Rd [0 0 0 0] Rs |

Flag setting (S == 1)
MOVS.W <Rd>, <Rm>, <shift><type> <Rs> // (Outside IT block, and <Rd>, <Rm>, <shift&ype>, <Rs> can be repr
MOVS{<c>} {<g>} <Rd>, <Rm>, <shift><type> <Rs>

Not flag setting (S == 0)

MOV<c>.W <Rd>, <Rm>, <shift><Eype> <Rs> // (Inside IT block, and <Rd>, <Rm>, <shift&ype>, <Rs> can be rer
MOV {<c>}{<g>} <Rd>, <Rm>, <shift><type> <Rs>

d = UInt(Rd); m = UInt(Rm); s = UInt(Rs);

setflags = (S == '1"); shift t = DecodeRegShift (stype):;
+Eyper+
if d == 15 || m == 15 || s == 15 then UNPREDICTABLE; // Armv8-A removes UNPREDICTABLE for R13

Related encodings: In encoding T1, for an op field value that is not described above, see Data-processing (two low registers).
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.

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

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

Is the type of shift to be applied to the second source register, encoded in “stypetype’:

stypetype  <shifttype>

Is the general-purpose source register holding a shift amount in its bottom 8 bits, encoded in the "Rs" field.

Is preferred when

00 LSL
01 LSR
10 ASR
11 ROR
<Rs>
Alias Conditions
Alias Of variant
ASRS (register) Al (flag setting)
ASRS (register) T1 (arithmetic shift right)
ASRS (register) T2 (flag setting)
ASR (register) Al (not flag setting)
ASR (register) T1 (arithmetic shift right)
ASR (register) T2 (not flag setting)
LSLS (register) Al (flag setting)
LSLS (register) T1 (logical shift left)
LSLS (register) T2 (flag setting)
LSL (register) Al (not flag setting)
LSL (register) T1 (logical shift left)
LSL (register) T2 (not flag setting)
LSRS (register) Al (flag setting)
LSRS (register) T1 (logical shift right)
LSRS (register) T2 (flag setting)
LSR (register) Al (not flag setting)
LSR (register) T1 (logical shift right)
LSR (register) T2 (not flag setting)
RORS (register) Al (flag setting)
RORS (register) T1 (rotate right)
RORS (register) T2 (flag setting)
ROR (register) Al (not flag setting)
ROR (register) T1 (rotate right)
ROR (register) T2 (not flag setting)
Operation
if ConditionPassed() then
EncodingSpecificOperations () ;
shift n = UInt(R[s]<7:0>);
(res
R[d] = result;
if setflags then

S == 'l' && stypetype ==
op == '0100' && !InITBlock()
stypetype == '10' && S

== '0' && stypetype ==
op == '0100' && InITBlock()
stypetype == '10' &&
S == 'l' && stypetype ==
op == '0010' && !'InITBlock()
stypetype == '00' && S ==
S == '0' && stypetype ==
op == '0010' && InITBlock()
stypetype == '00' && S

== '1l' && stypetype
op == '0011' && !InITBlock()
stypetype == '01' &&
S == '0' && stypetype ==
op == '0011' && InITBlock()
stypetype == '01' && S

== 'l' && stypetype ==
op == '0l1l1l' && !InITBlock()
stypetype == '11l' && S ==
S == '0' && stypetype ==
op == '0111l' && InITBlock()
stypetype == '11' &&

ult, carry) = Shift C(R[m], shift t, shift n, PSTATE.C);

PSTATE.N = result<31l>;
PSTATE.Z = IsZeroBit (result);
PSTATE.C = carry;

// PSTATE.V unchanged

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.

MOV, MOVS (register-shifted
register)

Page 83


ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/asrs_mov_rr.html
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/asrs_mov_rr.html
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.InITBlock.0
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/asrs_mov_rr.html
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/asr_mov_rr.html
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/asr_mov_rr.html
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.InITBlock.0
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/asr_mov_rr.html
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/lsls_mov_rr.html
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/lsls_mov_rr.html
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.InITBlock.0
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/lsls_mov_rr.html
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/lsl_mov_rr.html
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/lsl_mov_rr.html
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.InITBlock.0
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/lsl_mov_rr.html
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/lsrs_mov_rr.html
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/lsrs_mov_rr.html
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.InITBlock.0
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/lsrs_mov_rr.html
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/lsr_mov_rr.html
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/lsr_mov_rr.html
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.InITBlock.0
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/lsr_mov_rr.html
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/rors_mov_rr.html
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/rors_mov_rr.html
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.InITBlock.0
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/rors_mov_rr.html
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/ror_mov_rr.html
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/ror_mov_rr.html
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.InITBlock.0
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/ror_mov_rr.html
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.ConditionPassed.0
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-shared.UInt.1
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.R.read.1
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.Shift_C.4
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.R.read.1
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.R.write.1
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-shared.IsZeroBit.1

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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MVN, MVNS (register)

Bitwise NOT (register) writes the bitwise inverse of a register value to the destination register.
If the destination register is not the PC, the MVNS variant of the instruction updates the condition flags based on the result.

The field descriptions for <Rd> identify the encodings where the PC is permitted as the destination register. ARM deprecates any use of these

encodings. However, when the destination register is the PC:

* The MVN variant of the instruction is an interworking branch, see Pseudocode description of operations on the AArch32 general-purpose

registers and the PC.
* The MVNS variant of the instruction performs an exception return without the use of the stack. In this case:
o The PE branches to the address written to the PC, and restores PSTATE from SPSR_<current mode>.
o The PE checks SPSR_<current mode> for an illegal return event. See lllegal return events from AArch32 state.
o The instruction is UNDEFINED in Hyp mode.
o The instruction is CONSTRAINED UNPREDICTABLE in User mode and System mode.

It has encodings from the following instruction sets: A32 (Al )and T32 (Tl and T2).

A1

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

2 1

6 5 4 3
| =111 [0 0 0 1 1]1 1[s]©0)(0) (0) (0)] Rd | imm5 Istypetypel 0 | Rm

cond

MVN, rotate right with extend (S == 0 && imm5 == 00000 && stypetype == 11)

MVN{<c>} {<g>} <Rd>, <Rm>, RRX

MVN, shift or rotate by value (S == 0 && !(imm5 == 00000 && stypetype == 11))

MVN{<c>}{<g>} <Rd>, <Rm> {, <shift> #<amount>}

MVNS, rotate right with extend (S == 1 && imm5 == 00000 && stypetype == 11)

MVNS {<c>} {<g>} <Rd>, <Rm>, RRX

MVNS, shift or rotate by value (S == 1 && !(imm5 == 00000 && stypetype == 11))

MVNS{<c>}{<g>} <Rd>, <Rm> {, <shift> #<amount>}

d = UInt(Rd); m = UInt(Rm); setflags = (S == '1");
(shift t, shift n) = DecodeImmShift (stype, imm5) ;{Eype; FmmoS);

T1
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
l01 0 00 0[1 11 1] Rm | Rd |
T

MVN<c>{<g>} <Rd>, <Rm> // (Inside IT block)
MVNS {<g>} <Rd>, <Rm> // (Outside IT block)

d = UInt(Rd); m = UInt(Rm); setflags = !InITBlock();
(shift t, shift n) = (SRType LSL, 0);

T2

MVN, MVNS (register)
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15 14 13 12 11 10 9 8 7
111010 1[0 0

6 5 3 2 1 0 15 14 13 12 11 10 9 8 2 1 0
1 1 1 1

4 7 6 5 4 3
S| 1 1[(0)] imm3 | Rd | imm2 [stypetype) Rm |

MVN, rotate right with extend (S == 0 && imm3 == 000 && imm2 == 00 && stypetype == 11)
MVN{<c>}{<gq>} <Rd>, <Rm>, RRX
MVN, shift or rotate by value (S == 0 && !(imm3 == 000 && imm2 == 00 && stypefype == 11))

MVN<c>.W <Rd>, <Rm> // (Inside IT block, and <Rd>, <Rm> can be represented in T1)

MVN{<c>}{<g>} <Rd>, <Rm> {, <shift> #<amount>}

MVNS, rotate right with extend (S == 1 && imm3 == 000 && imm2 == 00 && stypetype == 11)
MVNS {<c>} {<g>} <Rd>, <Rm>, RRX

MVNS, shift or rotate by value (S == 1 && !(imm3 == 000 && imm2 == 00 && stypetype == 11))

MVNS.W <Rd>, <Rm> // (Outside IT block, and <Rd>, <Rm> can be represented in T1)

MVNS{<c>}{<g>} <Rd>, <Rm> {, <shift> #<amount>}

d = UInt(Rd); m = UInt(Rm); setflags = (S == '1");
(shift t, shift n) = DecodeImmShift (stype, imm3:imm2) ;
3 o,
if d == 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.
<g> See Standard assembler syntax fields.
<Rd> For encoding Al: is the general-purpose destination register, encoded in the "Rd" field. Arm deprecates using the PC as the

destination register, but if the PC is used:

» For the MVN variant, the instruction is a branch to the address calculated by the operation. This is an interworking
branch, see Pseudocode description of operations on the AArch32 general-purpose registers and the PC.

» For the MVNS variant, the instruction performs an exception return, that restores PSTATE from
SPSR_<current mode>.

For encoding T1 and T2: is the general-purpose destination register, encoded in the "Rd" field.

<Rm> For encoding Al: is the general-purpose source register, encoded in the "Rm" field. The PC can be used, but this is deprecated.

For encoding T1 and T2: is the general-purpose source register, encoded in the "Rm" field.

<shift> Is the type of shift to be applied to the source register, encoded in “stypetype™:
stypetype <shift>
00 LSL
01 LSR
10 ASR
11 ROR
<amount> For encoding Al: is the shift amount, in the range 1 to 31 (when <shift> = LSL or ROR) or 1 to 32 (when <shift>= LSR or

ASR), encoded in the "imm5" field as <amount> modulo 32.

For encoding T2: is the shift amount, in the range 1 to 31 (when <shift>= LSL or ROR) or 1 to 32 (when <shift> = LSR or ASR),
encoded in the "imm3:imm?2" field as <amount> modulo 32.

MVN, MVNS (register) Page 86


ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-shared.UInt.1
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-shared.UInt.1
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.DecodeImmShift.2

Operation

if ConditionPassed() then
EncodingSpecificOperations () ;

(shifted, carry) = Shift C(R[m], shift t, shift n, PSTATE.C);
result = NOT (shifted);
if d == 15 then // Can only occur for A32 encoding

if setflags then
ALUExceptionReturn (result) ;
else
ALUWritePC (result) ;

else
R[d] = result;
if setflags then
PSTATE.N = result<31>;
PSTATE.Z = IsZeroBit (result);
PSTATE.C = carry;
// PSTATE.V unchanged
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MVN, MVNS (register-shifted register)

(new)

Bitwise NOT (register-shifted register) writes the bitwise inverse of a register-shifted register value to the destination register. It can optionally update

the condition flags based on the result.

A1

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

| =111 [o 0 0 1 1]1 1]s](0)(0) (0) (0)] Rd | Rs | 0 [stypetypd] 1 | Rm |
cond

Flag setting (S == 1)

MVNS{<c>}{<g>} <Rd>, <Rm>, <shift><type> <Rs>

Not flag setting (S == 0)

MVN{<c>}{<g>} <Rd>, <Rm>, <shift><Eype> <Rs>

d = UInt(Rd); m = UInt(Rm); s = UInt (Rs);

setflags = (S == '1"); shift t = DecodeRegShift (stype):;
'(‘%‘P@T’

if d == 15 || m == 15 || s == 15 then UNPREDICTABLE;

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.

<g> See Standard assembler syntax fields.

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

<shifttype> Is the type of shift to be applied to the second source register, encoded in “stypetype”:
stypetype  <shiftéype>

00 LSL
01 LSR
10 ASR
11 ROR
<Rs> Is the general-purpose source register holding a shift amount in its bottom 8 bits, encoded in the "Rs" field.

Operation

if ConditionPassed() then
EncodingSpecificOperations() ;
shift n = UInt (R[s]<7:0>);
(shifted, carry) = Shift C(R[m], shift t, shift n, PSTATE.C);
result = NOT (shifted);
R[d] = result;
if setflags then
PSTATE.N = result<31>;
PSTATE.Z = IsZeroBit (result);
PSTATE.C = carry;
// PSTATE.V unchanged
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ORN, ORNS (register)

Bitwise OR NOT (register) performs a bitwise (inclusive) OR of a register value and the complement of an optionally-shifted register value, and writes
the result to the destination register. It can optionally update the condition flags based on the result.

T1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
111010 1[0 0 1 1]s] =111 [©)] imm3 | Rd | imm2 [stypetype] Rm |

Rn

ORN, rotate right with extend (S == 0 && imm3 == 000 && imm2 == 00 && stypetype == 11)
ORN{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX

ORN, shift or rotate by value (S == 0 && !(imm3 == 000 && imm2 == 00 && stypetype == 11))
ORN{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

ORNS, rotate right with extend (S == 1 && imm3 == 000 && imm2 == 00 && stypetype == 11)
ORNS{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX

ORNS, shift or rotate by value (S == 1 && !(imm3 == 000 && imm2 == 00 && stypetype == 11))

ORNS{<c>} {<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

if Rn == '1111' then SEE "MVN (register)";

d = UInt (Rd); n = UInt(Rn); m = UInt(Rm); setflags = (S == '1");

(shift t, shift n) = DecodeImmShift (stype, imm3:imm2) ;

if d == 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.
<shift> Is the type of shift to be applied to the second source register, encoded in “stypetype’:
stypetype <shift>
00 LSL
01 LSR
10 ASR
11 ROR
<amount> Is the shift amount, in the range 1 to 31 (when <shift> = LSL or ROR) or 1 to 32 (when <shift>= LSR or ASR), encoded in the

"imm3:imm2" field as <amount> modulo 32.

ORN, ORNS (register) Page 90


ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-shared.UInt.1
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-shared.UInt.1
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-shared.UInt.1
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.DecodeImmShift.2

Operation

if ConditionPassed () then
EncodingSpecificOperations() ;
(shifted, carry) = Shift C(R[m], shift t, shift n, PSTATE.C);
result = R[n] OR NOT (shifted);
R[d] = result;
if setflags then
PSTATE.N result<31>;
PSTATE.Z = IsZeroBit (result);
PSTATE.C = carry;
// PSTATE.V unchanged

Operational information

If CPSR.DIT is 1 and this instruction 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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ORR, ORRS (register)

Bitwise OR (register) performs a bitwise (inclusive) OR of a register value and an optionally-shifted register value, and writes the result to the
destination register.

If the destination register is not the PC, the ORRS variant of the instruction updates the condition flags based on the result.

The field descriptions for <Rd> identify the encodings where the PC is permitted as the destination register. ARM deprecates any use of these
encodings. However, when the destination register is the PC:

* The ORR variant of the instruction is an interworking branch, see Pseudocode description of operations on the AArch32 general-purpose
registers and the PC.
* The ORRS variant of the instruction performs an exception return without the use of the stack. In this case:
o The PE branches to the address written to the PC, and restores PSTATE from SPSR_<current mode>.
o The PE checks SPSR_<current mode> for an illegal return event. See lllegal return events from AArch32 state.
o The instruction is UNDEFINED in Hyp mode.
o The instruction is CONSTRAINED UNPREDICTABLE in User mode and System mode.

It has encodings from the following instruction sets: A32 (Al )and T32 (Tl and T2).
A1
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 2 1 0

6 5 4 3
| !=1111_ |0 0 0 1 1|0 0S| Rn | Rd | imm5 stypetype| 0| Rm |
cond

ORR, rotate right with extend (S == 0 && imm5 == 00000 && stypetype == 11)

ORR{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX

ORR, shift or rotate by value (S == 0 && !(imm5 == 00000 && stypetype == 11))

ORR{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

ORRS, rotate right with extend (S == 1 && imm5 == 00000 && stypetype == 11)

ORRS{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX

ORRS, shift or rotate by value (S == 1 && !(imm5 == 00000 && stypetype == 11))

ORRS{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

d = UInt(Rd); n = UInt(Rn); m = UInt(Rm); setflags = (S == "'1");
(shift t, shift n) = DecodeImmShift (stype, imm5) ;{Eype; FmmoS);

T1
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
|01 0 00 0[1 10 0[] Rm | Rdn |
T

ORR<c>{<g>} {<Rdn>,} <Rdn>, <Rm> // (Inside IT block)

ORRS{<g>} {<Rdn>,} <Rdn>, <Rm> // (Outside IT block)

d = UInt (Rdn); n = UInt (Rdn); m = UInt (Rm); setflags = !InITBlock();
(shift t, shift n) = (SRType LSL, 0);

T2
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15 14 13 12 11 10 9 8

7 3 2 1 0 15 14 13 12 11 10 9 8
111010 1[0 0

5 4 7 6 5 4 3
ols][ =111 )] imm3 | Rd | imm2 [stypetype) Rm |
Rn

6
1

ORR, rotate right with extend (S == 0 && imm3 == 000 && imm2 == 00 && stypetype == 11)

ORR{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX

ORR, shift or rotate by value (S == 0 && !(imm3 == 000 && imm2 == 00 && stypetype == 11))

ORR<c>.W {<Rd>,} <Rn>, <Rm> // (Inside IT block, and <Rd>, <Rn>, <Rm> can be represented in T1)

ORR{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

ORRS, rotate right with extend (S ==1 && imm3 == 000 && imm2 == 00 && stypetype == 11)

ORRS{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX

ORRS, shift or rotate by value (S == 1 && !(imm3 == 000 && imm2 == 00 && stypetype == 11))

ORRS.W {<Rd>,} <Rn>, <Rm> // (Outside IT block, and <Rd>, <Rn>, <Rm> can be represented in T1)

ORRS{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

if Rn == '1111' then SEE "Related encodings";
d = UInt(Rd); n = UInt(Rn); m = UInt(Rm); setflags = (S == "'1");
(shift t, shift n) = DecodeImmShift (stype, imm3:imm2) ;
3 o,
if d == 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.

Related encodings: Data-processing (shifted register)

Assembler Symbols

<c> See Standard assembler syntax fields.

<q> See Standard assembler syntax fields.

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

<Rd> For encoding Al: is the general-purpose destination register, encoded in the "Rd" field. If omitted, this register is the same as

<Rn>. Arm deprecates using the PC as the destination register, but if the PC is used:

» For the ORR variant, the instruction is a branch to the address calculated by the operation. This is an interworking
branch, see Pseudocode description of operations on the AArch32 general-purpose registers and the PC.
+ For the ORRS variant, the instruction performs an exception return, that restores PSTATE from SPSR_<current mode>.

For encoding T2: is the general-purpose destination register, encoded in the "Rd" field. If omitted, this register is the same as
<Rn>.

<Rn> For encoding A1l: is the first general-purpose source register, encoded in the "Rn" field. The PC can be used, but this is
deprecated.

For encoding T2: is the first general-purpose source register, encoded in the "Rn" field.

<Rm> For encoding A1: is the second general-purpose source register, encoded in the "Rm" field. The PC can be used, but this is
deprecated.

For encoding T1 and T2: is the second general-purpose source register, encoded in the "Rm" field.

<shift> Is the type of shift to be applied to the second source register, encoded in “stypetype”:
stypetype <shift>
00 LSL
01 LSR
10 ASR
11 ROR
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<amount> For encoding Al: is the shift amount, in the range 1 to 31 (when <shift> = LSL or ROR) or 1 to 32 (when <shift>= LSR or
ASR), encoded in the "immS5" field as <amount> modulo 32.

For encoding T2: is the shift amount, in the range 1 to 31 (when <shift>= LSL or ROR) or 1 to 32 (when <shift>= LSR or ASR),
encoded in the "imm3:imm?2" field as <amount> modulo 32.

In T32 assembly:
* Outside an IT block, if ORRS <Rd>, <Rn>, <Rd> is written with <Rd> and <Rn> both in the range R0O-R7, it is assembled using encoding
T1 as though ORRS <Rd>, <Rn> had been written.
* Inside an IT block, if ORR<c> <Rd>, <Rn>, <Rd> is written with <Rd> and <Rn> both in the range R0-R7, it is assembled using encoding
T1 as though ORR<c> <Rd>, <Rn> had been written.

To prevent either of these happening, use the .W qualifier.
Operation

if ConditionPassed() then
EncodingSpecificOperations() ;

(shifted, carry) = Shift C(R[m], shift t, shift n, PSTATE.C);
result = R[n] OR shifted;
if d == 15 then // Can only occur for A32 encoding

if setflags then
ALUExceptionReturn (result) ;
else
ALUWritePC (result) ;

else
R[d] = result;
if setflags then
PSTATE.N result<31>;
PSTATE.Z = IsZeroBit (result);
PSTATE.C = carry;
// PSTATE.V unchanged

Operational information

If CPSR.DIT is 1 and this instruction 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.

Internal version only: isa v00_96¥08-88, pseudocode r8p5_00bet2_rc5¥85—xml-00bet9—+el 1 ; Build timestamp: 2019-03-28T072048-12-12F12:5933

Copyright © 2010-20192040-2648 Arm Limited or its affiliates. All rights reserved. This document is Non-Confidential.

(old) htmldiff from- (new)

ORR, ORRS (register) Page 94


ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.ConditionPassed.0
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.Shift_C.4
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.R.read.1
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.R.read.1
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.ALUExceptionReturn.1
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.ALUWritePC.1
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.R.write.1
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-shared.IsZeroBit.1

(old) htmldiff from-

ORR, ORRS (register-shifted register)

(new)

Bitwise OR (register-shifted register) performs a bitwise (inclusive) OR of a register value and a register-shifted register value, and writes the result to

the destination register. It can optionally update the condition flags based on the result.

A1
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
[ =111 [o 0 0 1 1]/0 0[S] Rn | Rd | Rs | 0 [stypetypd] 1 | Rm |
cond
Flag setting (S == 1)
ORRS{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, <shift><Eype> <Rs>
Not flag setting (S == 0)
ORR{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, <shift><tgpe> <Rs>
d = UInt (Rd); n = UInt(Rn); m = UInt(Rm); s = UInt (Rs);
setflags = (S == '1"); shift t = DecodeRegShift (stype):;
+eype)s
if d==15 || n == 15 || m == 15 || s == 15 then UNPREDICTABLE;

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.
<g> 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.
<shifttype> Is the type of shift to be applied to the second source register, encoded in “stypetype’:
stypetype _ <shifttype>
00 LSL
01 LSR
10 ASR
11 ROR
<Rs> Is the general-purpose source register holding a shift amount in its bottom 8 bits, encoded in the "Rs" field.
Operation

if ConditionPassed() then
EncodingSpecificOperations () ;
shift n = UInt(R[s]<7:0>);
(shifted, carry) = Shift C(R[m],
result = R[n] OR shifted;
R[d] = result;
if setflags then
PSTATE.N = result<31>;
PSTATE.Z = IsZeroBit (result);
PSTATE.C = carry;
// PSTATE.V unchanged

shift t, shift n, PSTATE.C);

ORR, ORRS (register-shifted register)
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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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PLD, PLDW (register)

Preload Data (register) signals the memory system that data memory accesses from a specified address are likely in the near future. The memory
system can respond by taking actions that are expected to speed up the memory accesses when they do occur, such as preloading the cache line
containing the specified address into the data cache.

The PLD instruction signals that the likely memory access is a read, and the PT.DW instruction signals that it is a write.

The effect of a PL.D or PLDW instruction is IMPLEMENTATION DEFINED. For more information, see Preloading caches.

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

A1
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
(11110 1 1[1]Uu[rR[0 1] Rn [(OIMID]M)] imm5 stypetype] 0 | Rm |
Preload read, optional shift or rotate (R == 1 && !(imm5 == 00000 && stypefype == 11))
PLD{<c>}{<g>} [<Rn>, {+/-}<Rm> {, <shift> #<amount>}]
Preload read, rotate right with extend (R == 1 && imm5 == 00000 && stypetype == 11)
PLD{<c>}{<g>} [<Rn>, {+/-}<Rm> , RRX]
Preload write, optional shift or rotate (R == 0 && !(imm5 == 00000 && stypetype == 11))
PLDW{<c>}{<g>} [<Rn>, {+/-}<Rm> {, <shift> #<amount>}]
Preload write, rotate right with extend (R == 0 && imm5 == 00000 && stypetype == 11)
PLDW{<c>}{<g>} [<Rn>, {+/-}<Rm> , RRX]
n = UInt(Rn); m = UInt(Rm); add = (U == '1"); is pldw = (R == '0"');
(shift t, shift n) = DecodeImmShift (stype, imm5);
if m == 15 || (n == 15 && is pldw) then UNPREDICTABLE;
™
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 O
[1 1111000 ofo[w[1] =111 [1 1 1 1/0 0 0 0 0 O [imm2] Rm |

Rn

Preload read (W == 0)

PLD{<c>}{<g>} [<Rn>, {+}<Rm> {, LSL #<amount>}]

Preload write (W == 1)

PLDW{<c>}{<g>} [<Rn>, {+}<Rm> {, LSL #<amount>}]

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

n = UInt(Rn); m = UInt(Rm); add = TRUE; is pldw = (W == '1");
(shift t, shift n) = (SRType LSL, UlInt (imm2));

if 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.
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Assembler Symbols

<c> For encoding Al: see Standard assembler syntax fields. <c> must be AL or omitted.
For encoding T1: see Standard assembler syntax fields.
<q> See Standard assembler syntax fields.
<Rn> For encoding Al: is the general-purpose base register, encoded in the "Rn" field. The PC can be used.
For encoding T1: is the general-purpose base register, encoded in the "Rn" field.
+/- Specifies the index register is added to or subtracted from the base register, defaulting to + if omitted and encoded in “U”:
U +/-
O —
1 +
+ Specifies the index register is added to the base register.
<Rm> Is the general-purpose index register, encoded in the "Rm" field.
<shift> Is the type of shift to be applied to the index register, encoded in “stypetype”:
stypetype <shift>
00 LSL
01 LSR
10 ASR
11 ROR
<amount> For encoding Al: is the shift amount, in the range 1 to 31 (when <shift> = LSL or ROR) or 1 to 32 (when <shift>=LSR or ASR)
encoded in the "imm5" field as <amount> modulo 32.
For encoding T1: is the shift amount, in the range 0 to 3, defaulting to 0 and encoded in the "imm?2" field.
Operation

if ConditionPassed() then

EncodingSpecificOperations () ;
offset = Shift(R[m], shift t, shift n, PSTATE.C);
address = if add then (R[n] + offset) else (R[n] - offset);
if is pldw then
Hint PreloadDataForWrite (address) ;
else
Hint PreloadData (address);
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PLI (register)

Preload Instruction signals the memory system that instruction memory accesses from a specified address are likely in the near future. The memory
system can respond by taking actions that are expected to speed up the memory accesses when they do occur, such as pre-loading the cache line
containing the specified address into the instruction cache.

The effect of a PL T instruction is IMPLEMENTATION DEFINED. For more information, see Preloading caches.

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

A1

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
111101 1]ojuf1][o 1] Rn (O[] imm5 Istypetypel 0 | Rm |
Rotate right with extend (imm5 == 00000 && stypetype == 11)

PLI{<c>}{<g>} [<Rn>, {+/-}<Rm> , RRX]
Shift or rotate by value (!(imm5 == 00000 && stypetype == 11))

PLI{<c>}{<g>} [<Rn>, {+/-}<Rm> {, <shift> #<amount>}]

n = UInt(Rn); m = UInt(Rm); add = (U == '1");

(shift t, shift n) = DecodeImmShift (stype, imm5) ;

{type, imm5);

if m == 15 then UNPREDICTABLE;
T

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
1111100 1o0]0oo0f[1] =111 [1 1 1 1/0 0 0 0 0 O[imm2] Rm |

Rn

™

PLI{<c>}{<g>} [<Rn>, {+}<Rm> {, LSL #<amount>}]

if Rn == '1111' then SEE "PLI (immediate, literal)";

n = UInt(Rn); m = UlInt(Rm); add = TRUE;

(shift t, shift n) = (SRType LSL, Ulnt (imm2));

if 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> For encoding A1l: see Standard assembler syntax fields. <c> must be AL or omitted.

For encoding T1: see Standard assembler syntax fields.

<q> See Standard assembler syntax fields.

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

+/- Specifies the index register is added to or subtracted from the base register, defaulting to + if omitted and encoded in “U”:
U +/-
O —
1 +
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+ Specifies the index register is added to the base register.
<Rm> Is the general-purpose index register, encoded in the "Rm" field.
<shift> Is the type of shift to be applied to the index register, encoded in “stypetype’:
stypetype <shift>
00 LSL
01 LSR
10 ASR
11 ROR
<amount> For encoding A1: is the shift amount, in the range 1 to 31 (when <shift>= LSL or ROR) or 1 to 32 (when <shift>= LSR or ASR)
encoded in the "imm5" field as <amount> modulo 32.
For encoding T1: is the shift amount, in the range 0 to 3, defaulting to 0 and encoded in the "imm2" field.
Operation

if ConditionPassed () then

EncodingSpecificOperations () ;

offset = Shift (R[m], shift t, shift n, PSTATE.C);

address = if add then (R[n] + offset) else (R[n] - offset);
Hint PreloadInstr (address);
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RSB, RSBS (register)

Reverse Subtract (register) subtracts a register value from an optionally-shifted register value, and writes the result to the destination register.

If the destination register is not the PC, the RSBS variant of the instruction updates the condition flags based on the result.

The field descriptions for <Rd> identify the encodings where the PC is permitted as the destination register. ARM deprecates any use of these

encodings. However, when the destination register is the PC:

* The RSB variant of the instruction is an interworking branch, see Pseudocode description of operations on the AArch32 general-purpose

registers and the PC.
* The RSBS variant of the instruction performs an exception return without the use of the stack. In this case:
o The PE branches to the address written to the PC, and restores PSTATE from SPSR_<current mode>.
o The PE checks SPSR_<current mode> for an illegal return event. See lllegal return events from AArch32 state.
o The instruction is UNDEFINED in Hyp mode.
o The instruction is CONSTRAINED UNPREDICTABLE in User mode and System mode.

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

A1

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 2 1

6 5 4 3
| !=1111_|o 0 0 0[O0 1 1]S]| Rn | Rd | imm5 stypetype| 0| Rm

cond

RSB, rotate right with extend (S == 0 && imm5 == 00000 && stypetype == 11)

RSB{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX

RSB, shift or rotate by value (S == 0 && !(imm5 == 00000 && stypetype == 11))

RSB{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

RSBS, rotate right with extend (S == 1 && imm5 == 00000 && stypetype == 11)

RSBS{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX

RSBS, shift or rotate by value (S == 1 && !(imm5 == 00000 && stypetype == 11))

RSBS{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

d = UInt(Rd); n = UInt(Rn); m = UInt(Rm); setflags = (S == "'1");
(shift t, shift n) = DecodeImmShift (stype, imm5) ;{Eype; FmmoS);

T1

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
1711010 1[1110]s] Rn [(0)] imm3 | Rd | imm2 [stypetype) Rm

RSB, RSBS (register)
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RSB, rotate right with extend (S == 0 && imm3 == 000 && imm2 == 00 && stypetype == 11)
RSB{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX

RSB, shift or rotate by value (S == 0 && !(imm3 == 000 && imm2 == 00 && stypetype == 11))
RSB{<c>} {<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

RSBS, rotate right with extend (S == 1 && imm3 == 000 && imm2 == 00 && stypetype == 11)
RSBS{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX

RSBS, shift or rotate by value (S == 1 && !(imm3 == 000 && imm2 == 00 && stypetype == 11))

RSBS{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

d = UInt(Rd); n = UInt(Rn); m = UInt (Rm); setflags = (S == '1");
(shift t, shift n) = DecodeImmShift (stype, imm3:imm2) ;
3 e L)
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> For encoding A1: is the general-purpose destination register, encoded in the "Rd" field. If omitted, this register is the same as

<Rn>. Arm deprecates using the PC as the destination register, but if the PC is used:

» For the RSB variant, the instruction is a branch to the address calculated by the operation. This is an interworking
branch, see Pseudocode description of operations on the AArch32 general-purpose registers and the PC.
* For the RSBS variant, the instruction performs an exception return, that restores PSTATE from SPSR_<current_mode>.

For encoding T1: is the general-purpose destination register, encoded in the "Rd" field. If omitted, this register is the same as
<Rn>.

<Rn> For encoding Al: is the first general-purpose source register, encoded in the "Rn" field. The PC can be used, but this is
deprecated.

For encoding T1: is the first general-purpose source register, encoded in the "Rn" field.

<Rm> For encoding A1l: is the second general-purpose source register, encoded in the "Rm" field. The PC can be used, but this is
deprecated.

For encoding T1: is the second general-purpose source register, encoded in the "Rm" field.

<shift> Is the type of shift to be applied to the second source register, encoded in “stypetype”:
stypetype <shift>
00 LSL
01 LSR
10 ASR
11 ROR
<amount> For encoding Al: is the shift amount, in the range 1 to 31 (when <shift>=LSL or ROR) or 1 to 32 (when <shift>=LSR or ASR)

encoded in the "imm5" field as <amount> modulo 32.

For encoding T1: is the shift amount, in the range 1 to 31 (when <shift>= LSL or ROR) or 1 to 32 (when <shift> = LSR or ASR),

encoded in the "imm3:imm?2" field as <amount> modulo 32.
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Operation

if ConditionPassed() then
EncodingSpecificOperations () ;
shifted = Shift(R[m], shift t, shift n, PSTATE.C);
(result, nzcv) = AddWithCarry (NOT (R[n]), shifted, '1'");
if d == 15 then // Can only occur for A32 encoding
if setflags then
ALUExceptionReturn (result) ;
else
ALUWritePC (result) ;

else
R[d] = result;
if setflags then
PSTATE.<N, Z,C,V> = nzcv;

Operational information

If CPSR.DIT is 1 and this instruction 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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RSB, RSBS (register-shifted register)

Reverse Subtract (register-shifted register) subtracts a register value from a register-shifted register value, and writes the result to the destination
register. It can optionally update the condition flags based on the result.

A1
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 2 1. 0

7 6 5 4 3
[ =111 [o 0 0 0f[0 1 1][S] Rn | Rd | Rs | 0 [stypetypd] 1 | Rm |
cond

Flag setting (S == 1)

RSBS{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, <shift><Eype> <Rs>

Not flag setting (S == 0)

RSB{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, <shift><type> <Rs>

UInt (Rm) ; s = UInt (Rs);
1'); shift t = DecodeRegShift (stype):;

d = UInt (Rd); n = UInt(Rn); m
setflags = (S == "

-(-t—ype->—;

if d == 15 || n == 15 || m == 15 || s == 15 then UNPREDICTABLE;

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.

<g> 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.

<shifttype> Is the type of shift to be applied to the second source register, encoded in “stypetype’:
stypetype _ <shifttype>

00 LSL
01 LSR
10 ASR
11 ROR
<Rs> Is the third general-purpose source register holding a shift amount in its bottom 8 bits, encoded in the "Rs" field.

Operation

if ConditionPassed() then
EncodingSpecificOperations () ;
shift n = UInt(R[s]<7:0>);
shifted = Shift (R[m], shift t, shift n, PSTATE.C);
(result, nzcv) = AddWithCarry (NOT(R[n]), shifted, '1l'");
R[d] = result;
if setflags then
PSTATE.<N, Z,C,V> = nzcv;
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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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RSC, RSCS (register)

Reverse Subtract with Carry (register) subtracts a register value and the value of NOT (Carry flag) from an optionally-shifted register value, and writes
the result to the destination register.
If the destination register is not the PC, the RSCS variant of the instruction updates the condition flags based on the result.
The field descriptions for <Rd> identify the encodings where the PC is permitted as the destination register. ARM deprecates any use of these
encodings. However, when the destination register is the PC:
» The RSC variant of the instruction is an interworking branch, see Pseudocode description of operations on the AArch32 general-purpose
registers and the PC.
* The RSCS variant of the instruction performs an exception return without the use of the stack. In this case:
o The PE branches to the address written to the PC, and restores PSTATE from SPSR_<current mode>.
o The PE checks SPSR_<current mode> for an illegal return event. See lllegal return events from AArch32 state.
o The instruction is UNDEFINED in Hyp mode.
o The instruction is CONSTRAINED UNPREDICTABLE in User mode and System mode.

A1
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 2 1 0

6 5 4 3
| =111 [0 0 0 O0[1 1 1][S] Rn | Rd | imm5 Istypetype| 0 | Rm |
cond

RSC, rotate right with extend (S == 0 && imm5 == 00000 && stypetype == 11)

RSC{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX

RSC, shift or rotate by value (S == 0 && !(imm5 == 00000 && stypetype == 11))

RSC{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

RSCS, rotate right with extend (S == 1 && imm5 == 00000 && stypetype == 11)

RSCS{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX

RSCS, shift or rotate by value (S ==1 && !(imm5 == 00000 && stypetype == 11))

RSCS{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

d = UInt(Rd); n = UInt(Rn); m = UInt(Rm); setflags = (S == "'1");
(shift t, shift n) = DecodeImmShift (stype, imm5) ;{Eype; FmmoS);

Assembler Symbols

<c> See Standard assembler syntax fields.
<g> See Standard assembler syntax fields.

<Rd> Is the general-purpose destination register, encoded in the "Rd" field. If omitted, this register is the same as <Rn>. Arm deprecates
using the PC as the destination register, but if the PC is used:
» For the RSC variant, the instruction is a branch to the address calculated by the operation. This is an interworking
branch, see Pseudocode description of operations on the AArch32 general-purpose registers and the PC.
» For the RSCS variant, the instruction performs an exception return, that restores PSTATE from SPSR_<current mode>.

<Rn> Is the first general-purpose source register, encoded in the "Rn" field. The PC can be used, but this is deprecated.
<Rm> Is the second general-purpose source register, encoded in the "Rm" field. The PC can be used, but this is deprecated.
<shift> Is the type of shift to be applied to the second source register, encoded in “stypetype’:
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stypetype <shift>

00 LSL
01 LSR
10 ASR
11 ROR
<amount> Is the shift amount, in the range 1 to 31 (when <shift>= LSL or ROR) or 1 to 32 (when <shift>= LSR or ASR) encoded in the

"imm35" field as <amount> modulo 32.

Operation

if ConditionPassed () then
EncodingSpecificOperations();
shifted = Shift(R[m], shift t, shift n, PSTATE.C);
(result, nzcv) = AddWithCarry (NOT (R[n]), shifted, PSTATE.C):;
if d == 15 then
if setflags then
ALUExceptionReturn (result) ;
else
ALUWritePC (result) ;

else
R[d] = result;
if setflags then
PSTATE.<N, Z,C,V> = nzcv;

Operational information

If CPSR.DIT is 1 and this instruction 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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RSC, RSCS (register-shifted register)

(new)

Reverse Subtract (register-shifted register) subtracts a register value and the value of NOT (Carry flag) from a register-shifted register value, and writes

the result to the destination register. It can optionally update the condition flags based on the result.

A1

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

[ =111 [o 0 0 0[1 1 1][S] Rn | Rd | Rs | 0 [stypetypd] 1 | Rm |
cond

Flag setting (S == 1)

RSCS{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, <shift><Eype> <Rs>

Not flag setting (S == 0)

RSC{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, <shift><type> <Rs>

UInt (Rm) ; s = UInt (Rs);
1'); shift t = DecodeRegShift (stype):;

d = UInt (Rd); n = UInt(Rn); m
setflags = (S == "

-(-t—ype->—;

if d == 15 || n == 15 || m == 15 || s == 15 then UNPREDICTABLE;

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.

<g> 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.

<shifttype> Is the type of shift to be applied to the second source register, encoded in “stypetype’:
stypetype _ <shifttype>

00 LSL
01 LSR
10 ASR
11 ROR
<Rs> Is the third general-purpose source register holding a shift amount in its bottom 8 bits, encoded in the "Rs" field.

Operation

if ConditionPassed() then
EncodingSpecificOperations () ;
shift n = UInt(R[s]<7:0>);
shifted = Shift (R[m], shift t, shift n, PSTATE.C);
(result, nzcv) = AddWithCarry (NOT(R[n]), shifted, PSTATE.C);
R[d] = result;
if setflags then
PSTATE.<N, Z,C,V> = nzcv;

RSC, RSCS (register-shifted register)
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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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SBC, SBCS (register)

Subtract with Carry (register) subtracts an optionally-shifted register value and the value of NOT (Carry flag) from a register value, and writes the
result to the destination register.
If the destination register is not the PC, the SBCS variant of the instruction updates the condition flags based on the result.
The field descriptions for <Rd> identify the encodings where the PC is permitted as the destination register. ARM deprecates any use of these
encodings. However, when the destination register is the PC:
» The SBC variant of the instruction is an interworking branch, see Pseudocode description of operations on the AArch32 general-purpose
registers and the PC.
* The SBCS variant of the instruction performs an exception return without the use of the stack. In this case:
o The PE branches to the address written to the PC, and restores PSTATE from SPSR_<current mode>.
o The PE checks SPSR_<current mode> for an illegal return event. See lllegal return events from AArch32 state.
o The instruction is UNDEFINED in Hyp mode.
o The instruction is CONSTRAINED UNPREDICTABLE in User mode and System mode.

It has encodings from the following instruction sets: A32 (Al )and T32 (Tl and T2).
A1
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 2 1 0

6 5 4 3
| =111 _|o 0 0 0|1 1 0S| Rn | Rd | imm5 stypetype| 0| Rm |
cond

SBC, rotate right with extend (S == 0 && imm5 == 00000 && stypetype == 11)

SBC{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX

SBC, shift or rotate by value (S == 0 && !(imm5 == 00000 && stypetype == 11))

SBC{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

SBCS, rotate right with extend (S == 1 && imm5 == 00000 && stypetype == 11)

SBCS{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX

SBCS, shift or rotate by value (S == 1 && !(imm5 == 00000 && stypetype == 11))

SBCS{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

d = UInt(Rd); n = UInt(Rn); m = UInt(Rm); setflags = (S == "'1");
(shift t, shift n) = DecodeImmShift (stype, imm5) ;{Eype; FmmoS);

T1
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
|01 0 00 0[O0 1 1 0] Rm | Rdn |
T

SBC<c>{<g>} {<Rdn>,} <Rdn>, <Rm> // (Inside IT block)

SBCS{<g>} {<Rdn>,} <Rdn>, <Rm> // (Outside IT block)

d = UInt (Rdn); n = UInt (Rdn); m = UInt (Rm); setflags = !InITBlock();
(shift t, shift n) = (SRType LSL, 0);

T2
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5 4 3 2 1 0 1514 13 12 11 10 9 8 7 6 5 4 3
1]s] Rn [(0)] imm3 | Rd | imm2 [stypetype) Rm |

15 14 13 12 11 10 9 8 7 6
111010 1[1 0 1

SBC, rotate right with extend (S == 0 && imm3 == 000 && imm2 == 00 && stypetype == 11)

SBC{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX

SBC, shift or rotate by value (S == 0 && !(imm3 == 000 && imm2 == 00 && stypetype == 11))

SBC<c>.W {<Rd>,} <Rn>, <Rm> // (Inside IT block, and <Rd>, <Rn>, <Rm> can be represented in T1)

SBC{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

SBCS, rotate right with extend (S == 1 && imm3 == 000 && imm2 == 00 && stypetype == 11)

SBCS{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX

SBCS, shift or rotate by value (S == 1 && !(imm3 == 000 && imm2 == 00 && stypetype == 11))

SBCS.W {<Rd>,} <Rn>, <Rm> // (Outside IT block, and <Rd>, <Rn>, <Rm> can be represented in T1)

SBCS{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

d = UInt(Rd); n = UInt(Rn); m = UInt(Rm); setflags = (S == "'1");
(shift t, shift n) = DecodeImmShift (stype, imm3:imm2) ;
; 3.3 o).
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.

<g> See Standard assembler syntax fields.

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

<Rd> For encoding A1: is the general-purpose destination register, encoded in the "Rd" field. If omitted, this register is the same as

<Rn>. Arm deprecates using the PC as the destination register, but if the PC is used:

* For the SBC variant, the instruction is a branch to the address calculated by the operation. This is an interworking
branch, see Pseudocode description of operations on the AArch32 general-purpose registers and the PC.
» For the SBCS variant, the instruction performs an exception return, that restores PSTATE from SPSR_<current_mode>.

For encoding T2: is the general-purpose destination register, encoded in the "Rd" field. If omitted, this register is the same as
<Rn>.

<Rn> For encoding Al: is the first general-purpose source register, encoded in the "Rn" field. The PC can be used, but this is
deprecated.

For encoding T2: is the first general-purpose source register, encoded in the "Rn" field.

<Rm> For encoding Al: is the second general-purpose source register, encoded in the "Rm" field. The PC can be used, but this is
deprecated.

For encoding T1 and T2: is the second general-purpose source register, encoded in the "Rm" field.

<shift> Is the type of shift to be applied to the second source register, encoded in “stypetype”:
stypetype <shift>
00 LSL
01 LSR
10 ASR
11 ROR
<amount> For encoding Al: is the shift amount, in the range 1 to 31 (when <shift>=LSL or ROR) or 1 to 32 (when <shift> = LSR or ASR)

encoded in the "imm5" field as <amount> modulo 32.
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For encoding T2: is the shift amount, in the range 1 to 31 (when <shift>= LSL or ROR) or 1 to 32 (when <shift> = LSR or ASR),
encoded in the "imm3:imm?2" field as <amount> modulo 32.

Operation

if ConditionPassed() then
EncodingSpecificOperations() ;
shifted = Shift(R[m], shift t, shift n, PSTATE.C);
(result, nzcv) = AddWithCarry(R[n], NOT (shifted), PSTATE.C);
if d == 15 then // Can only occur for A32 encoding
if setflags then
ALUExceptionReturn (result) ;
else
ALUWritePC (result) ;

else
R[d] = result;
if setflags then
PSTATE.<N, Z,C,V> = nzcv;

Operational information

If CPSR.DIT is 1 and this instruction 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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SBC, SBCS (register-shifted register)

Subtract with Carry (register-shifted register) subtracts a register-shifted register value and the value of NOT (Carry flag) from a register value, and

writes the result to the destination register. It can optionally update the condition flags based on the result.

A1
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
[ =111 [o 0 0 0[1 1 0[S] Rn | Rd | Rs | 0 [stypetypd] 1 | Rm |
cond
Flag setting (S == 1)
SBCS{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, <shift><Eype> <Rs>
Not flag setting (S == 0)
SBC{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, <shift><type> <Rs>
d = UInt (Rd); n = UInt(Rn); m = UInt(Rm); s = UInt (Rs);
setflags = (S == '1"); shift t = DecodeRegShift (stype):;
+eype)s
if d==15 || n == 15 || m == 15 || s == 15 then UNPREDICTABLE;

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.
<g> 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.
<shifttype> Is the type of shift to be applied to the second source register, encoded in “stypetype’:
stypetype _ <shifttype>
00 LSL
01 LSR
10 ASR
11 ROR
<Rs> Is the third general-purpose source register holding a shift amount in its bottom 8 bits, encoded in the "Rs" field.
Operation

if ConditionPassed() then
EncodingSpecificOperations () ;
shift n = UInt(R[s]<7:0>);
shifted = Shift (R[m], shift t, shift n, PSTATE.C);
(result, nzcv) = AddWithCarry(R[n], NOT (shifted),
R[d] = result;
if setflags then

PSTATE.<N, Z,C,V> = nzcv;

PSTATE.C) ;

SBC, SBCS (register-shifted register)
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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 (register)

Store Register (register) calculates an address from a base register value and an offset register value, stores a word from a register to memory. The

offset register value can optionally be shifted. For information about memory accesses see Memory accesses.

It has encodings from the following instruction sets: A32 (Al )and T32 (Tl and T2).

A1

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

[ =111 o 1 1[Plufo[w]|o] Rn | Rt | imm5 stypetype] 0 | |
cond

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

STR{<c>}{<g>} <Rt>, [<Rn>, {+/-}<Rm>{, <shift>}]

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

STR{<c>}{<g>} <Rt>, [<Rn>], {+/-}<Rm>{, <shift>}

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

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

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

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

index = (P == '1"); add = (U == '1'"); wback = (P == '0") || (W== "1");
(shift t, shift n) = DecodeImmShift (stype, imm5) ;

“Eype,—immo )

if m == 15 then UNPREDICTABLE;

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

CONSTRAINED UNPREDICTABLE behavior

Ifwback && 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.

Ifwback && 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

%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
o1 0 1]of/olo] Rm | Rn | Rt |

STR (register)
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T

STR{<c>} {<gq>} <Rt>, [<Rn>, {+}<Rm>]

t = UInt(Rt); n = UInt(Rn); m = UInt(Rm);
index = TRUE; add = TRUE; wback = FALSE;

(shift t, shift n) = (SRType LSL, 0);
T2
%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2
[1 1111000 0[1 0[0] =111 | Rt [0 0 0 0 0 Ofimm2] Rm |
Rn
T2
STR{<c>}.W <Rt>, [<Rn>, {+}<Rm>] // (<Rt>, <Rn>, <Rm> can be represented in T1)
STR{<c>}{<g>} <Rt>, [<Rn>, {+}<Rm>{, LSL #<imm>}]
if Rn == '1111' then UNDEFINED;
t = UInt(Rt); n = UInt(Rn); m = UInt(Rm);
index = TRUE; add = TRUE; wback = FALSE;
(shift t, shift n) = (SRType LSL, UInt (imm2)) ;
if t == 15 || == 15 then UNPREDICTABLE; // Armv8-A removes UNPREDICTABLE for R13

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.

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.

<g> See Standard assembler syntax fields.

<Rt> 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 and T2: is the general-purpose register to be transferred, encoded in the "Rt" field.

<Rn> For encoding A1: 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 and T2: is the general-purpose base register, encoded in the "Rn" field.

+/- Specifies the index register is added to or subtracted from the base register, defaulting to + if omitted and encoded in “U”:
U +/-
O -
1 +
+ Specifies the index register is added to the base register.
<Rm> Is the general-purpose index register, encoded in the "Rm" field.
<shift> The shift to apply to the value read from <Rm>. If absent, no shift is applied. Otherwise, see Shifis applied to a register.
<imm> If present, the size of the left shift to apply to the value from <Rm>, in the range 1-3. <imm> is encoded in imm?. If absent, no

shift is specified and imm?2 is encoded as 0b00.

STR (register)
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Operation

if ConditionPassed()

EncodingSpecificOperations () ;

then

offset = Shift(R[m],

offset addr = if add then

shift n, PSTATE.C);
+ offset) else (R[n] - offset);

address = if index then offset addr else R[n];
// Only possible for encoding Al

if t == 15 then

data = PCStoreValue();

else
data = R[t];

MemU [address, 4] = data;

if wback then R[n] =

Operational information

offset addr;

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

(old)
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STRB

(old) htmldiff from-

(register)

(new)

Store Register Byte (register) calculates an address from a base register value and an offset register value, and stores a byte from a register to memory.
The offset register value can optionally be shifted. For information about memory accesses see Memory accesses.

It has encodings from the following instruction sets: A32 (Al )and T32 (Tl and T2).

A1

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 2 1 0

[ =111 o 1 1[Plul1]w]o0] Rn | Rt | imm5 stypetype] 0 | Rm |
cond

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

STRB{

<c>}{<g>} <Rt>, [<Rn>, {+/-}<Rm>{, <shift>}]

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

STRB{

<c>}{<g>} <Rt>, [<Rn>], {+/-}<Rm>{, <shift>}

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

STRB{<c>}{<g>} <Rt>, [<Rn>, {+/-}<Rm>{, <shift>}]!

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

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

index = (P == '1"); add = (U == '1'"); wback = (P == '0") || (W== "1");
(shift t, shift n) = DecodeImmShift (stype, imm5) ;

(type, imm5);

if t == 15 || m == 15 then UNPREDICTARBLE;

if wback && (n == 15 || n == t) 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.

Ifwback && 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.

Ifwback && 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 1 10 9 8 7 6 5 4 3 2 1 0
o1 0 1]o]1]o] Rm | Rn | Rt |

STRB (register)
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T

STRB{<c>} {<g>} <Rt>, [<Rn>, {+}<Rm>]

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

index = TRUE; add = TRUE; wback = FALSE;

(shift t, shift n) = (SRType LSL, 0);

T2

%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

[1 111100 0 0[]0 0f[0o] =111 | Rt [0 0 0 0 0 Ofimm2] Rm |
Rn

T2

STRB{<c>}.W <Rt>, [<Rn>, {+}<Rm>] // (<Rt>, <Rn>, <Rm> can be represented in T1)

STRB{<c>}{<g>} <Rt>, [<Rn>, {+}<Rm>{, LSL #<imm>}]

if Rn == '1111' then UNDEFINED;
t = UInt(Rt); n = UInt(Rn); m = UInt(Rm);

index = TRUE; add = TRUE; wback = FALSE;
(shift t, shift n) = (SRType LSL, UInt (imm2)) ;
if t == 15 || == 15 then UNPREDICTABLE; // Armv8-A removes UNPREDICTABLE for R13

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.

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

Assembler Symbols

<c>
<q>
<Rt>

<Rn>

+/-

+
<Rm>
<shift>

<imm>

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

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

For encoding A1: 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 and T2: is the general-purpose base register, encoded in the "Rn" field.
Specifies the index register is added to or subtracted from the base register, defaulting to + if omitted and encoded in “U”:
U +/-
O —
1 +

Specifies the index register is added to the base register.
Is the general-purpose index register, encoded in the "Rm" field.
The shift to apply to the value read from <Rm>. If absent, no shift is applied. Otherwise, see Shifts applied to a register.

If present, the size of the left shift to apply to the value from <Rm>, in the range 1-3. <imm> is encoded in imm?2. If absent, no
shift is specified and imm?2 is encoded as 0b00.
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Operation

if ConditionPassed() then
EncodingSpecificOperations () ;
offset = Shift(R[m], shift t, shift n, PSTATE.C);
offset addr = if add then (R[n] + offset) else (R[n] - offset);
address = if index then offset addr else R[n];
MemU [address, 1] = R[t]<7:0>;
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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STRBT

Store Register Byte Unprivileged stores a byte from a register to memory. For information about memory accesses see Memory accesses.
The memory access is restricted as if the PE were running in User mode. This makes no difference if the PE is actually running in User mode.

STRBT is UNPREDICTABLE in Hyp mode.

The T32 instruction uses an offset addressing mode, that calculates the address used for the memory access from a base register value and an

immediate offset, and leaves the base register unchanged.

The A32 instruction uses a post-indexed addressing mode, that uses a base register value as the address for the memory access, and calculates a new
address from a base register value and an offset and writes it back to the base register. The offset can be an immediate value or an optionally-shifted

register value.

It has encodings from the following instruction sets: A32 ( Al and A2 )and T32 (T1).

A1
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
[ =111 Jo 1 ofJofJu[1[1]0] Rn | Rt | imm12

cond

A1

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

t = UInt(Rt); n = UInt(Rn); postindex = TRUE; add = (U == '1");
register form = FALSE; 1imm32 = ZeroExtend(imml2, 32);
if £t == 15 || n == 15 || n == t then UNPREDICTABLE;

CONSTRAINED UNPREDICTABLE behavior

Ift == 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.

Ifn == 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.

Ifn == 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.

A2

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
=111 [0 1 1]oJu[1]1]0] Rn | Rt | imm5 Istypetype| 0 | Rm

cond

STRBT
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A2

STRBT{<c>}{<g>} <Rt>, [<Rn>], {+/-}<Rm>{, <shift>}

t = UInt(Rt); n = UInt(Rn); m = UInt(Rm); postindex = TRUE; add = (U == '1");
register form = TRUE; (shift t, shift n) = DecodeImmShift/(stype, imm)) ;
(type, immb5);

if £t == 15 || n == 15 || n ==t || m == 15 then UNPREDICTABLE;

CONSTRAINED UNPREDICTABLE behavior

Ift == 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.

If 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.

Ifn == 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 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2

1111100 00[00[0] =111 | Rt [1 1 1 0] imm8
Rn

T

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

if Rn == '1111' then UNDEFINED;

t = UInt(Rt); n = UInt(Rn); postindex = FALSE; add = TRUE;

register form = FALSE; 1imm32 = ZeroExtend(imm8, 32);

if t == 15 then UNPREDICTABLE; // Armv8-A removes UNPREDICTABLE for R13

CONSTRAINED UNPREDICTABLE behavior

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

e 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> See Standard assembler syntax fields.

<q> See Standard assembler syntax fields.

<Rt> For encoding A1: is the general-purpose register to be transferred, encoded in the "Rt" field. The PC can be used, but this is
deprecated.

STRBT
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For encoding A2 and T1: is the general-purpose register to be transferred, encoded in the "Rt" field.

<Rn> Is the general-purpose base register, encoded in the "Rn" field.
+/- For encoding Al: specifies the offset is added to or subtracted from the base register, defaulting to + if omitted and encoded in “U”:
U +/-
O -
1 +
For encoding A2: specifies the index register is added to or subtracted from the base register, defaulting to + if omitted and encoded
in “U”:
U +/-
o -
1 +
<Rm> Is the general-purpose index register, encoded in the "Rm" field.
<shift> The shift to apply to the value read from <Rm>. If absent, no shift is applied. Otherwise, see Shifts applied to a register.
+ Specifies the offset is added to the base register.
<imm> For encoding Al: is the 12-bit unsigned immediate byte offset, in the range 0 to 4095, defaulting to 0 if omitted, and encoded in
the "imm12" field.
For encoding T'1: is an optional 8-bit unsigned immediate byte offset, in the range 0 to 255, defaulting to 0 and encoded in the
"imm8" field.
Operation

if ConditionPassed() then

if PSTATE.EL == EL2 then UNPREDICTABLE; // Hyp mode
EncodingSpecificOperations () ;

offset = if register form then Shift (R[m], shift t, shift n, PSTATE.C) else imm32;
offset addr = if add then (R[n] + offset) else (R[n] - offset);

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

MemU unpriv[address,1l] = R[t]<7:0>;

if postindex then R[n] = offset addr;

CONSTRAINED UNPREDICTABLE behavior

If PSTATE.EL == EL2, then one of the following behaviors must occur:

The instruction is UNDEFINED.
The instruction executes as NOP.

The instruction executes as STRB (immediate).

Operational information

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 v00_96%00-88, pseudocode r8p5_00bet2_rc5v85-xml-00bet9—+el—t ; Build timestamp: 2019-03-28T072048-12-12F12:5933

Copyright © 2010-20192040-2648 Arm Limited or its affiliates. All rights reserved. This document is Non-Confidential.

(old) htmldiff from- (new)

STRBT Page 123


ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.ConditionPassed.0
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#EL2
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.Shift.4
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.R.read.1
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.R.read.1
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.R.read.1
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.R.read.1
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.MemU_unpriv.write.2
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.R.read.1
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.R.write.1

(old) htmldiff from- (new)

STRT

Store Register Unprivileged stores a word from a register to memory. For information about memory accesses see Memory accesses.

The memory access is restricted as if the PE were running in User mode. This makes no difference if the PE is actually running in User mode.

STRT is UNPREDICTABLE in Hyp mode.

The T32 instruction uses an offset addressing mode, that calculates the address used for the memory access from a base register value and an

immediate offset, and leaves the base register unchanged.

The A32 instruction uses a post-indexed addressing mode, that uses a base register value as the address for the memory access, and calculates a new
address from a base register value and an offset and writes it back to the base register. The offset can be an immediate value or an optionally-shifted

register value.

It has encodings from the following instruction sets: A32 ( Al and A2 )and T32 (T1).

A1
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
[ =111 Jo 1 ofJofJulo[1]o0] Rn | Rt | imm12
cond
A1
STRT{<c>}{<g>} <Rt>, [<Rn>] {, #{+/-}<imm>}
t = UInt(Rt); n = UInt(Rn); postindex = TRUE; add = (U == '1");
register_form = FALSE; imm32 = ZeroExtend (imml2, 32);
if n == 15 || n == t then UNPREDICTABLE;
CONSTRAINED UNPREDICTABLE behavior
Ifn == 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.
Ifn == 15, then one of the following behaviors must occur:
e 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.
A2
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
[ =111 o 1 1]ofufo[1]0] Rn | Rt | imm5 Istypetype| 0 | Rm |

cond

A2

STRT{<c>}{<g>} <Rt>, [<Rn>], {+/-}<Rm>{, <shift>}

t = UInt(Rt); n = UInt(Rn); m = UInt(Rm); postindex = TRUE; add = (U == '1");
register form = TRUE; (shift t, shift n) = DecodeImmShift/(stype, imm)) ;

(type, immb5);

if n == 15 || n ==t || m == 15 then UNPREDICTABLE;

STRT
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CONSTRAINED UNPREDICTABLE behavior

Ifn == 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 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
%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[1 1111 00 0 0[1 0[0] =111 | Rt [1 1 1 0] imm8

Rn

T

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

if Rn == '1111' then UNDEFINED;

t = UInt(Rt); n = UInt(Rn); postindex = FALSE; add = TRUE;

register form = FALSE; imm32 = ZeroExtend (imm8, 32);

if t == 15 then UNPREDICTABLE; // Armv8-A removes UNPREDICTABLE for R13

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.

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.
<gq> See Standard assembler syntax fields.
<Rt> For encoding A1 and A2: 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: is the general-purpose register to be transferred, encoded in the "Rt" field.

<Rn> Is the general-purpose base register, encoded in the "Rn" field.
+/- For encoding Al: specifies the offset is added to or subtracted from the base register, defaulting to + if omitted and encoded in “U”:
U +/-
O —
1 +
For encoding A2: specifies the index register is added to or subtracted from the base register, defaulting to + if omitted and encoded
in “U”:
U +/-
O -
1 +
<Rm> Is the general-purpose index register, encoded in the "Rm" field.
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<shift> The shift to apply to the value read from <Rm>. If absent, no shift is applied. Otherwise, see Shifts applied to a register.

+ Specifies the offset is added to the base register.

<imm> For encoding Al: is the 12-bit unsigned immediate byte offset, in the range 0 to 4095, defaulting to 0 if omitted, and encoded in

the "imm12" field.

For encoding T1: is an optional 8-bit unsigned immediate byte offset, in the range 0 to 255, defaulting to 0 and encoded in the

"imm8" field.

Operation

if ConditionPassed() then
if PSTATE.EL == EL2 then UNPREDICTABLE; // Hyp mode
EncodingSpecificOperations() ;

offset = if register form then Shift (R[m], shift t, shift n, PSTATE.C)

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

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

if t == 15 then // Only possible for encodings Al and A2
data = PCStoreValue();

else
data = R[t];

MemU unpriv[address,4] = data;

if postindex then R[n] = offset addr;
CONSTRAINED UNPREDICTABLE behavior

If PSTATE.EL == EL2, then one of the following behaviors must occur:

* The instruction is UNDEFINED.
+ The instruction executes as NOP.

* The instruction executes as STR (immediate).

Operational information

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

else imm32;
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(o1d)

SUB, SUBS (register)

Subtract (register) subtracts an optionally-shifted register value from a register value, and writes the result to the destination register.
If the destination register is not the PC, the SUBS variant of the instruction updates the condition flags based on the result.

htmldiff from-

The field descriptions for <Rd> identify the encodings where the PC is permitted as the destination register. However, when the destination register is

the PC:

* The SUB variant of the instruction is an interworking branch, see Pseudocode description of operations on the AArch32 general-purpose

registers and the PC.

* The SUBS variant of the instruction performs an exception return without the use of the stack. Arm deprecates use of this instruction.

However, in this case:

o The PE branches to the address written to the PC, and restores PSTATE from SPSR_<current mode>.
o The PE checks SPSR_<current mode> for an illegal return event. See lllegal return events from AArch32 state.
o The instruction is UNDEFINED in Hyp mode.

o The instruction is CONSTRAINED UNPREDICTABLE in User mode and System mode.

It has encodings from the following instruction sets: A32 (Al )and T32 (Tl and T2).

A1

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

| =111 [0 0 0 0[O0 1

0fs]|

I= 1101 | Rd | imm5

6 5 4 3
[stypetype] O |

cond

SUB, rotate right with extend (S == 0 && imm5 == 00000 && stypetype == 11)

SUB{<c>}{<g>} {<Rd>,} <Rn>, <

Rm>,

RRX

SUB, shift or rotate by value (S == 0 && !(imm5 == 00000 && stypefype == 11))

SUB{<c>} {<gq>} {<Rd>,} <Rn>, <Rm> {,

<shift> #<amount>}

SUBS, rotate right with extend (S == 1 && imm5 == 00000 && stypetype == 11)

SUBS{<c>}{<g>} {<Rd>,} <Rn>,

<Rm>,

RRX

SUBS, shift or rotate by value (S == 1 && !(imm5 == 00000 && stypetype == 11))

SUBS{<c>}{<g>} {<Rd>,} <Rn>,

if Rn == '1101' then SEE "SUB
d = UInt (Rd); n = UInt (Rn);

<Rm>

{

<shift> #<amount>}

(SP minus register)";

m =

UInt (Rm); setflags = (S == '1");

(shift t, shift n) = DecodeImmShift (stype, imm5) ;{Eype; FmmoS);

T1

15 14 13 12 11 10 9 8 7 6

0001 1 0]1] Rm |

T1

SUB<c>{<g>} <Rd>, <Rn>, <Rm>
SUBS{<g>} {<Rd>,} <Rn>, <Rm>

d = UInt (Rd); n = UInt(Rn);

// (Inside IT block)

// (Outside IT block)

m =

(shift t, shift n) = (SRType

T2

LSL,

UInt (Rm) ; setflags = !InITBlock();

0);
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6 5 4 3 2 1 0 1514 13 12 11 10 9 8 7 6 5 4 3
0 1]s] !'=1101 [©)] imm3 | Rd | imm2 [stypetype) Rm |
Rn

15 14 13 12 11 10 9 8 7
1711010 1[1 1

SUB, rotate right with extend (S == 0 && imm3 == 000 && imm2 == 00 && stypetype == 11)
SUB{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX
SUB, shift or rotate by value (S == 0 && !(imm3 == 000 && imm2 == 00 && stypetype == 11))

SUB<c>.W {<Rd>,} <Rn>, <Rm> // (Inside IT block, and <Rd>, <Rn>, <Rm> can be represented in T1)

SUB{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

SUBS, rotate right with extend (S == 1 && imm3 == 000 && Rd != 1111 && imm2 == 00 && stypetype == 11)
SUBS{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, RRX

SUBS, shift or rotate by value (S == 1 && !(imm3 == 000 && imm2 == 00 && stypetype == 11) && Rd != 1111)

SUBS.W {<Rd>,} <Rn>, <Rm> // (Outside IT block, and <Rd>, <Rn>, <Rm> can be represented in T1)

SUBS{<c>}{<g>} {<Rd>,} <Rn>, <Rm> {, <shift> #<amount>}

if Rd == '1111"' && S == '1' then SEE "CMP (register)";
if Rn == '1101' then SEE "SUB (SP minus register)";
d = UInt(Rd); n = UInt(Rn); m = UInt(Rm); setflags = (S == "'1");
(shift t, shift n) = DecodeImmShift (stype, imm3:imm2) ;
3 o,
if (d == 15 && !setflags) || 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.
<g> See Standard assembler syntax fields.
<Rd> For encoding Al: is the general-purpose destination register, encoded in the "Rd" field. If omitted, this register is the same as

<Rn>. Arm deprecates using the PC as the destination register, but if the PC is used:
» For the SUB variant, the instruction is a branch to the address calculated by the operation. This is an interworking
branch, see Pseudocode description of operations on the AArch32 general-purpose registers and the PC.
» For the SUBS variant, the instruction performs an exception return, that restores PSTATE from SPSR_<current mode>.

For encoding T1 and T2: is the general-purpose destination register, encoded in the "Rd" field. If omitted, this register is the same

as <Rn>.

<Rn> For encoding A1l: is the first general-purpose source register, encoded in the "Rn" field. The PC can be used, but this is
deprecated. If the SP is used, see SUB (SP minus register).

For encoding T1: is the first general-purpose source register, encoded in the "Rn" field.

For encoding T2: is the first general-purpose source register, encoded in the "Rn" field. If the SP is used, see SUB (SP minus
register).

<Rm> For encoding Al: is the second general-purpose source register, encoded in the "Rm" field. The PC can be used, but this is
deprecated.

For encoding T1 and T2: is the second general-purpose source register, encoded in the "Rm" field.

<shift> Is the type of shift to be applied to the second source register, encoded in “stypetype’:
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stypetype <shift>

00 LSL
01 LSR
10 ASR
11 ROR
<amount> For encoding A1: is the shift amount, in the range 1 to 31 (when <shift>= LSL or ROR) or 1 to 32 (when <shift>= LSR or ASR)

encoded in the "imm5" field as <amount> modulo 32.

For encoding T2: is the shift amount, in the range 1 to 31 (when <shift>=LSL or ROR) or 1 to 32 (when <shift>= LSR or ASR),
encoded in the "imm3:imm2" field as <amount> modulo 32.

Operation

if ConditionPassed() then
EncodingSpecificOperations () ;
shifted = Shift (R[m], shift t, shift n, PSTATE.C);
(result, nzcv) = AddWithCarry(R[n], NOT(shifted), '1l'");
if d == 15 then // Can only occur for A32 encoding
if setflags then
ALUExceptionReturn (result) ;
else
ALUWritePC (result);

else
R[d] = result;
if setflags then
PSTATE.<N, Z,C,V> = nzcv;

Operational information

If CPSR.DIT is 1 and this instruction 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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(old) htmldiff from-

SUB, SUBS (register-shifted register)

(new)

Subtract (register-shifted register) subtracts a register-shifted register value from a register value, and writes the result to the destination register. It can

optionally update the condition flags based on the result.

A1
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
[ =111 [o 0 0 0[O0 1 0[S] Rn | Rd | Rs | 0 [stypetypd] 1 | Rm |
cond
Flag setting (S == 1)
SUBS{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, <shift><Eype> <Rs>
Not flag setting (S == 0)
SUB{<c>}{<g>} {<Rd>,} <Rn>, <Rm>, <shift><type> <Rs>
d = UInt (Rd); n = UInt(Rn); m = UInt(Rm); s = UInt (Rs);
setflags = (S == '1"); shift t = DecodeRegShift (stype):;
+eype)s
if d==15 || n == 15 || m == 15 || s == 15 then UNPREDICTABLE;

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.
<g> 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.
<shifttype> Is the type of shift to be applied to the second source register, encoded in “stypetype’:
stypetype _ <shifttype>
00 LSL
01 LSR
10 ASR
11 ROR
<Rs> Is the third general-purpose source register holding a shift amount in its bottom 8 bits, encoded in the "Rs" field.
Operation

if ConditionPassed () then

EncodingSpecificOperations () ;
shift n = UInt(R[s]<7:0>);
shifted = Shift (R[m], shift t, shift n, PSTATE.C);
(result, nzcv) = AddWithCarry(R[n], NOT(shifted), '1l'");
R[d] = result;
if setflags then

PSTATE.<N, Z,C,V> = nzcv;

SUB, SUBS (register-shifted register)
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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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(old) htmldiff from- (new)

SUB, SUBS (SP minus register)

Subtract from SP (register) subtracts an optionally-shifted register value from the SP value, and writes the result to the destination register.
If the destination register is not the PC, the SUBS variant of the instruction updates the condition flags based on the result.
The field descriptions for <Rd> identify the encodings where the PC is permitted as the destination register. If the destination register is the PC:
* The SUB variant of the instruction is an interworking branch, see Pseudocode description of operations on the AArch32 general-purpose
registers and the PC.
* The SUBS variant of the instruction performs an exception return without the use of the stack. Arm deprecates use of this instruction.
However, in this case:
o The PE branches to the address written to the PC, and restores PSTATE from SPSR_<current mode>.
o The PE checks SPSR_<current mode> for an illegal return event. See lllegal return events from AArch32 state.
o The instruction is UNDEFINED in Hyp mode.
o The instruction is CONSTRAINED UNPREDICTABLE in User mode and System mode.

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

A1
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
| =111 [0 0 0 0[O0 1 O[S|[1 1 0 1] Rd | imm5 Istypetype| 0 | Rm |
cond
SUB, rotate right with extend (S == 0 && imm5 == 00000 && stypetype == 11)
SUB{<c>}{<g>} {<Rd>,} SP, <Rm> , RRX
SUB, shift or rotate by value (S == 0 && !(imm5 == 00000 && stypefype == 11))
SUB{<c>}{<g>} {<Rd>,} SP, <Rm> {, <shift> #<amount>}
SUBS, rotate right with extend (S == 1 && imm5 == 00000 && stypetype == 11)
SUBS{<c>}{<g>} {<Rd>,} SP, <Rm> , RRX
SUBS, shift or rotate by value (S == 1 && !(imm5 == 00000 && stypetype == 11))
SUBS{<c>}{<g>} {<Rd>,} SP, <Rm> {, <shift> #<amount>}
d = UInt(Rd); m = UInt(Rm); setflags = (S == '1");
(shift_t, shift n) = DecodeImmShift (stype, imm5) ;{Eype,SmmS);
™
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15141312 11 10 9 8 7 6 5 4 3 2 1 0
1711010 1[1 10 1[s]1 10 1[0 imm3 | Rd | imm2 [stypetype) Rm |
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SUB, rotate right with extend (S == 0 && imm3 == 000 && imm2 == 00 && stypetype == 11)
SUB{<c>}{<g>} {<Rd>,} SP, <Rm>, RRX
SUB, shift or rotate by value (S == 0 && !(imm3 == 000 && imm2 == 00 && stypetype == 11))

SUB{<c>}.W {<Rd>,} SP, <Rm> // (<Rd>, <Rm> can be represented in Tl or T2)

SUB{<c>}{<g>} {<Rd>,} SP, <Rm> {, <shift> #<amount>}
SUBS, rotate right with extend (S == 1 && imm3 == 000 && Rd != 1111 && imm2 == 00 && stypetype == 11)
SUBS{<c>}{<g>} {<Rd>,} SP, <Rm>, RRX

SUBS, shift or rotate by value (S == 1 && !(imm3 == 000 && imm2 == 00 && stypefype == 11) && Rd != 1111)

SUBS{<c>}{<g>} {<Rd>,} SP, <Rm> {, <shift> #<amount>}

if Rd == '1111"' && S == '1' then SEE "CMP (register)";

d = UInt(Rd); m = UInt(Rm); setflags = (S == '1");

(shift t, shift n) = DecodeImmShift (stype, imm3:imm2) ;
3 e L)

if (d == 15 && !setflags) || 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> For encoding A1: is the general-purpose destination register, encoded in the "Rd" field. If omitted, this register is the SP. Arm

deprecates using the PC as the destination register, but if the PC is used:

* For the SUB variant, the instruction is a branch to the address calculated by the operation. This is an interworking
branch, see Pseudocode description of operations on the AArch32 general-purpose registers and the PC.
* For the SUBS variant, the instruction performs an exception return, that restores PSTATE from SPSR_<current mode>.

For encoding T1: is the general-purpose destination register, encoded in the "Rd" field. If omitted, this register is the SP.

<Rm> For encoding Al: is the second general-purpose source register, encoded in the "Rm" field. The PC can be used, but this is
deprecated.

For encoding T1: is the second general-purpose source register, encoded in the "Rm" field.

<shift> Is the type of shift to be applied to the second source register, encoded in “stypetype”:
stypetype <shift>
00 LSL
01 LSR
10 ASR
11 ROR
<amount> For encoding Al: is the shift amount, in the range 1 to 31 (when <shift>= LSL or ROR) or 1 to 32 (when <shift>= LSR or ASR)

encoded in the "imm5" field as <amount> modulo 32.

For encoding T1: is the shift amount, in the range 1 to 31 (when <shift>= LSL or ROR) or 1 to 32 (when <shift>= LSR or ASR),

encoded in the "imm3:imm2" field as <amount> modulo 32.
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Operation

if ConditionPassed() then
EncodingSpecificOperations () ;
shifted = Shift(R[m], shift t, shift n, PSTATE.C);
(result, nzcv) = AddWithCarry(SP, NOT (shifted), '1l'");
if d == 15 then // Can only occur for A32 encoding
if setflags then
ALUExceptionReturn (result) ;
else
ALUWritePC (result) ;

else
R[d] = result;
if setflags then
PSTATE.<N, Z,C,V> = nzcv;
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TEQ (register)

Test Equivalence (register) performs a bitwise exclusive OR operation on a register value and an optionally-shifted register value. It updates the
condition flags based on the result, and discards the result.

It has encodings from the following instruction sets: A32 ( Al )and T32 (T1).
A1
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 2 1.0

7 6 5 4 3
[ =111 [o 0 0 1 0f[0 1[1] Rn [(0)[(0)](0)](0)] imm5 stypetype] 0 | Rm |
cond

Rotate right with extend (imm5 == 00000 && stypetype == 11)

TEQ{<c>}{<g>} <Rn>, <Rm>, RRX

Shift or rotate by value (!(imm5 == 00000 && stypetype == 11))

TEQ{<c>}{<g>} <Rn>, <Rm> {, <shift> #<amount>}

n = UInt(Rn); m = UInt(Rm);
(shift t, shift n) = DecodeImmShift (stype, imm5) ;{Eype; FmmsS);

T1

15 14 13 12 11 10 9 8 7
1

4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
1711010 1]0 1

6 5
0 0[1] Rn [(0) imm3 [1 1 1 1 [imm2 [stypetypel Rm |

Rotate right with extend (imm3 == 000 && imm2 == 00 && stypetype == 11)

TEQ{<c>}{<g>} <Rn>, <Rm>, RRX

Shift or rotate by value (!(imm3 == 000 && imm2 == 00 && stypefype == 11))

TEQ{<c>} {<g>} <Rn>, <Rm> {, <shift> #<amount>}

n = UInt(Rn); m = UlInt(Rm);

(shift t, shift n) = DecodeImmShift (stype, imm3:imm2) ;
s o3 L)
if 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.

<g> See Standard assembler syntax fields.

<Rn> For encoding Al: is the first general-purpose source register, encoded in the "Rn" field. The PC can be used, but this is
deprecated.

For encoding T1: is the first general-purpose source register, encoded in the "Rn" field.

<Rm> For encoding Al: is the second general-purpose source register, encoded in the "Rm" field. The PC can be used, but this is
deprecated.

For encoding T1: is the second general-purpose source register, encoded in the "Rm" field.

<shift> Is the type of shift to be applied to the second source register, encoded in “stypetype”:
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stypetype <shift>

00 LSL
01 LSR
10 ASR
11 ROR
<amount> For encoding A1: is the shift amount, in the range 1 to 31 (when <shift>= LSL or ROR) or 1 to 32 (when <shift>= LSR or ASR)

encoded in the "imm5" field as <amount> modulo 32.

For encoding T1: is the shift amount, in the range 1 to 31 (when <shift>=LSL or ROR) or 1 to 32 (when <shift> = LSR or ASR),
encoded in the "imm3:imm2" field as <amount> modulo 32.

Operation

if ConditionPassed() then
EncodingSpecificOperations () ;

(shifted, carry) = Shift C(R[m], shift t, shift n, PSTATE.C);
result = R[n] EOR shifted;

PSTATE.N = result<31>;

PSTATE.Z = IsZeroBit (result);

PSTATE.C = carry;

// PSTATE.V unchanged

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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TEQ (register-shifted register)

Test Equivalence (register-shifted register) performs a bitwise exclusive OR operation on a register value and a register-shifted register value. It
updates the condition flags based on the result, and discards the result.

A1

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
[ =111 [o 0 0 1 0f[0 1[1] Rn [(0)[(0)](0)](0)] Rs | 0 [stypetypd] 1 | Rm |
cond

A1

TEQ{<c>}{<g>} <Rn>, <Rm>, <type> <Rs>

n = UInt(Rn); m = UInt(Rm); s = UInt(Rs);
shift t = DecodeRegShift (stype):;

(eype):
if n == 15 || m == 15 || s == 15 then UNPREDICTABLE;

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.
<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.
<type> Is the type of shift to be applied to the second source register, encoded in “stypetype’:
stypetype <type>
00 LSL
01 LSR
10 ASR
11 ROR
<Rs> Is the third general-purpose source register holding a shift amount in its bottom 8 bits, encoded in the "Rs" field.
Operation

if ConditionPassed() then
EncodingSpecificOperations() ;
shift n = UInt(R[s]<7:0>);

(shifted, carry) = Shift C(R[m], shift t, shift n, PSTATE.C);
result = R[n] EOR shifted;
PSTATE.N = result<31>;

PSTATE.Z = IsZeroBit (result);
PSTATE.C = carry;
// PSTATE.V unchanged

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.
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The values of the NZCV flags.
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TST (register)

Test (register) performs a bitwise AND operation on a register value and an optionally-shifted register value. It updates the condition flags based on the
result, and discards the result.

It has encodings from the following instruction sets: A32 (Al )and T32 (Tl and T2).
A1
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 2 1.0

7 6 5 4 3
[ =111 [o 0 0 1 00 O[1] Rn [(0)[(0)](0)](0)] imm5 stypetype] 0 | Rm |
cond

Rotate right with extend (imm5 == 00000 && stypetype == 11)

TST{<c>}{<g>} <Rn>, <Rm>, RRX

Shift or rotate by value (!(imm5 == 00000 && stypetype == 11))

TST{<c>}{<g>} <Rn>, <Rm> {, <shift> #<amount>}

n = UInt(Rn); m = UInt(Rm);

(shift t, shift n) = DecodeImmShift (stype, imm5) ;{Eype; FmmsS);
T

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

001 0 0 0 0[1 00 O] Rm | Rn |

T

TST{<c>}{<g>} <Rn>, <Rm>

n = UInt(Rn); m = UInt(Rm);
(shift t, shift n) = (SRType LSL, 0);

T2

%5 14 13 12 1 10 9 8 7 6 5
1711010 1[0 0 0 0]

4 3 2 1 0 1514 1312 1110 9 8 7 6 5 4 3 2 1 0
1] Rn [(0) imm3 [1 1 1 1 [imm2 [stypetype] Rm |

Rotate right with extend (imm3 == 000 && imm2 == 00 && stypetype == 11)

TST{<c>}{<g>} <Rn>, <Rm>, RRX

Shift or rotate by value (!(imm3 == 000 && imm2 == 00 && stypefype == 11))

TST{<c>}.W <Rn>, <Rm> // (<Rn>, <Rm> can be represented in T1)
TST{<c>}{<g>} <Rn>, <Rm> {, <shift> #<amount>}

n = UInt(Rn); m = UInt(Rm);

(shift t, shift n) = DecodeImmShift (stype, imm3:imm2) ;
3 o,
if 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.
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Assembler Symbols

<c> See Standard assembler syntax fields.

<q> See Standard assembler syntax fields.

<Rn> For encoding A1: is the first general-purpose source register, encoded in the "Rn" field. The PC can be used, but this is
deprecated.

For encoding T1 and T2: is the first general-purpose source register, encoded in the "Rn" field.

<Rm> For encoding Al: is the second general-purpose source register, encoded in the "Rm" field. The PC can be used, but this is
deprecated.

For encoding T1 and T2: is the second general-purpose source register, encoded in the "Rm" field.

<shift> Is the type of shift to be applied to the second source register, encoded in “stypetype”:
stypetype <shift>
00 LSL
01 LSR
10 ASR
11 ROR
<amount> For encoding Al: is the shift amount, in the range 1 to 31 (when <shift>= LSL or ROR) or 1 to 32 (when <shift>= LSR or ASR)

encoded in the "imm5" field as <amount> modulo 32.

For encoding T2: is the shift amount, in the range 1 to 31 (when <shift>= LSL or ROR) or 1 to 32 (when <shift>= LSR or ASR),
encoded in the "imm3:imm?2" field as <amount> modulo 32.

Operation

if ConditionPassed() then
EncodingSpecificOperations () ;

(shifted, carry) = Shift C(R[m], shift t, shift n, PSTATE.C);
result = R[n] AND shifted;

PSTATE.N = result<31>;

PSTATE.Z = IsZeroBit (result);

PSTATE.C = carry;

// PSTATE.V unchanged

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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TST (register-shifted register)

Test (register-shifted register) performs a bitwise AND operation on a register value and a register-shifted register value. It updates the condition flags
based on the result, and discards the result.

A1

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
[ =111 Jo 0o 0o 1 0o o[1] Rn_ JOIO@[O[©] Rs [0 [stypetype 1] |
cond

A1

TST{<c>}{<g>} <Rn>, <Rm>, <type> <Rs>

n = UInt(Rn); m = UInt(Rm); s = UInt(Rs);

shift t = DecodeRegShift (stype):;
{eype)s-

if n

= 15 |

| m == 15 || s == 15 then UNPREDICTABLE;

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

Assembler Symbols

<c>
<q>
<Rn>
<Rm>
<type>

<Rs>

See Standard assembler syntax fields.
See Standard assembler syntax fields.
Is the first general-purpose source register, encoded in the "Rn" field.

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

Is the type of shift to be applied to the second source register, encoded in “stypetype’:

stypetype <type>

00 LSL
01 LSR
10 ASR
11 ROR

Operation

Is the third general-purpose source register holding a shift amount in its bottom 8 bits, encoded in the "Rs" field.

if ConditionPassed() then

Encoding
shift n

(shifted
result =
PSTATE.N
PSTATE.Z
PSTATE.C
// PSTAT

SpecificOperations();

= UInt (R[s]<7:0>);

, carry) = Shift C(R[m], shift t, shift n, PSTATE.C);
R[n] AND shifted;

result<31>;

= IsZeroBit (result);

= carry;

E.V unchanged

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

o

The values of the data supplied in any of its registers.
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.

TST (register-shifted register)
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The values of the NZCV flags.
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WFE

Wait For Event is a hint instruction that indicates that the PE can enter a low-power state and remain there until a wakeup event occurs. Wakeup events
include the event signaled as a result of executing the SEV instruction on any PE in the multiprocessor system. For more information, see Wait For
Event and Send Event.

As described in Wait For Event and Send Event, the execution of a WE'E instruction that would otherwise cause entry to a low-power state can be

trapped to a higher Exception level, see:

* Traps to Undefined mode of PL0 execution of WFE and WFI instructions.
» Traps to Hyp mode of Non-secure ELO and EL1 execution of WFE and WFI instructions.
» Traps to Monitor mode of the execution of WFE and WF1I instructions in modes other than Monitor mode.

It has encodings from the following instruction sets: A32 (Al )and T32 (Tl and T2).

A1

o

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
[ =111 Jo 0 1 1 o]Jo[1 oo oo o[MM[M]M]©) ©) ©) ©) 0 0 0
cond

o~
o|w
oln
N
o

A1

WEE {<c>} {<q>}

// No additional decoding required

T1

15 14 13 12 11 10 9 8
1

5
[1 0 1 1 1 1 1 1

(el B
BE
o
(@] B=Y
oo

7 6
[0 0

T

WEE {<c>} {<q>}

// No additional decoding required

T2

o

1 0 15 14 13 12 11 10

15 14 13 12 11 10 9 8 7 4 3 2 9 8 7 6
o [((MIMIMIM[1 of©[o]©]o o oJo o

6
[1 111001110

5
1

(@) [é)]
[} B8
B
O|N
-
o

T2

WFE{<c>}.W
// No additional decoding required

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.
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Operation

if ConditionPassed() then
EncodingSpecificOperations () ;
if IsEventRegisterSet () then
ClearEventRegister () ;
else
if PSTATE.EL == ELO then
// Check for traps described by the 0S which may be EL1 or EL2.
AArch32.CheckForWFxTrap (ELl, TRUE);
if PSTATE.EL IN (S SfELoBncbled () && PSTATE.EL IN {r10, EL1} & EL2Enabled() && !Jos&liIsIr
// Check for traps described by the Hypervisor.
AArch32.CheckForWFxTrap (EL2, TRUE);
if HaveEL(EL3) && PSTATE.M != M32 Monitor then
// Check for traps described by the Secure Monitor.
AArch32.CheckForWFxTrap (EL3, TRUE);
WaitForEvent () ;
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WFI

Wait For Interrupt is a hint instruction that indicates that the PE can enter a low-power state and remain there until a wakeup event occurs. For more
information, see Wait For Interrupt.

As described in Wait For Interrupt, the execution of a WE' T instruction that would otherwise cause entry to a low-power state can be trapped to a
higher Exception level, see:

* Traps to Undefined mode of PL0 execution of WFE and WFI instructions.
» Traps to Hyp mode of Non-secure ELO and EL1 execution of WFE and WFI instructions.
» Traps to Monitor mode of the execution of WFE and WFI instructions in modes other than Monitor mode.

It has encodings from the following instruction sets: A32 (Al )and T32 (Tl and T2).

A1

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

[ =111 Jo 0 1 1 ofJo[1 oo oo o[MMIM[M]w©) ©) ©) © 0 0 0 0 0 0 1 |
cond

A1

WFI{<c>}{<g>}

// No additional decoding required

T

%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

[1 011111 1[0 0 1 1[0 0 0 0]

™

WEI{<c>}{<g>}

// No additional decoding required

T2

%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2

(11110011101 0[MMMMDI1 oo o o ofo o0 0 oJo 0 1 |

T2

WFI{<c>}.W
// No additional decoding required

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.
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Operation

if ConditionPassed() then
EncodingSpecificOperations () ;
if !InterruptPending() then
if PSTATE.EL == ELO then
// Check for traps described by the 0S which may be EL1 or EL2.
AArch32.CheckForWFxTrap (ELl, FALSE) ;
if PSTATE.EL IN (S SfELoEncbled () && PSTATE EL IN{r10, EL1} && EL2Enabled() && !Jos&dlIsIr
// Check for traps described by the Hypervisor.
AArch32.CheckForWFxTrap (EL2, FALSE) ;
if HaveEL(EL3) && PSTATE.M != M32 Monitor then
// Check for traps described by the Secure Monitor.
AArch32.CheckForWFxTrap (EL3, FALSE) ;
WaitForInterrupt();
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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: SHAT1 schedule update 0.

SHA1SU1: SHAI schedule update 1.

SHA256H: SHA256 hash update part 1.

SHA256H2: SHA256 hash update part 2.

SHA256SUO: 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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AArch32 -- SIMD&FP Instructions (alphabetic order)

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 (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.

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

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.
VDIV: Divide.

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.

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

VEMS: Vector Fused Multiply Subtract.

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

VENMS: Vector Fused Negate Multiply Subtract.

VHADD: Vector Halving Add.

VHSUB: Vector Halving Subtract.

VINS: Vector move Insertion.

VIJCVT: Javascript Convert to signed fixed-point, rounding toward Zero.

VLD1 (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.

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.

VLDA4 (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.
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AArch32 -- SIMD&FP Instructions (alphabetic order)

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).

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

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.

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.
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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.

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.
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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.

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.
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.

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..

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

VZIP (alias): Vector Zip: an alias of VTRN.
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VCGE (register)

Vector Compare Greater Than or Equal takes each element in a vector, and compares it with the corresponding element of a second vector. If the first is
greater than or equal to the second, the corresponding element in the destination vector is set to all ones. Otherwise, it is set to all zeros.

The operand vector elements are the same type, and are signed integers, unsigned integers, or floating-point numbers. The result vector elements are
fields the same size as the operand vector elements.

Depending on settings in the CPACR, NSACR, and HCPTR 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.

This instruction is used by the pseudo-instruction VCLE (register).

It has encodings from the following instruction sets: A32 ( Al and A2 )and T32 (Tl and T2).
A1

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
[11 1 1 0 0 1JuJo[D] size | Vn | vd [0 0 1 1[N]Q[M]1] Vm |

64-bit SIMD vector (Q == 0)
VCGE {<c>} {<g>}.<dt> {<Dd>, }<Dn>, <Dm>
128-bit SIMD vector (Q == 1)

VCGE {<c>} {<g>}.<dt> {<Qd>, }<Qn>, <Qm>

if Q == '"1' && (Vd<0> == '1' || Vn<0> == '1' || Vm<O> == 'l') then UNDEFINED;
if size == '1l1l' then UNDEFINED;
vtype = if U == 'l' then VCGEtype unsigned else VCGEtype signed;

— - —_ ] ] 1 1 .

esize = 8 << UInt(size); elemenEs = 64 DIV esize;
d = UInt(D:Vd); n = UInt(N:Vn); m = UInt (M:Vm); regs = if Q == '0' then 1 else 2;

A2

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
1111 0 0 1[1][0o[D[0[sz] Vn | vd [1 11 0[N]

6 5 4
Q[M[0] Vm |

64-bit SIMD vector (Q == 0)

VCGE {<c>} {<g>}.<dt> {<Dd>, }<Dn>, <Dm>

128-bit SIMD vector (Q == 1)

VCGE {<c>} {<g>}.<dt> {<Qd>, }<Qn>, <Qm>

if Q == '1' && (Vd<0> == '1' || Vn<0> == 'l' || Vm<O0> == '1') then UNDEFINED;
if sz == '"1' && !HaveFPloExt () then UNDEFINED;
vtype = VCGEtype fp;
type—= VCGEtype £p+
case sz of
when '0' esize = 32; elements =
when 'l' esize = 16; elements =
d = UInt(D:Vd); n = UInt(N:Vn); m

’

s N

UInt (M:Vm); regs = if Q == '0' then 1 else 2;

T1
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15 14 13 12 11 10 9 8

7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 2 1 0

1 1 1]Ju]1 1 1 1 o[D] size | Vn | vd [0 0 1 1|NJQ|M]1] Vm |
64-bit SIMD vector (Q == 0)

VCGE {<c>}{<g>}.<dt> {<Dd>, }<Dn>, <Dm>
128-bit SIMD vector (Q == 1)

VCGE {<c>} {<g>}.<dt> {<Qd>, }<QOn>, <Qm>

if Q == '"1'" && (VA<O0> == '1" || Vn<0> == '1' || Vm<O0> == '1l') then UNDEFINED;

if size == '1l1l' then UNDEFINED;

vtype = if U == 'l' then VCGEtype unsigned else VCGEtype signed;

esize = 8 << UInt (size); elemenEs = 64 DIV esize; B

d = UInt (D:Vd); n = UInt(N:Vn); m = UInt(M:Vm); regs = if Q == '0' then 1 else 2;
T2

%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 2 1 0
[1 1 1]1]1 1 1 1 o[DJo]szZ] vn | vd [1 1 1 o|[N]Q|M]O] Vm |

64-bit SIMD vector (Q == 0)

VCGE {<c>} {<g>}.<dt> {<Dd>, }<Dn>, <Dm>

128-bit SIMD vector (Q == 1)

VCGE{<c>} {<q>}.<dt> {<Qd>, }<0On>, <Qm>

if Q == '1' && (VA<O0> == '1' || Vn<0> == '1'" || Vm<O0> == '1') then UNDEFINED;
if sz == '1l' && !HaveFPl6Ext () then UNDEFINED;

if sz == '1' && InITBlock() then UNPREDICTABLE;

vtype = VCGEtype fp;

type——VCcCEtype—fps

case sz of

d =

when '0' esize = 32; elements =
when 'l' esize = 16; elements =
UInt(D:Vd); n UInt (N:Vn); m

’

’

|
s N

CONSTRAINED UNPREDICTABLE behavior

If sz

== '1' && InITBlock (), then one of the following behaviors must occur:

The instruction is UNDEFINED.
The instruction executes as if it passes the Condition code check.
The instruction executes as NOP. This means it behaves as if it fails the Condition code check.

Assembler Symbols

<c>

<q>

<dt>

For encoding A1 and A2: see Standard assembler syntax fields. This encoding must be unconditional.
For encoding T1 and T2: see Standard assembler syntax fields.
See Standard assembler syntax fields.

For encoding A1 and T1: is the data type for the elements of the operands, encoded in “U:size”:

VCGE (register)

UInt (M:Vm) ; regs = if == '0' then 1 else 2;
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U size <dt>
0 00 58

0 01 516
0 10 532
1 00 U8

1 01 Ulo6
1 10 U32

For encoding A2 and T2: is the data type for the elements of the vectors, encoded in “sz”:

SZ <dt>

0 F32

1] F16
<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.
<Qm> Is the 128-bit name of the second SIMD&FP source register, encoded in the "M:Vm" field as <Qm>*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 "M:Vm" field.

Operation

enumeration VCGEtype {VCGEtype signed, VCGEtype unsigned, VCGEtype fp};

if ConditionPassed() then
EncodingSpecificOperations(); CheckAdvSIMDEnabled() ;

for r = 0 to regs-1
for e = 0 to elements-1
opl = Elem[D[n+r],e,esize]; op2 = Elem[D[m+r],e,esize];

case vtype of
£

o +
TS Y E=

when VCGEtype signed test passed = (SInt(opl) >= SInt (op2)):;

when VCGEtype unsigned test passed = (Ulnt (opl) >= UInt (op2)):;

when VCGEtype fp test passed = FPCompareGE (opl, op2, StandardFPSCRValue());
Elem[D[d+r],e,esize] = if test passed then Ones(esize) else Zeros(esize);

Operational information

If CPSR.DIT is 1 and this instruction passes its condition execution check:

* 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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(old) htmldiff from-

VCGT (register)

(new)

Vector Compare Greater Than takes each element in a vector, and compares it with the corresponding element of a second vector. If the first is greater
than the second, the corresponding element in the destination vector is set to all ones. Otherwise, it is set to all zeros.

The operand vector elements are the same type, and are signed integers, unsigned integers, or floating-point numbers. The result vector elements are

fields the same size as the operand vector elements.

Depending on settings in the CPACR, NSACR, and HCPTR 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.
This instruction is used by the pseudo-instruction VCLT (register).

It has encodings from the following instruction sets: A32 ( Al and A2 )and T32 (Tl and T2).

A1

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

[1 111 0 0 1[]uf[o0]|D] size | Vn | vd [0 0

1

1IN[a[m[o]

64-bit SIMD vector (Q == 0)

VCGT{<c>} {<g>}.<dt> {<Dd>, }<Dn>, <Dm>

128-bit SIMD vector (Q == 1)

VCGT {<c>} {<g>}.<dt> {<Qd>, }<Qn>, <Qm>

if Q == '1' && (Vd<0> == '1'" || Vn<0> == '1' || Vm<O0> == 'l') then UNDEFINED;

if size == '1l1l' then UNDEFINED;
vtype = if U == 'l' then VCGTtype unsigned else VCGTtype signed;

— X —_ ] ] .
— 7

esize = 8 << UInt(size); elemenEs = 64 DIV esize;

d = UInt(D:Vd); n = UInt(N:Vn); m = UInt(M:Vm); regs = if Q ==

A2

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

0!

then 1 else 2;

1111 0 0 1[1][0o[D[1][sz] Vn | vd [1 1

8 7 6 5 4
o[N[Q[M]0O

64-bit SIMD vector (Q == 0)

VCGT{<c>}{<g>}.<dt> {<Dd>, }<Dn>, <Dm>

128-bit SIMD vector (Q == 1)

VCGT {<c>} {<g>}.<dt> {<Qd>, }<Qn>, <Qm>

if Q == '"1' && (Vd<0> == '1' || Vn<0> == '"1' || Vm<O> == 'l') then UNDEFINED;

if sz == '"1' && !HaveFPloExt () then UNDEFINED;
vtype = VCGTtype fp;
type—= VCGTtype £p+
case sz of
when '0' esize = 32; elements =
when 'l' esize = 16; elements =
d = UInt(D:Vd); n = UInt(N:Vn); m

’

s N

UInt (M:Vm) ; regs = if Q ==

T1

VCGT (register)

o

then 1 else 2;
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15 14 13 12 11 10 9 8

7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 2 1 0

1 1 1]Ju]1 1 1 1 o[D] size | Vn | vd o 0 1 1|N]Q|M]O] Vm |
64-bit SIMD vector (Q == 0)

VCGT {<c>}{<g>}.<dt> {<Dd>, }<Dn>, <Dm>
128-bit SIMD vector (Q == 1)

VCGT{<c>} {<g>}.<dt> {<Qd>, }<Qn>, <Qm>

if Q == '"1'" && (VA<O0> == '1" || Vn<0> == '1' || Vm<O0> == '1l') then UNDEFINED;

if size == '1l1l' then UNDEFINED;

vtype = if U == 'l' then VCGTtype unsigned else VCGTtype signed;

esize = 8 << UInt (size); elemenEs = 64 DIV esize; B

d = UInt (D:Vd); n = UInt(N:Vn); m = UInt(M:Vm); regs = if Q == '0' then 1 else 2;
T2

5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
[1 1 1]1]1 1 1 1 o[D[1]sz] vn | vd [1 1 1 o|[N]Q|M]O] Vm |

64-bit SIMD vector (Q == 0)

VCGT{<c>} {<g>}.<dt> {<Dd>, }<Dn>, <Dm>

128-bit SIMD vector (Q == 1)

VCGT{<c>} {<q>}.<dt> {<Qd>, }<0On>, <Qm>

if Q == '1' && (VA<O0> == '1' || Vn<0> == '1'" || Vm<O0> == '1') then UNDEFINED;
if sz == '1l' && !HaveFPl6Ext () then UNDEFINED;

if sz == '1' && InITBlock() then UNPREDICTABLE;

vtype = VCGTtype fp;

type——VCETtype—fps

case sz of

d =

when '0' esize = 32; elements =
when 'l' esize = 16; elements =
UInt(D:Vd); n UInt (N:Vn); m

’

’

|
s N

CONSTRAINED UNPREDICTABLE behavior

If sz

== '1' && InITBlock (), then one of the following behaviors must occur:

The instruction is UNDEFINED.
The instruction executes as if it passes the Condition code check.
The instruction executes as NOP. This means it behaves as if it fails the Condition code check.

Assembler Symbols

<c>

<q>

<dt>

For encoding A1 and A2: see Standard assembler syntax fields. This encoding must be unconditional.
For encoding T1 and T2: see Standard assembler syntax fields.
See Standard assembler syntax fields.

For encoding A1 and T1: is the data type for the elements of the operands, encoded in “U:size”:

VCGT (register)

UInt (M:Vm) ; regs = if == '0' then 1 else 2;
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U size <dt>
0 00 58

0 01 516
0 10 532
1 00 U8

1 01 Ulo6
1 10 U32

For encoding A2 and T2: is the data type for the elements of the vectors, encoded in “sz”:

SZ <dt>

0 F32

1] F16
<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.
<Qm> Is the 128-bit name of the second SIMD&FP source register, encoded in the "M:Vm" field as <Qm>*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 "M:Vm" field.

Operation

enumeration VCGTtype {VCGTtype signed, VCGTtype unsigned, VCGTtype fp};

if ConditionPassed() then
EncodingSpecificOperations(); CheckAdvSIMDEnabled() ;

for r = 0 to regs-1
for e = 0 to elements-1
opl = Elem[D[n+r],e,esize]; op2 = Elem[D[m+r],e,esize];

case vtype of
£

o +
TS Y E=

when VCGTtype signed test passed = (SInt(opl) > SInt(op2));

when VCGTtype unsigned test passed = (UInt(opl) > UlInt (op2));

when VCGTtype fp test passed = FPCompareGT (opl, op2, StandardFPSCRValue());
Elem[D[d+r],e,esize] = if test passed then Ones(esize) else Zeros(esize);

Operational information

If CPSR.DIT is 1 and this instruction passes its condition execution check:

* 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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VFMAL (vector)

htmldiff from-

(new)

Vector Floating-point Multiply-Add Long to accumulator (vector). This instruction multiplies corresponding values in the vectors in the two source

SIMD&FP registers, 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).

A1
(Armv8.2)
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
171111 1 0f[of[o[D[1 0] Vn | vd [1]oJoJo[N]Q[M] 1] Vm |
S
64-bit SIMD vector (Q == 0)
VFMAL{<g>}.F16 <Dd>, <Sn>, <Sm>
128-bit SIMD vector (Q == 1)
VFMAL{<q>}.F16 <Qd>, <Dn>, <Dm>
if !HaveFPlo6MulNoRoundingToFP32Ext () then UNDEFINED;
if Q == '1l' && Vd<0> == '1l' then UNDEFINED;
integer d = UInt(D:Vd);
integer n = if Q == '1l' then UInt(N:Vn) else UInt (Vn:N);
integer m = if == ']1' then UInt (M:Vm) else UInt (Vm:M) ;
integer esize = 32;
integer regs = if Q=='l' then 2 else 1;
integer datasize = if Q=='1' then 64 else 32;
boolean sub op = S=='1";
T
(Armv8.2)
%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 2 1
[1 1111 1 0f]of[o[D[1 x8] vn | vd [1]oJoJo[N]Q|M] 1] Vm |
S op2
VFMAL (vector)
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64-bit SIMD vector (op2 == 10 && Q == 0)

VEMAL{<q>}.F16 <Dd>, <Sn>, <Sm>

128-bit SIMD vector (op2 == 11 && Q == 1)

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

if InITBlock () then UNPREDICTARLE;
if !HaveFPl6MulNoRoundingToFP32Ext () then UNDEFINED;
if Q == '1'" && Vd<0> == '1l' then UNDEFINED;

integer d = UInt(D:Vd);

integer n = if == '1' then UInt (N:Vn) else UInt (Vn:N);
integer m = if Q == '1' then UInt (M:Vm) else UInt (Vm:M);
integer esize = 32;

integer regs = if Q=='l' 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 "M:Vm" 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:M" field.
Operation

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

64
64
bits(esize DIV 2) elementl;
bits(esize DIV 2) element?2;

if Q=='0"' then
operandl = S[n]<datasize-1:0>;
operand2 = S[m]<datasize-1:0>;
else
operandl D[n]<datasize-1:0>;
operand2 = D[m]<datasize-1:0>;
for r = 0 to regs-1
operand3 = D[d+r];
for e = 0 to 1
elementl = Elem[operandl, 2*r+e, esize DIV 2];
element2 = Elem[operand2, 2*r+e, esize DIV 2];
if sub op then elementl = FPNeg(elementl);
Elem[result, e, esize] = FPMulAddH (Elem[operand3, e, esize], elementl, element2, StandardFPSCRVal
D[d+r] = result;
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VLD2 (multiple 2-element structures)

Load multiple 2-element structures to two or four registers loads multiple 2-element structures from memory into two or four registers, with de-
interleaving. For more information, see Element and structure load/store instructions. Every element of each register is loaded. For details of the
addressing mode see Advanced SIMD addressing mode.

Depending on settings in the CPACR, NSACR, and HCPTR 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.

It has encodings from the following instruction sets: A32 ( Al and A2 )and T32 (Tl and T2).

A1

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

171110100 0[D[1]0] Rn | vd |1 0 0 x| size | align | Rm |
itypetype

Offset (Rm == 1111)

VLD2 {<c>}{<g>}.<size> <list>, [<Rn>{:<align>}]

Post-indexed (Rm == 1101)

VLD2{<c>}{<g>}.<size> <list>, [<Rn>{:<align>}]!

Post-indexed (Rm !=11x1)

VLD2 {<c>} {<g>}.<size> <list>, [<Rn>{:<align>}], <Rm>

regs = 1; 1if align == '11' then UNDEFINED;
if size == '11' then UNDEFINED;

inc = if itype == '1001' then 2 else 1;
ine = 3if type — 1001 then 2 else 1>

alignment = if align == '00' then 1 else 4 << Ulnt(align);
ebytes = 1 << Ulnt(size); elements = 8 DIV ebytes;

d = UInt(D:Vd); d2 = d + inc; n = UInt(Rn); m = UInt(Rm);
wback = (m != 15); register index = (m != 15 && m != 13);
if n == 15 || d2+regs > 32 then UNPREDICTABLE;

CONSTRAINED UNPREDICTABLE behavior

Ifd2+regs > 32, then one of the following behaviors must occur:

+ The instruction is UNDEFINED.

+ The instruction executes as NOP.

* One or more of the SIMD and floating-point registers are UNKNOWN. If the instruction specifies writeback, the base register becomes
UNKNOWN. This behavior does not affect any general-purpose registers.

A2

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
/171110100 0[D[1]0] Rn | vd |0 0 1 1] size | align | Rm |
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Offset (Rm == 1111)

VLD2 {<c>}{<g>}.<size> <list>, [<Rn>{:<align>}]

Post-indexed (Rm == 1101)

VLD2 {<c>}{<g>}.<size> <list>, [<Rn>{:<align>}]!

Post-indexed (Rm != 11x1)

VLD2 {<c>}{<g>}.<size> <list>, [<Rn>{:<align>}], <Rm>

regs = 2; inc = 2;

if size == '1l1' then UNDEFINED;

alignment = if align == '00' then 1 else 4 << Ulnt (align);
ebytes = 1 << Ulnt(size); elements = 8 DIV ebytes;

d = UInt(D:Vd); d2 = d + inc; n = UInt(Rn); m = UInt(Rm);
wback = (m != 15); register index = (m != 15 && m != 13);
if n == 15 || d2+regs > 32 then UNPREDICTABLE;

CONSTRAINED UNPREDICTABLE behavior

Ifd2+regs > 32, then one of the following behaviors must occur:

* The instruction is UNDEFINED.
+ The instruction executes as NOP.

* One or more of the SIMD and floating-point registers are UNKNOWN. If the instruction specifies writeback, the base register becomes

UNKNOWN. This behavior does not affect any general-purpose registers.

T1
%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 2 1
11111 00 1 0]|D[1]0] Rn | vd [1 0 0 x| size | align | Rm |

itypetype

Offset (Rm == 1111)

VLD2 {<c>}{<g>}.<size> <list>, [<Rn>{:<align>}]

Post-indexed (Rm == 1101)

VLD2 {<c>}{<g>}.<size> <list>, [<Rn>{:<align>}]!

Post-indexed (Rm != 11x1)

VLD2 {<c>}{<g>}.<size> <list>, [<Rn>{:<align>}], <Rm>

regs = 1; 1if align == '11' then UNDEFINED;
if size == '1l1' then UNDEFINED;
inc = if itype == '1001' then 2 else 1;

1Tne — 1 F 4+
It =SS0
alignment = if align == '00' then 1 else 4 << Ulnt (align);
ebytes = 1 << Ulnt(size); elements = 8 DIV ebytes;

d = UInt(D:Vd); d2 = d + inc; n = UInt(Rn); m = UInt(Rm);
wback = (m != 15); register index = (m != 15 && m != 13);
if n == 15 || d2+regs > 32 then UNPREDICTABLE;

== 11001' then 2 else 1;

CONSTRAINED UNPREDICTABLE behavior

Ifd2+regs > 32, then one of the following behaviors must occur:

* The instruction is UNDEFINED.

VLD2 (multiple 2-element structures)
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+ The instruction executes as NOP.

One or more of the SIMD and floating-point registers are UNKNOWN. If the instruction specifies writeback, the base register becomes
UNKNOWN. This behavior does not affect any general-purpose registers.

T2

15 14 13 12 11 10 8

9 7 3 2 1 0 15 14 1312 11 10 9 8 7 6 &5 4 3 2 1 0
1111100 1 0]

4
0| Rn | vd [0 0 1 1] size | align | Rm |

6 5
D|1]

Offset (Rm == 1111)

VLD2 {<c>}{<g>}.<size> <list>, [<Rn>{:<align>}]
Post-indexed (Rm == 1101)

VLD2{<c>}{<g>}.<size> <list>, [<Rn>{:<align>}]!
Post-indexed (Rm !=11x1)

VLD2 {<c>}{<g>}.<size> <list>, [<Rn>{:<align>}], <Rm>

regs = 2; inc = 2;
if size == '1l1l' then UNDEFINED;
alignment = if align == '00' then 1 else 4 << Ulnt(align);

ebytes = 1 << Ulnt(size); elements = 8 DIV ebytes;

d = UInt(D:Vd); d2 = d + inc; n = UInt(Rn); m = UInt(Rm);
wback = (m != 15); register index = (m != 15 && m != 13);
if n == 15 || d2+regs > 32 then UNPREDICTABLE;

CONSTRAINED UNPREDICTABLE behavior

Ifd2+regs > 32, then one of the following behaviors must occur:

* The instruction is UNDEFINED.

+ The instruction executes as NOP.

One or more of the SIMD and floating-point registers are UNKNOWN. If the instruction specifies writeback, the base register becomes
UNKNOWN. This behavior does not affect any general-purpose registers.

For more information about the CONSTRAINED UNPREDICTABLE behavior of this instruction, see Architectural Constraints on UNPREDICTABLE
behaviors, and particularly VLD2 (multiple 2-element structures).

Related encodings: See Advanced SIMD element or structure load/store for the T32 instruction set, or Advanced SIMD element or structure load/store
for the A32 instruction set.

Assembler Symbols

<c> For encoding A1 and A2: see Standard assembler syntax fields. This encoding must be unconditional.
For encoding T1 and T2: see Standard assembler syntax fields.
<q> See Standard assembler syntax fields.

<size> Is the data size, encoded in “size”:

size <size>
00 8

01 16

10 32

11 RESERVED

<list> Is a list containing the 64-bit names of the SIMD&FP registers.
The list must be one of:
{ <Dd>, <Dd+1>}

Two single-spaced registers. Selects the Al and T1 encodings of the instruction, and encoded in the "itypetype" field as
0b1000.
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{ <Dd>, <Dd+2>}
Two double-spaced registers. Selects the Al and T1 encodings of the instruction, and encoded in the "itypetype" field as
0b1001.

{ <Dd>, <Dd+1>, <Dd+2>, <Dd+3>}
Three single-spaced registers. Selects the A2 and T2 encodings of the instruction.

The register <Dd> is encoded in the "D:Vd" field.
<Rn> Is the general-purpose base register, encoded in the "Rn" field.

<align> Is the optional alignment.
Whenever <align> is omitted, the standard alignment is used, see Unaligned data access, and is encoded in the "align" field as
0b00.
Whenever <align> is present, the permitted values are:

64
64-bit alignment, encoded in the "align" field as 0b01.

128
128-bit alignment, encoded in the "align" field as Ob10.

256
256-bit alignment, encoded in the "align" field as Ob11. Available only if <list> contains four registers.

: is the preferred separator before the <align> value, but the alignment can be specified as @<align>, see Advanced SIMD
addressing mode.

<Rm> Is the general-purpose index register containing an offset applied after the access, encoded in the "Rm" field.

For more information about the variants of this instruction, see Advanced SIMD addressing mode.

Operation

if ConditionPassed () then
EncodingSpecificOperations(); CheckAdvSIMDEnabled() ;
address = R[n]; iswrite = FALSE;
- = AArch32.CheckAlignment (address, alignment, AccType VEC, iswrite);
for r = 0 to regs-1
for e = 0 to elements-1
Elem[D[d+r], e] MemU [address, ebytes];
Elem[D[d2+r],e] = MemU[address+ebytes,ebytes];
address = address + 2*ebytes;
if wback then
if register index then
R[n] = R[n] + R[m];
else
R[n] = R[n] + 1l6*regs;
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VLD3 (multiple 3-element structures)

Load multiple 3-element structures to three registers loads multiple 3-element structures from memory into three registers, with de-interleaving. For
more information, see Element and structure load/store instructions. Every element of each register is loaded. For details of the addressing mode see
Advanced SIMD addressing mode.

Depending on settings in the CPACR, NSACR, and HCPTR 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.

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

A1

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

171110100 0[D[1]0] Rn | vd |0 1 0 x| size | align | Rm |
itypetype

Offset (Rm == 1111)

VLD3{<c>}{<g>}.<size> <list>, [<Rn>{:<align>}]
Post-indexed (Rm == 1101)

VLD3{<c>}{<g>}.<size> <list>, [<Rn>{:<align>}]!
Post-indexed (Rm !=11x1)

VLD3{<c>}{<g>}.<size> <list>, [<Rn>{:<align>}], <Rm>

case itype of
case type of
when '0100'
inc = 1;
when '0101'
inc = 2;
otherwise
SEE "Related encodings";
if size == '11' || align<l> == '1l' then UNDEFINED;
alignment = if align<0> == '0' then 1 else 8;
ebytes = 1 << Ulnt(size); elements = 8 DIV ebytes;
d = UInt(D:Vd); d2 = d + inc; d3 = d2 + inc; n = UInt(Rn); m = UInt(Rm);
wback = (m != 15); register index = (m != 15 && m != 13);
if n == 15 || d3 > 31 then UNPREDICTABLE;

CONSTRAINED UNPREDICTABLE behavior

Ifd3 > 31, then one of the following behaviors must occur:

* The instruction is UNDEFINED.
+ The instruction executes as NOP.

* One or more of the SIMD and floating-point registers are UNKNOWN. If the instruction specifies writeback, the base register becomes
UNKNOWN. This behavior does not affect any general-purpose registers.

T1

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 O

17111100 1 0[D[1]0] Rn | vd |0 1 0 x| size | align | Rm |
itypetype
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Offset (Rm == 1111)

VLD3{<c>}{<g>}.<size> <list>, [<Rn>{:<align>}]
Post-indexed (Rm == 1101)

VLD3{<c>}{<g>}.<size> <list>, [<Rn>{:<align>}]!
Post-indexed (Rm != 11x1)

VLD3{<c>}{<g>}.<size> <list>, [<Rn>{:<align>}], <Rm>

case itype of
ease type of
when '0100'
inc = 1;
when '0101'
inc = 2;
otherwise
SEE "Related encodings";
if size == '11' || align<l> == '1l' then UNDEFINED;
alignment = if align<0> == '0' then 1 else 8;
ebytes = 1 << Ulnt(size); elements = 8 DIV ebytes;
d = UInt(D:Vd); d2 = d + inc; d3 = d2 + inc; n = UInt(Rn); m = UInt(Rm);
wback = (m != 15); register index = (m != 15 && m != 13);
if n == 15 || d3 > 31 then UNPREDICTABLE;

CONSTRAINED UNPREDICTABLE behavior

Ifd3 > 31, then one of the following behaviors must occur:

* The instruction is UNDEFINED.
+ The instruction executes as NOP.

One or more of the SIMD and floating-point registers are UNKNOWN. If the instruction specifies writeback, the base register becomes
UNKNOWN. This behavior does not affect any general-purpose registers.

For more information about the CONSTRAINED UNPREDICTABLE behavior of this instruction, see Architectural Constraints on UNPREDICTABLE
behaviors, and particularly VLD3 (multiple 3-element structures).

Related encodings: See Advanced SIMD element or structure load/store for the T32 instruction set, or Advanced SIMD element or structure load/store
for the A32 instruction set.

Assembler Symbols

<c> For encoding Al: see Standard assembler syntax fields. This encoding must be unconditional.

For encoding T1: see Standard assembler syntax fields.

<q> See Standard assembler syntax fields.
<size> Is the data size, encoded in “size”:

size <size>

00 8

01 16

10 32

11 RESERVED

<list> Is a list containing the 64-bit names of the SIMD&FP registers.
The list must be one of:
{ <Dd>, <Dd+1>, <Dd+2> }
Single-spaced registers, encoded in the "itypetype" field as 0b0100.

{ <Dd>, <Dd+2>, <Dd+4> }
Double-spaced registers, encoded in the "itypegype" field as 0b0101.

The register <Dd> is encoded in the "D:Vd" field.

<Rn> Is the general-purpose base register, encoded in the "Rn" field.
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<align> Is the optional alignment.

Whenever <align> is omitted, the standard alignment is used, see Unaligned data access, and is encoded in the "align" field as
0b00.
Whenever <align> is present, the only permitted values is 64, meaning 64-bit alignment, encoded in the "align" field as 0b01.

: is the preferred separator before the <align> value, but the alignment can be specified as @<align>, see Advanced SIMD
addressing mode.

<Rm> Is the general-purpose index register containing an offset applied after the access, encoded in the "Rm" field.

For more information about <Rn>, !, and <Rm>, see Advanced SIMD addressing mode.
Operation

if ConditionPassed() then
EncodingSpecificOperations(); CheckAdvSIMDEnabled() ;
address = R[n]; iswrite = FALSE;
- = AArch32.CheckAlignment (address, alignment, AccType VEC, iswrite);
for e = 0 to elements-1
Elem[D[d], e] = MemU[address,ebytes];
Elem[D[d2],e] = MemU[address+ebytes, ebytes];
Elem([D[d3],e] = MemU[address+2*ebytes, ebytes];
address = address + 3*ebytes;
if wback then
if register index then
R[n] = R[n] + R[m];
else
R[n] = R[n] + 24;
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VLD4 (multiple 4-element structures)

Load multiple 4-element structures to four registers loads multiple 4-element structures from memory into four registers, with de-interleaving. For
more information, see Element and structure load/store instructions. Every element of each register is loaded. For details of the addressing mode see
Advanced SIMD addressing mode.

Depending on settings in the CPACR, NSACR, and HCPTR 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.

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

A1

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

171110100 0[D[1]0] Rn | vd |0 0 0 x| size | align | Rm |
itypetype

Offset (Rm == 1111)

VLD4 {<c>} {<g>}.<size> <list>, [<Rn>{:<align>}]
Post-indexed (Rm == 1101)

VLD4 {<c>}{<g>}.<size> <list>, [<Rn>{:<align>}]!
Post-indexed (Rm !=11x1)

VLD4 {<c>} {<g>}.<size> <list>, [<Rn>{:<align>}], <Rm>

case itype of
case type of
when '0000'
inc = 1;
when '0001'
inc = 2;
otherwise
SEE "Related encodings";
if size == '11' then UNDEFINED;
alignment = if align == '00' then 1 else 4 << Ulnt(align);
ebytes = 1 << Ulnt(size); elements = 8 DIV ebytes;
d = UInt(D:Vd); d2 = d + inc; d3 = d2 + inc; d4 = d3 + inc; n = UInt(Rn); m = UInt(Rm);
wback = (m != 15); register index = (m != 15 && m != 13);
if n == 15 || d4 > 31 then UNPREDICTABLE;

CONSTRAINED UNPREDICTABLE behavior

Ifd4 > 31, then one of the following behaviors must occur:

* The instruction is UNDEFINED.
+ The instruction executes as NOP.

* One or more of the SIMD and floating-point registers are UNKNOWN. If the instruction specifies writeback, the base register becomes
UNKNOWN. This behavior does not affect any general-purpose registers.

T1

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 O

17111100 1 0[D[1]0] Rn | vd |0 0 0 x| size | align | Rm |
itypetype
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Offset (Rm == 1111)

VLD4 {<c>}{<g>}.<size> <list>, [<Rn>{:<align>}]
Post-indexed (Rm == 1101)

VLD4 {<c>}{<g>}.<size> <list>, [<Rn>{:<align>}]!
Post-indexed (Rm != 11x1)

VLD4 {<c>}{<g>}.<size> <list>, [<Rn>{:<align>}], <Rm>

case itype of
case type of
when '0000'
inc = 1;
when '0001'
inc = 2;
otherwise
SEE "Related encodings";
if size == '1l1' then UNDEFINED;
alignment = if align == '00' then 1 else 4 << Ulnt (align);
ebytes = 1 << Ulnt(size); elements = 8 DIV ebytes;
d = UInt(D:Vd); d2 = d + inc; d3 = d2 + inc; d4 = d3 + inc; n = UInt(Rn); m = UInt (Rm);
wback = (m != 15); register index = (m != 15 && m != 13);
if n == 15 || d4 > 31 then UNPREDICTABLE;

CONSTRAINED UNPREDICTABLE behavior

Ifd4 > 31, then one of the following behaviors must occur:

* The instruction is UNDEFINED.
+ The instruction executes as NOP.

One or more of the SIMD and floating-point registers are UNKNOWN. If the instruction specifies writeback, the base register becomes
UNKNOWN. This behavior does not affect any general-purpose registers.

For more information about the CONSTRAINED UNPREDICTABLE behavior of this instruction, see Architectural Constraints on UNPREDICTABLE
behaviors, and particularly VLD4 (multiple 4-element structures).

Related encodings: See Advanced SIMD element or structure load/store for the T32 instruction set, or Advanced SIMD element or structure load/store
for the A32 instruction set.

Assembler Symbols

<c> For encoding Al: see Standard assembler syntax fields. This encoding must be unconditional.

For encoding T1: see Standard assembler syntax fields.

<q> See Standard assembler syntax fields.
<size> Is the data size, encoded in “size”:

size <size>

00 8

01 16

10 32

11 RESERVED

<list> Is a list containing the 64-bit names of the SIMD&FP registers.
The list must be one of:
{ <Dd>, <Dd+1>, <Dd+2>, <Dd+3> }
Single-spaced registers, encoded in the "itypetype" field as 0b0000.

{ <Dd>, <Dd+2>, <Dd+4>, <Dd+6> }
Double-spaced registers, encoded in the "itypegype" field as 0b0001.

The register <Dd> is encoded in the "D:Vd" field.

<Rn> Is the general-purpose base register, encoded in the "Rn" field.
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<align>

64

12

25

<Rm>

Is the optional alignment.

Whenever <align> is omitted, the standard alignment is used, see Unaligned data access, and is encoded in the "align" field as
0b00.

Whenever <align> is present, the permitted values are:

64-bit alignment, encoded in the "align" field as 0bO1.

8
128-bit alignment, encoded in the "align" field as Ob10.

6
256-bit alignment, encoded in the "align" field as Ob11.

: is the preferred separator before the <align> value, but the alignment can be specified as @<align>, see Advanced SIMD
addressing mode.

Is the general-purpose index register containing an offset applied after the access, encoded in the "Rm" field.

For more information about the variants of this instruction, see Advanced SIMD addressing mode.

Operation

if ConditionP

assed () then

Encoding$S
address =
- = AArch

pecificOperations(); CheckAdvSIMDEnabled()
R[n]; diswrite = FALSE;
32.CheckAlignment (address, alignment, AccType VEC, iswrite);

for e = 0

to elements-1

Elem[D[d], e] = MemU[address,ebytes];

Elem[D[d2],e]
Elem[D[d3],e]

MemU [addresstebytes,ebytes];
MemU [address+2*ebytes,ebytes];

Elem[D[d4],e] = MemU[address+3*ebytes,ebytes];
address = address + 4*ebytes;
if wback then
if register index then
R[n] = R[n] + R[m];
else
R[n] = R[n] + 32;
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VNMLA

Vector Negate Multiply Accumulate multiplies together two floating-point register values, adds the negation of the floating-point value in the
destination register to the negation of the product, and writes the result back to the destination register.

Arm recommends that software does not use the VNMLA instruction in the Round towards Plus Infinity and Round towards Minus Infinity rounding
modes, because the rounding of the product and of the sum can change the result of the instruction in opposite directions, defeating the purpose of
these rounding modes.

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.

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

A1

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

[ =111 |1 1 1 o[o[D[0 1] Vn | vd [1 0 size [N[1[M]O] Vm |
cond op

Half-precision scalar (size == 01)
(Armv8.2)

VNMLA{<c>}{<g>}.Fl6 <Sd>, <Sn>, <Sm>
Single-precision scalar (size == 10)

VNMLA{<c>}{<g>}.F32 <Sd>, <Sn>, <Sm>
Double-precision scalar (size == 11)

VNMLA{<c>}{<g>}.F64 <Dd>, <Dn>, <Dm>

if FPSCR.Len != '000' || FPSCR.Stride != '00' then UNDEFINED;
if size == '00' || (size == '01' && !HaveFPl6Ext ()) then UNDEFINED;
if size == '01' && cond != '1110' then UNPREDICTARBLE;

vtype = if op == 'l' then VFPNegMul VNMLA else VEFPNegMul VNMLS;

I\

han DNe oM INM

case size of
when '01' esize = 16; d = UInt(Vd:D); n m = UInt (Vm:M) ;
when '10' esize = 32; d = UInt(Vd:D); n = UInt(Vn:N); m = UInt(Vm:M);
when '1l1' esize = 64; d = UInt(D:Vd); n m = UInt (M:Vm);

CONSTRAINED UNPREDICTABLE behavior

Ifsize == '01' && cond != '1110", then one of the following behaviors must occur:

* The instruction is UNDEFINED.
» The instruction executes as if it passes the Condition code check.
» The instruction executes as NOP. This means it behaves as if it fails the Condition code check.

T1

%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

[1 1101 1 1 0f[o][D[0 1] Vn | vd [1 0 size [N[1[M]O] Vm |
op
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Half-precision scalar (size == 01)
(Armv8.2)

VNMLA{<c>}{<g>}.Fl6 <Sd>, <Sn>, <Sm>
Single-precision scalar (size == 10)

VNMLA{<c>}{<g>}.F32 <Sd>, <Sn>, <Sm>
Double-precision scalar (size == 11)

VNMLA{<c>}{<g>}.F64 <Dd>, <Dn>, <Dm>

if FPSCR.Len != '000' || FPSCR.Stride != '00' then UNDEFINED;
if size == '00' || (size == '01' && !HaveFPl6Ext ()) then UNDEFINED;
if size == '01' && InITBlock() then UNPREDICTABLE;
vtype = if op == 'l' then VFPNegMul VNMLA else VFPNegMul VNMLS;
. Al b 7\ a a 0 .

case size of
when '01' esize = 16; d
when '10' esize = 32; d
when 'l1l' esize = 64; d = UInt(D:Vd);

UInt (Vd:D); n UInt (Vn:N); m = UInt (Vm:M);
UInt (Vd:D); n = UInt(Vn:N); m = UInt (Vm:M);
n UInt (N:Vn); m = UInt (M:Vm);

CONSTRAINED UNPREDICTABLE behavior

Ifsize == '01' && InITBlock (), then one of the following behaviors must occur:

* The instruction is UNDEFINED.
» The instruction executes as if it passes the Condition code check.
» The instruction executes as NOP. This means it behaves as if it fails the Condition code check.

Assembler Symbols

<c> See Standard assembler syntax fields.

<q> See Standard assembler syntax fields.

<Sd> Is the 32-bit name of the SIMD&FP destination register, encoded in the "Vd:D" 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:M" field.
<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 "M:Vm" field.
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Operation
enumeration VFPNegMul {VEFPNegMul VNMLA, VFPNegMul VNMLS, VFPNegMul VNMUL};
if ConditionPassed() then

EncodingSpecificOperations () ;
case esize of

CheckVFPEnabled (TRUE) ;

when 16
productl6é = FPMul (S[n]<15:0>, S[m]<15:0>, FPSCR);
case vtype of
case typ £
when VEPNegMul VNMLA S[d] = Zeros(16) FPAdd (FPNeg (S[d]<15:0>),
when VEPNegMul VNMLS S[d] = Zeros(16) FPAdd (FPNeg (S[d]<15:0>),
when VEPNegMul VNMUL S[d] = Zeros(16) FPNeg (productl®6) ;
when 32
product32 = FPMul (S[n], S[m], FPSCR);
case vtype of
case typ £
when VFPNegMul VNMLA S[d] = FPAdd(FPNeg(S[d]), FPNeg(product32),
when VEFPNegMul VNMLS S[d] = FPAdd(FPNeg(S[d]), product32, FPSCR);
when VEFPNegMul VNMUL S[d] = FPNeg(product32);
when 64
product64 = FPMul (D[n], D[m], FPSCR);
case vtype of
case typ £
when VFPNegMul VNMLA D[d] = FPAdd(FPNeg(D[d]), FPNeg(producté64),
when VEFPNegMul VNMLS D[d] = FPAdd(FPNeg(D[d]), product64, FPSCR)
when VEFPNegMul VNMUL D[d] = FPNeg(product64);

FPNeg (productl6),

FPSCE

productl6, FPSCR);

FPSCR) ;

FPSCR) ;
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VNMLS

Vector Negate Multiply Subtract multiplies together two floating-point register values, adds the negation of the floating-point value in the destination
register to the product, and writes the result back to the destination 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.

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

A1

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

| =111 |1 1 1 olo]|D|[0 1] Vn | vd [1 0] size [N[O[M][O] Vm |
cond op

Half-precision scalar (size == 01)
(Armv8.2)

VNMLS{<c>}{<g>}.Fl6 <Sd>, <Sn>, <Sm>

Single-precision scalar (size == 10)

VNMLS {<c>}{<g>}.F32 <Sd>, <Sn>, <Sm>

Double-precision scalar (size == 11)

VNMLS {<c>} {<g>}.F64 <Dd>, <Dn>, <Dm>

if FPSCR.Len != '000' || FPSCR.Stride != '00' then UNDEFINED;
if size == '00' || (size == '01' && !'HaveFPloExt()) then UNDEFINED;
if size == '01' && cond != '1110' then UNPREDICTABLE;

vtype = if op == 'l' then VFPNegMul VNMLA else VFPNegMul VNMLS;
1 v L INMT A a L v

han DNe M a

case size of

when '01' esize = 16; d = UInt(Vd:D); n = UInt(Vn:N); m = UInt(Vm:M);
when '10'" esize = 32; d = UInt(Vd:D); n = UInt(Vn:N); m = UInt(Vm:M);
when '1l1l' esize = 64; d = UInt(D:Vd); n = UInt(N:Vn); m = UInt (M:Vm);
CONSTRAINED UNPREDICTABLE behavior
Ifsize == '01' && cond != '1110", then one of the following behaviors must occur:

* The instruction is UNDEFINED.
» The instruction executes as if it passes the Condition code check.
» The instruction executes as NOP. This means it behaves as if it fails the Condition code check.

T1

15 14 13 12 11 10 9 8 7
11101 1 1 0]0]

4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 O
1] Vn | vd |1 0] size [INJo[M]O] Vm |
op

6 5
D|O
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Half-precision scalar (size == 01)
(Armv8.2)

VNMLS {<c>}{<g>}.Fl6 <Sd>, <Sn>, <Sm>
Single-precision scalar (size == 10)

VNMLS {<c>}{<g>}.F32 <Sd>, <Sn>, <Sm>
Double-precision scalar (size == 11)

VNMLS{<c>}{<g>}.F64 <Dd>, <Dn>, <Dm>

if FPSCR.Len != '000' || FPSCR.Stride != '00' then UNDEFINED;
if size == '00' || (size == '01' && !HaveFPl6Ext ()) then UNDEFINED;
if size == '01' && InITBlock() then UNPREDICTABLE;
vtype = if op == 'l' then VFPNegMul VNMLA else VFPNegMul VNMLS;
. Al b 7\ a a 0 .

case size of
when '01' esize = 16; d
when '10' esize = 32; d
when 'l1l' esize = 64; d = UInt(D:Vd);

UInt (Vd:D); n UInt (Vn:N); m = UInt (Vm:M);
UInt (Vd:D); n = UInt(Vn:N); m = UInt (Vm:M);
n UInt (N:Vn); m = UInt (M:Vm);

CONSTRAINED UNPREDICTABLE behavior

Ifsize == '01' && InITBlock (), then one of the following behaviors must occur:

* The instruction is UNDEFINED.
» The instruction executes as if it passes the Condition code check.
» The instruction executes as NOP. This means it behaves as if it fails the Condition code check.

Assembler Symbols

<c> See Standard assembler syntax fields.

<q> See Standard assembler syntax fields.

<Sd> Is the 32-bit name of the SIMD&FP destination register, encoded in the "Vd:D" 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:M" field.
<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 "M:Vm" field.
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Operation
enumeration VFPNegMul {VEFPNegMul VNMLA, VFPNegMul VNMLS, VFPNegMul VNMUL};
if ConditionPassed() then

EncodingSpecificOperations () ;
case esize of

CheckVFPEnabled (TRUE) ;

when 16
productl6é = FPMul (S[n]<15:0>, S[m]<15:0>, FPSCR);
case vtype of
case typ £
when VEPNegMul VNMLA S[d] = Zeros(16) FPAdd (FPNeg (S[d]<15:0>),
when VEPNegMul VNMLS S[d] = Zeros(16) FPAdd (FPNeg (S[d]<15:0>),
when VEPNegMul VNMUL S[d] = Zeros(16) FPNeg (productl®6) ;
when 32
product32 = FPMul (S[n], S[m], FPSCR);
case vtype of
case typ £
when VFPNegMul VNMLA S[d] = FPAdd(FPNeg(S[d]), FPNeg(product32),
when VEFPNegMul VNMLS S[d] = FPAdd(FPNeg(S[d]), product32, FPSCR);
when VEFPNegMul VNMUL S[d] = FPNeg(product32);
when 64
product64 = FPMul (D[n], D[m], FPSCR);
case vtype of
case typ £
when VFPNegMul VNMLA D[d] = FPAdd(FPNeg(D[d]), FPNeg(producté64),
when VEFPNegMul VNMLS D[d] = FPAdd(FPNeg(D[d]), product64, FPSCR)
when VEFPNegMul VNMUL D[d] = FPNeg(product64);

FPNeg (productl6),

FPSCE

productl6, FPSCR);

FPSCR) ;

FPSCR) ;
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VNMUL

Vector Negate Multiply multiplies together two floating-point register values, and writes the negation of the result to the destination 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.

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

A1

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

| =111 |1 1 1 o[o[D[1 0] Vn | vd |1 0] size [IN[1]M]o0] Vm |
cond

Half-precision scalar (size == 01)
(Armv8.2)

VNMUL{<c>}{<g>}.Fl6 {<Sd>,} <Sn>, <Sm>

Single-precision scalar (size == 10)

VNMUL{<c>}{<g>}.F32 {<Sd>,} <Sn>, <Sm>

Double-precision scalar (size == 11)

VNMUL{<c>}{<g>}.F64 {<Dd>,} <Dn>, <Dm>

if FPSCR.Len != '000' || FPSCR.Stride != '00' then UNDEFINED;
if size == '01' && !HaveFPloExt () then UNDEFINED;
if size == '01' && cond != '1110' then UNPREDICTABLE;
vtype = VFPNegMul VNMUL;
type = VEFPNegMul VNMUL;
case size of
when '01' esize 16; d
when '10' esize = 32; d
when '1l1l' esize = 64; d

UInt (Vd:D); n
UInt (Vd:D); n
UInt (D:Vd); n

UInt (Vn:N); m
UInt (Vn:N); m
UInt (N:Vn); m

UInt (Vm:M) ;
UInt (Vm:M) ;
= UInt (M:Vm) ;

CONSTRAINED UNPREDICTABLE behavior

Ifsize == '01' && cond != '1110", then one of the following behaviors must occur:

* The instruction is UNDEFINED.
» The instruction executes as if it passes the Condition code check.
» The instruction executes as NOP. This means it behaves as if it fails the Condition code check.

T1

15 14 13 12 11 10 9

8 7 3 2 1 0 15 14 13 12 11 10 9 8 7 6 &5 4 3 2 1 0
11101 1 10]0]

4
0] Vn | vd |1 0] size [IN[1]M]o0] Vm |

6 5
D|1
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Half-precision scalar (size == 01)
(Armv8.2)

VNMUL{<c>}{<g>}.F1l6 {<Sd>,} <Sn>, <Sm>

Single-precision scalar (size == 10)

VNMUL{<c>}{<g>}.F32 {<Sd>,} <Sn>, <Sm>

Double-precision scalar (size == 11)

VNMUL{<c>}{<g>}.F64 {<Dd>,} <Dn>, <Dm>

if FPSCR.Len != '000' || FPSCR.Stride != '00' then UNDEFINED;
if size == '01' && !HaveFP16Ext () then UNDEFINED;

if size == '01' && InITBlock() then UNPREDICTABLE;

vtype = VFPNegMul VNMUL;

type = VEPNegMul VNMUL;

case size of

when '01' esize = 16; d = UInt(Vd:D); n = UInt(Vn:N); m = UInt (Vm:M);
when '10' esize = 32; d = UInt(Vd:D); n = UInt(Vn:N); m = UInt (Vm:M);
when 'l1l' esize = 64; d = UInt(D:Vd); n = UInt(N:Vn); m = UInt (M:Vm);

CONSTRAINED UNPREDICTABLE behavior

Ifsize == '01' && InITBlock (), then one of the following behaviors must occur:

The instruction is UNDEFINED.
The instruction executes as if it passes the Condition code check.
The instruction executes as NOP. This means it behaves as if it fails the Condition code check.

Assembler Symbols

<c> See Standard assembler syntax fields.

<q> See Standard assembler syntax fields.

<Sd> Is the 32-bit name of the SIMD&FP destination register, encoded in the "Vd:D" 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:M" field.
<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 "M:Vm" field.

VNMUL
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Operation
enumeration VFPNegMul {VEFPNegMul VNMLA, VFPNegMul VNMLS, VFPNegMul VNMUL};
if ConditionPassed() then

EncodingSpecificOperations () ;
case esize of

CheckVFPEnabled (TRUE) ;

when 16
productl6é = FPMul (S[n]<15:0>, S[m]<15:0>, FPSCR);
case vtype of
case typ £
when VEPNegMul VNMLA S[d] = Zeros(16) FPAdd (FPNeg (S[d]<15:0>),
when VEPNegMul VNMLS S[d] = Zeros(16) FPAdd (FPNeg (S[d]<15:0>),
when VEPNegMul VNMUL S[d] = Zeros(16) FPNeg (productl®6) ;
when 32
product32 = FPMul (S[n], S[m], FPSCR);
case vtype of
case typ £
when VFPNegMul VNMLA S[d] = FPAdd(FPNeg(S[d]), FPNeg(product32),
when VEFPNegMul VNMLS S[d] = FPAdd(FPNeg(S[d]), product32, FPSCR);
when VEFPNegMul VNMUL S[d] = FPNeg(product32);
when 64
product64 = FPMul (D[n], D[m], FPSCR);
case vtype of
case typ £
when VFPNegMul VNMLA D[d] = FPAdd(FPNeg(D[d]), FPNeg(producté64),
when VEFPNegMul VNMLS D[d] = FPAdd(FPNeg(D[d]), product64, FPSCR)
when VEFPNegMul VNMUL D[d] = FPNeg(product64);

FPNeg (productl6),

FPSCE

productl6, FPSCR);

FPSCR) ;

FPSCR) ;
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VPMAX (floating-point)

Vector Pairwise Maximum compares adjacent pairs of elements in two doubleword vectors, and copies the larger of each pair into the corresponding
element in the destination doubleword vector.

Depending on settings in the CPACR, NSACR, and HCPTR 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.

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

A1

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 0 1[1][o[D]o0][sz] Vn | vd [1 1 1 1|NJo[M]oO] Vm |
op

A1

VPMAX {<c>}{<g>}.<dt> {<Dd>, }<Dn>, <Dm>

— 170

if sz == '1l' && !HaveFPl6Ext () then UNDEFINED;
maximum = (op == '0');
case sz of
when '0' esize 32; elements
when 'l' esize = 16; elements =
d = UInt (D:Vd); n = UInt(N:Vn); m

s N
~

Il
.~

UInt (M:Vm) ;

T1

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 O

1 1 1]1]1 1 1 1 o[D]o][sz] Vn | vd [1 1 1 1|NJo[M]O] Vm |
op

T

VPMAX{<c>}{<g>}.<dt> {<Dd>, }<Dn>, <Dm>

R— ] .
7

if sz == '1l' && !HaveFPl6Ext () then UNDEFINED;
if sz == '1l' && InITBlock () then UNPREDICTABLE;
maximum = (op == '0'");
case sz of

when '0' esize = 32; elements = 2;

when 'l' esize = 16; elements = 4;

d = UInt (D:Vd); n = UInt(N:Vn); m UInt (M:Vm) ;

CONSTRAINED UNPREDICTABLE behavior

Ifsz == '1' && InITBlock (), then one of the following behaviors must occur:

* The instruction is UNDEFINED.
* The instruction executes as if it passes the Condition code check.
» The instruction executes as NOP. This means it behaves as if it fails the Condition code check.

Assembler Symbols

<c> For encoding Al: see Standard assembler syntax fields. This encoding must be unconditional.

For encoding T1: see Standard assembler syntax fields.
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<gq> See Standard assembler syntax fields.

<dt> Is the data type for the elements of the vectors, encoded in “sz”:

SZ <dt>

0 F32

1 Fl6
<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 "M:Vm" field.
Operation

if ConditionPassed () then
EncodingSpecificOperations(); CheckAdvSIMDEnabled() ;
bits(64) dest;
h = elements DIV 2;

for e = 0 to h-1

opl = Elem[D[n],2*%e,esize]; op2 = Elem[D[n],2*%e+l,esize];
Elem[dest,e,esize] = if maximum then FPMax (opl,op2,StandardFPSCRValue()) else FPMin (opl,op2,Stanc
opl = Elem[D[m],2*%e,esize]; op2 = Elem[D[m],2*%e+l,esize];
Elem[dest,e+th,esize] = if maximum then FPMax (opl,op2, StandardFPSCRValue()) else FPMin (opl,op2, Sta

D[d] = dest;

Internal version only: isa v00_96%00-88, pseudocode r8p5_00bet2_rc5v85-xml-00bet9—+el—t ; Build timestamp: 2019-03-28 T072048-12-12F12:5933

Copyright © 2010-20192040-2648 Arm Limited or its affiliates. All rights reserved. This document is Non-Confidential.

(old) htmldiff from- (new)

VPMAX (floating-point) Page 183


ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.ConditionPassed.0
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.CheckAdvSIMDEnabled.0
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-shared.Elem.read.3
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.D.read.1
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-shared.Elem.read.3
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.D.read.1
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-shared.Elem.write.3
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-shared.FPMax.3
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.StandardFPSCRValue.0
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-shared.FPMin.3
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.StandardFPSCRValue.0
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-shared.Elem.read.3
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.D.read.1
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-shared.Elem.read.3
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.D.read.1
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-shared.Elem.write.3
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-shared.FPMax.3
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.StandardFPSCRValue.0
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-shared.FPMin.3
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.StandardFPSCRValue.0
ISA_v85A_AArch32_xml_00bet10/from-ISA_v85A_AArch32_xml_00bet9/shared_pseudocode.html#impl-aarch32.D.write.1

(old) htmldiff from- (new)

VPMAX (integer)

Vector Pairwise Maximum compares adjacent pairs of elements in two doubleword vectors, and copies the larger of each pair into the corresponding
element in the destination doubleword vector.

The following figure shows an example of the operation of VPMAX doubleword operation for data type S16 or U16.
D \I/ | \I/ | Dn \I/ | \I/
b [ | [ |

Depending on settings in the CPACR, NSACR, and HCPTR 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.

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

A1

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

111 1 0 0 1[/U[0]|D] size | Vn | Vd [1 0 1 O|[N|[O[M[O] Vm |
op

A1

VPMAX{<c>}{<g>}.<dt> {<Dd>, }<Dn>, <Dm>

if size == '1l1l' then UNDEFINED;

maximum = (op == '0'); wunsigned = (U == '1"'");

esize = 8 << UInt(81ze), elements = 64 DIV esize;

d = UInt(D:Vd); n = UInt(N:Vn); m = UInt(M:Vm);

T1

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

[1 1 1Ju]1 1 1 1 0]|D] size | Vn | vd [1 0 1 o[N[O[M]O] Vm |
op

™

VPMAX {<c>}{<g>}.<dt> {<Dd>, }<Dn>, <Dm>

if size == '11' then UNDEFINED;

3 3 pr— Al A pr— A A ;
maximum = (op == '0'); unsigned = (U == '1");
esize = 8 << Ulnt(size); elements = 64 DIV esize;
d = UInt(D:Vd); n = UInt(N:Vn); m = UInt(M:Vm);

Assembler Symbols

<c> For encoding Al: see Standard assembler syntax fields. This encoding must be unconditional.

For encoding T1: see Standard assembler syntax fields.

<g> See Standard assembler syntax fields.

<dt> Is the data type for the elements of the operands, encoded in “U:size”:
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<Dd>
<Dn>

<Dm>

Operation

if Condi

U size <dt>
0 00 58

0 01 516
0 10 532
1 00 U8

1 01 Ulo6
1 10 U32

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

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

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

tionPassed () then

Enco
bits
h =

for

D[d]

dingSpecificOperations(); CheckAdvSIMDEnabled()
(64) dest;
elements DIV 2;

e =0 to h-1

opl = Int(Elem[D[n],2*%e,esize], unsigned);

op2 = Int(Elem[D[n],2*%*e+l,esize], unsigned);

result = if maximum then Max (opl,op2) else Min (opl,op2);
Elem[dest,e,esize] = result<esize-1:0>;

opl = Int(Elem[D[m],2*%e,esize], unsigned);

op2 = Int(Elem[D[m],2*%*e+l,esize], unsigned);

result = if maximum then Max (opl,op2) else Min (opl,op2);
Elem[dest,e+h,esize] = result<esize-1:0>;

= dest;

Operational information

If CPSR.DIT is 1 and this instruction passes its condition execution check:

e The

e 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.
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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VPMIN (floating-point)

Vector Pairwise Minimum compares adjacent pairs of elements in two doubleword vectors, and copies the smaller of each pair into the corresponding
element in the destination doubleword vector.

Depending on settings in the CPACR, NSACR, and HCPTR 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.

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

A1

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 1[1][0o[D[1]sz] Vn | vd [1 1 1 1|NJo[M]oO] Vm |
op

A1

VPMIN{<c>}{<g>}.<dt> {<Dd>, }<Dn>, <Dm>

— 170

if sz == '1l' && !HaveFPl6Ext () then UNDEFINED;
maximum = (op == '0');
case sz of
when '0' esize 32; elements
when 'l' esize = 16; elements =
d = UInt (D:Vd); n = UInt(N:Vn); m

s N
~

Il
.~

UInt (M:Vm) ;

T1

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 O

1 1 1]1]1 1 1 1 o[D[1][sz] Vn | vd [1 1 1 1|NJo[M]O] Vm |
op

T

VPMIN{<c>}{<g>}.<dt> {<Dd>, }<Dn>, <Dm>

R— ] .
7

if sz == '1l' && !HaveFPl6Ext () then UNDEFINED;
if sz == '1l' && InITBlock () then UNPREDICTABLE;
maximum = (op == '0'");
case sz of

when '0' esize = 32; elements = 2;

when 'l' esize = 16; elements = 4;

d = UInt (D:Vd); n = UInt(N:Vn); m UInt (M:Vm) ;

CONSTRAINED UNPREDICTABLE behavior

Ifsz == '1' && InITBlock (), then one of the following behaviors must occur:

* The instruction is UNDEFINED.
* The instruction executes as if it passes the Condition code check.
» The instruction executes as NOP. This means it behaves as if it fails the Condition code check.

Assembler Symbols

<c> For encoding Al: see Standard assembler syntax fields. This encoding must be unconditional.

For encoding T1: see Standard assembler syntax fields.
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<gq> See Standard assembler syntax fields.

<dt> Is the data type for the elements of the vectors, encoded in “sz”:

SZ <dt>

0 F32

1 Fl6
<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 "M:Vm" field.
Operation

if ConditionPassed () then
EncodingSpecificOperations(); CheckAdvSIMDEnabled() ;
bits(64) dest;
h = elements DIV 2;

for e = 0 to h-1

opl = Elem[D[n],2*%e,esize]; op2 = Elem[D[n],2*%e+l,esize];
Elem[dest,e,esize] = if maximum then FPMax (opl,op2,StandardFPSCRValue()) else FPMin (opl,op2,Stanc
opl = Elem[D[m],2*%e,esize]; op2 = Elem[D[m],2*%e+l,esize];
Elem[dest,e+th,esize] = if maximum then FPMax (opl,op2, StandardFPSCRValue()) else FPMin (opl,op2, Sta

D[d] = dest;
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VPMIN (integer)

Vector Pairwise Minimum compares adjacent pairs of elements in two doubleword vectors, and copies the smaller of each pair into the corresponding
element in the destination doubleword vector.

Depending on settings in the CPACR, NSACR, and HCPTR 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.

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

A1
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 1[U[o0][D] size | Vn | vd [1 0 1 o|[NJO[M[1] Vm |
op
A1
VPMIN{<c>}{<g>}.<dt> {<Dd>, }<Dn>, <Dm>
if size == 'l1l' then UNDEFINED;
if si == '11'" |} O == '1" then UNDEFINED;
maximum = (op == '0'); unsigned = (U == '1"'");
esize = 8 << Ulnt(size); elements = 64 DIV esize;
d = UInt(D:Vd); n = UInt(N:Vn); m = UInt(M:Vm);
T1
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 O
1 1 1]Ju]1 1 1 1 0o[D] size | Vn | vd [1 0 1 o|[NJO[M[1] Vm |
op
T

VPMIN{<c>}{<g>}.<dt> {<Dd>, }<Dn>, <Dm>

if size == '1l1l' then UNDEFINED;

1 F o4 —— V77V oA V]V +hAr TINDEERTNED.
++—5+ EiEsis LR == e oDt iNE 7
maximum op == '0'); unsigned = (U == '1");

= (
esize = 8 << UInt(size); elements = 64 DIV esize;
d = UInt (D:Vd); n = UInt(N:Vn); m = UInt(M:Vm);

Assembler Symbols

<c> For encoding Al: see Standard assembler syntax fields. This encoding must be unconditional.

For encoding T1: see Standard assembler syntax fields.

<q> See Standard assembler syntax fields.
<dt> Is the data type for the elements of the operands, encoded in “U:size™:
U size <dt>
0 00 S8
0 01 S16
0 10 S32
1 00 U8
1 01 Ule
1 10 U32
<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.
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<Dm> Is the 64-bit name of the second SIMD&FP source register, encoded in the "M:Vm" field.

Operation

if ConditionPassed () then
EncodingSpecificOperations(); CheckAdvSIMDEnabled() ;
bits (64) dest;
h = elements DIV 2;

for e = 0 to h-1
opl = Int(Elem[D[n],2*%e,esize], unsigned);
op2 = Int(Elem[D[n],2*%*e+l,esize], unsigned);
result = if maximum then Max (opl,op2) else Min (opl,op2);
Elem[dest,e,esize] = result<esize-1:0>;
opl = Int(Elem[D[m],2*%e,esize], unsigned);
op2 = Int(Elem[D[m],2*%*e+l,esize], unsigned);
result = if maximum then Max (opl,op2) else Min (opl,op2);
Elem[dest,e+h,esize] = result<esize-1:0>;

D[d] = dest;

Operational information

If CPSR.DIT is 1 and this instruction passes its condition execution check:

* 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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VST2 (multiple 2-element structures)

Store multiple 2-element structures from two or four registers stores multiple 2-element structures from two or four registers to memory, with
interleaving. For more information, see Element and structure load/store instructions. Every element of each register is saved. For details of the
addressing mode see Advanced SIMD addressing mode.

Depending on settings in the CPACR, NSACR, and HCPTR 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.

It has encodings from the following instruction sets: A32 ( Al and A2 )and T32 (Tl and T2).

A1

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

/171110100 o0[D[Oo]O] Rn | vd |1 0 0 x| size | align | Rm |
itypetype

Offset (Rm == 1111)

VST2 {<c>}{<g>}.<size> <list>, [<Rn>{:<align>}]

Post-indexed (Rm == 1101)

VST2{<c>}{<g>}.<size> <list>, [<Rn>{:<align>}]!

Post-indexed (Rm !=11x1)

VST2 {<c>} {<g>}.<size> <list>, [<Rn>{:<align>}], <Rm>

regs = 1; 1if align == '11' then UNDEFINED;

if size == '11' then UNDEFINED;

inc = if itype == '1001' then 2 else 1;

ine = 3if type — 1001 then 2 else 1>

alignment = if align == '00' then 1 else 4 << Ulnt(align);
ebytes = 1 << Ulnt(size); elements = 8 DIV ebytes;

d = UInt(D:Vd); d2 = d + inc; n = UInt(Rn); m = UInt(Rm);
wback = (m != 15); register index = (m != 15 && m != 13);
if n == 15 || d2+regs > 32 then UNPREDICTABLE;

CONSTRAINED UNPREDICTABLE behavior

Ifd2+regs > 32, then one of the following behaviors must occur:

* The instruction is UNDEFINED.
+ The instruction executes as NOP.

» The memory locations specified by the instruction and the number of registers specified by the instruction if the register list had not gone
out of range, become UNKNOWN. If the instruction specifies writeback, then that register becomes UNKNOWN. This behavior does not affect

any other memory locations.

A2

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 o0[D[o]O] Rn | vd |0 0 1 1] size | align | Rm |
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Offset (Rm == 1111)

VST2{<c>}{<g>}.<size> <list>, [<Rn>{:<align>}]

Post-indexed (Rm == 1101)

VST2{<c>}{<g>}.<size> <list>, [<Rn>{:<align>}]!

Post-indexed (Rm != 11x1)

VST2{<c>}{<g>}.<size> <list>, [<Rn>{:<align>}], <Rm>

regs = 2; inc = 2;

if size == '1l1' then UNDEFINED;

alignment = if align == '00' then 1 else 4 << Ulnt (align);
ebytes = 1 << Ulnt(size); elements = 8 DIV ebytes;

d = UInt(D:Vd); d2 = d + inc; n = UInt(Rn); m = UInt(Rm);
wback = (m != 15); register index = (m != 15 && m != 13);
if n == 15 || d2+regs > 32 then UNPREDICTABLE;

CONSTRAINED UNPREDICTABLE behavior

Ifd2+regs > 32, then one of the following behaviors must occur:

* The instruction is UNDEFINED.

* The instruction executes as NOP.

» The memory locations specified by the instruction and the number of registers specified by the instruction if the register list had not gone
out of range, become UNKNOWN. If the instruction specifies writeback, then that register becomes UNKNOWN. This behavior does not affect
any other memory locations.

T1

%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

11111 00 1 o0o|[D[0]O] Rn | vd [1 0 0 x| size | align | Rm |
itypetype

Offset (Rm == 1111)

VST2{<c>}{<g>}.<size> <list>, [<Rn>{:<align>}]

Post-indexed (Rm == 1101)

VST2{<c>}{<g>}.<size> <list>, [<Rn>{:<align>}]!

Post-indexed (Rm != 11x1)

VST2{<c>}{<g>}.<size> <list>, [<Rn>{:<align>}], <Rm>

regs = 1; 1if align == '11' then UNDEFINED;
if size == '1l1' then UNDEFINED;
inc = if itype == '1001' then 2 else 1;

1Tne — 1 F 4+
It =SS0
alignment = if align == '00' then 1 else 4 << Ulnt (align);
ebytes = 1 << Ulnt(size); elements = 8 DIV ebytes;

d = UInt(D:Vd); d2 = d + inc; n = UInt(Rn); m = UInt(Rm);
wback = (m != 15); register index = (m != 15 && m != 13);
if n == 15 || d2+regs > 32 then UNPREDICTABLE;

= 1001 "' then 2 else 1

CONSTRAINED UNPREDICTABLE behavior

Ifd2+regs > 32, then one of the following behaviors must occur:
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* The instruction is UNDEFINED.
+ The instruction executes as NOP.

The memory locations specified by the instruction and the number of registers specified by the instruction if the register list had not gone

out of range, become UNKNOWN. If the instruction specifies writeback, then that register becomes UNKNOWN. This behavior does not affect
any other memory locations.

T2

15 14 13 12 11 10 8

9 7 3 2 1 0 15 14 1312 11 10 9 8 7 6 &5 4 3 2 1 0
1111100 1 0]

4
0| Rn | vd [0 0 1 1] size | align | Rm |

6 5
D|o]

Offset (Rm == 1111)

VST2 {<c>}{<g>}.<size> <list>, [<Rn>{:<align>}]
Post-indexed (Rm == 1101)

VST2{<c>}{<g>}.<size> <list>, [<Rn>{:<align>}]!
Post-indexed (Rm !=11x1)

VST2{<c>}{<g>}.<size> <list>, [<Rn>{:<align>}], <Rm>

regs = 2; inc = 2;
if size == '1l1l' then UNDEFINED;
alignment = if align == '00' then 1 else 4 << Ulnt(align);

ebytes = 1 << Ulnt(size); elements = 8 DIV ebytes;

d = UInt(D:Vd); d2 = d + inc; n = UInt(Rn); m = UInt(Rm);
wback = (m != 15); register index = (m != 15 && m != 13);
if n == 15 || d2+regs > 32 then UNPREDICTABLE;

CONSTRAINED UNPREDICTABLE behavior

Ifd2+regs > 32, then one of the following behaviors must occur:

* The instruction is UNDEFINED.
+ The instruction executes as NOP.

The memory locations specified by the instruction and the number of registers specified by the instruction if the register list had not gone

out of range, become UNKNOWN. If the instruction specifies writeback, then that register becomes UNKNOWN. This behavior does not affect
any other memory locations.

For more information about the CONSTRAINED UNPREDICTABLE behavior of this instruction, see Architectural Constraints on UNPREDICTABLE
behaviors, and particularly VST2 (multiple 2-element structures).

Related encodings: See Advanced SIMD element or structure load/store for the T32 instruction set, or Advanced SIMD element or structure load/store
for the A32 instruction set.

Assembler Symbols
<c> For encoding A1 and A2: see Standard assembler syntax fields. This encoding must be unconditional.

For encoding T1 and T2: see Standard assembler syntax fields.

<q> See Standard assembler syntax fields.

<size> Is the data size, encoded in “size”:

size <size>
00 8

01 16

10 32

11 RESERVED

<list> Is a list containing the 64-bit names of the SIMD&FP registers.
The list must be one of:
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{ <Dd>, <Dd+1>}
Two single-spaced registers. Selects the A1 and T1 encodings of the instruction, and encoded in the "itypetype" field as
0b1000.

{ <Dd>, <Dd+2>}
Two double-spaced registers. Selects the Al and T1 encodings of the instruction, and encoded in the "itypetype" field as
0b1001.

{ <Dd>, <Dd+1>, <Dd+2>, <Dd+3> }
Three single-spaced registers. Selects the A2 and T2 encodings of the instruction.

The register <Dd> is encoded in the "D:Vd" field.
<Rn> Is the general-purpose base register, encoded in the "Rn" field.

<align> Is the optional alignment.

Whenever <align> is omitted, the standard alignment is used, see Unaligned data access, and is encoded in the "align" field as
0b00.

Whenever <align> is present, the permitted values are:

64
64-bit alignment, encoded in the "align" field as 0b01.

128
128-bit alignment, encoded in the "align" field as Ob10.

256
256-bit alignment, encoded in the "align" field as Ob11. Available only if <list> contains four registers.

: is the preferred separator before the <align> value, but the alignment can be specified as @<align>, see Advanced SIMD
addressing mode.

<Rm> Is the general-purpose index register containing an offset applied after the access, encoded in the "Rm" field.
For more information about the variants of this instruction, see Advanced SIMD addressing mode.
Operation

if ConditionPassed () then
EncodingSpecificOperations(); CheckAdvSIMDEnabled()
address = R[n]; iswrite = TRUE;
- = AArch32.CheckAlignment (address, alignment, AccType VEC, iswrite);

for r = 0 to regs-1
for e = 0 to elements-1
MemU [address, ebytes] = Elem[D[d+r], e];
MemU [address+ebytes,ebytes] = Elem[D[d2+r],e];
address = address + 2*ebytes;

if wback then
if register index then
R[n] = R[n] + R[m];
else
R[n] = R[n] + 1l6*regs;
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VST3 (multiple 3-element structures)

Store multiple 3-element structures from three registers stores multiple 3-element structures to memory from three registers, with interleaving. For
more information, see Element and structure load/store instructions. Every element of each register is saved. For details of the addressing mode see
Advanced SIMD addressing mode.

Depending on settings in the CPACR, NSACR, and HCPTR 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.

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

A1

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

/171110100 o0[D[Oo]O] Rn | vd |0 1 0 x| size | align | Rm |
itypetype

Offset (Rm == 1111)

VST3{<c>}{<g>}.<size> <list>, [<Rn>{:<align>}]
Post-indexed (Rm == 1101)

VST3{<c>}{<g>}.<size> <list>, [<Rn>{:<align>}]!
Post-indexed (Rm !=11x1)

VST3{<c>}{<g>}.<size> <list>, [<Rn>{:<align>}], <Rm>

if size == '11' || align<l> == 'l1' then UNDEFINED;
case itype of
case type of
when '0100'
inc = 1;
when '0101'
inc = 2;
otherwise
SEE "Related encodings";
alignment = if align<0> == '0' then 1 else 8;
ebytes = 1 << Ulnt(size); elements = 8 DIV ebytes;
d = UInt(D:Vd); d2 = d + inc; d3 = d2 + inc; n = UInt(Rn); m = UInt(Rm);
wback = (m != 15); register index = (m != 15 && m != 13);
if n == 15 || d3 > 31 then UNPREDICTABLE;

CONSTRAINED UNPREDICTABLE behavior

Ifd3 > 31, then one of the following behaviors must occur:

* The instruction is UNDEFINED.
+ The instruction executes as NOP.

» The memory locations specified by the instruction and the number of registers specified by the instruction if the register list had not gone
out of range, become UNKNOWN. If the instruction specifies writeback, then that register becomes UNKNOWN. This behavior does not affect
any other memory locations.

T1

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 O

/17111100 1 o0[D[o]O] Rn | vd |0 1 0 x| size | align | Rm |
itypetype
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Offset (Rm == 1111)

VST3{<c>}{<g>}.<size> <list>, [<Rn>{:<align>}]
Post-indexed (Rm == 1101)

VST3{<c>}{<g>}.<size> <list>, [<Rn>{:<align>}]!
Post-indexed (Rm != 11x1)

VST3{<c>}{<g>}.<size> <list>, [<Rn>{:<align>}], <Rm>

if size == '11' || align<l> == '1l' then UNDEFINED;
case itype of

ease type of
when '0100'
inc = 1;
when '0101'
inc = 2;
otherwise
SEE "Related encodings";
alignment = if align<0> == '0' then 1 else 8;
ebytes = 1 << Ulnt(size); elements = 8 DIV ebytes;
d = UInt(D:Vd); d2 = d + inc; d3 = d2 + inc; n = UInt(Rn); m = UInt(Rm);

wback = (m != 15); register index = (m != 15 && m != 13);
if n == 15 || d3 > 31 then UNPREDICTABLE;

CONSTRAINED UNPREDICTABLE behavior

Ifd3 > 31, then one of the following behaviors must occur:

* The instruction is UNDEFINED.
+ The instruction executes as NOP.

The memory locations specified by the instruction and the number of registers specified by the instruction if the register list had not gone

out of range, become UNKNOWN. If the instruction specifies writeback, then that register becomes UNKNOWN. This behavior does not affect
any other memory locations.

For more information about the CONSTRAINED UNPREDICTABLE behavior of this instruction, see Architectural Constraints on UNPREDICTABLE
behaviors, and particularly VST3 (multiple 3-element structures).

Related encodings: See Advanced SIMD element or structure load/store for the T32 instruction set, or Advanced SIMD element or structure load/store
for the A32 instruction set.

Assembler Symbols
<c> For encoding Al: see Standard assembler syntax fields. This encoding must be unconditional.

For encoding T1: see Standard assembler syntax fields.

<q> See Standard assembler syntax fields.

<size> Is the data size, encoded in “size”:

size <size>
00 8

01 16

10 32

11 RESERVED

<list> Is a list containing the 64-bit names of the SIMD&FP registers.
The list must be one of:
{ <Dd>, <Dd+1>, <Dd+2> }
Single-spaced registers, encoded in the "itypetype" field as 0b0100.

{ <Dd>, <Dd+2>, <Dd+4> }
Double-spaced registers, encoded in the "itypegype" field as 0b0101.

The register <Dd> is encoded in the "D:Vd" field.
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<Rn>

<align>

<Rm>

Is the general-purpose base register, encoded in the "Rn" field.

Is the optional alignment.

Whenever <align> is omitted, the standard alignment is used, see Unaligned data access, and is encoded in the "align" field as
0b00.

Whenever <align> is present, the only permitted values is 64, meaning 64-bit alignment, encoded in the "align" field as 0b01.
: is the preferred separator before the <align> value, but the alignment can be specified as @<align>, see Advanced SIMD
addressing mode.

Is the general-purpose index register containing an offset applied after the access, encoded in the "Rm" field.

For more information about the variants of this instruction, see Advanced SIMD addressing mode.

Operation

if Condition

Passed () then

Encoding
address
- = AArc

SpecificOperations(); CheckAdvSIMDEnabled()
= R[n]; iswrite = TRUE;
h32.CheckAlignment (address, alignment, AccType VEC, iswrite);

for e =
MemU
MemU
MemU
addr

0 to elements-1

[address, ebytes] = Elem[D[d], e];
[address+ebytes, ebytes] Elem([D[d2],e];
[address+2*ebytes, ebytes] Elem([D[d3],e];
ess = address + 3*ebytes;

if wback then

if r

else

egister index then
R[n] = R[n] + R[m];

R[n] = R[n] + 24;
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VST4 (multiple 4-element structures)

Store multiple 4-element structures from four registers stores multiple 4-element structures to memory from four registers, with interleaving. For more
information, see Element and structure load/store instructions. Every element of each register is saved. For details of the addressing mode see
Advanced SIMD addressing mode.

Depending on settings in the CPACR, NSACR, and HCPTR 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.

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

A1

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

/171110100 o0[D[Oo]O] Rn | vd |0 0 0 x| size | align | Rm |
itypetype

Offset (Rm == 1111)

VST4 {<c>}{<g>}.<size> <list>, [<Rn>{:<align>}]

Post-indexed (Rm == 1101)

VST4{<c>}{<g>}.<size> <list>, [<Rn>{:<align>}]!

Post-indexed (Rm !=11x1)

VST4 {<c>} {<g>}.<size> <list>, [<Rn>{:<align>}], <Rm>

if size == '11' then UNDEFINED;
case itype of
case type of
when '0000'
inc = 1;
when '0001'
inc = 2;
otherwise
SEE "Related encodings";
alignment = if align == '00' then 1 else 4 << Ulnt(align);
ebytes = 1 << Ulnt(size); elements = 8 DIV ebytes;
d = UInt(D:Vd); d2 = d + inc; d3 = d2 + inc; d4 = d3 + inc; n = UInt(Rn); m = UInt(Rm);
wback = (m != 15); register index = (m != 15 && m != 13);
if n == 15 || d4 > 31 then UNPREDICTABLE;

CONSTRAINED UNPREDICTABLE behavior

Ifd4 > 31, then one of the following behaviors must occur:

* The instruction is UNDEFINED.

* The instruction executes as NOP.

» The memory locations specified by the instruction and the number of registers specified by the instruction if the register list had not gone
out of range, become UNKNOWN. If the instruction specifies writeback, then that register becomes UNKNOWN. This behavior does not affect
any other memory locations.

T1

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 O

/17111100 1 o0[D[o]O] Rn | vd |0 0 0 x| size | align | Rm |
itypetype
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Offset (Rm == 1111)

VST4{<c>}{<g>}.<size> <list>, [<Rn>{:<align>}]
Post-indexed (Rm == 1101)

VST4{<c>}{<g>}.<size> <list>, [<Rn>{:<align>}]!
Post-indexed (Rm != 11x1)

VST4{<c>}{<g>}.<size> <list>, [<Rn>{:<align>}], <Rm>

if size == '11' then UNDEFINED;
case itype of
case type of
when '0000'
inc = 1;
when '0001'
inc = 2;
otherwise
SEE "Related encodings";
alignment = if align == '00' then 1 else 4 << Ulnt (align);
ebytes = 1 << Ulnt(size); elements = 8 DIV ebytes;
d = UInt(D:Vd); d2 = d + inc; d3 = d2 + inc; d4 = d3 + inc; n = UInt(Rn); m = UInt (Rm);
= 13);

wback = (m != 15); register index = (m != 15 && m
if n == 15 || d4 > 31 then UNPREDICTABLE;

CONSTRAINED UNPREDICTABLE behavior

Ifd4 > 31, then one of the following behaviors must occur:

* The instruction is UNDEFINED.
+ The instruction executes as NOP.

The memory locations specified by the instruction and the number of registers specified by the instruction if the register list had not gone

out of range, become UNKNOWN. If the instruction specifies writeback, then that register becomes UNKNOWN. This behavior does not affect
any other memory locations.

For more information about the CONSTRAINED UNPREDICTABLE behavior of this instruction, see Architectural Constraints on UNPREDICTABLE
behaviors, and particularly VST4 (multiple 4-element structures).

Related encodings: See Advanced SIMD element or structure load/store for the T32 instruction set, or Advanced SIMD element or structure load/store
for the A32 instruction set.

Assembler Symbols
<c> For encoding Al: see Standard assembler syntax fields. This encoding must be unconditional.

For encoding T1: see Standard assembler syntax fields.

<q> See Standard assembler syntax fields.

<size> Is the data size, encoded in “size”:

size <size>
00 8

01 16

10 32

11 RESERVED

<list> Is a list containing the 64-bit names of the SIMD&FP registers.
The list must be one of:
{ <Dd>, <Dd+1>, <Dd+2>, <Dd+3> }
Single-spaced registers, encoded in the "itypetype" field as 0b0000.

{ <Dd>, <Dd+2>, <Dd+4>, <Dd+6> }
Double-spaced registers, encoded in the "itypegype" field as 0b0001.

The register <Dd> is encoded in the "D:Vd" field.
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<Rn> Is the general-purpose base register, encoded in the "Rn" field.

<align> Is the optional alignment.

Whenever <align> is omitted, the standard alignment is used, see Unaligned data access, and is encoded in the "align" field as
0b00.
Whenever <align> is present, the permitted values are:
64
64-bit alignment, encoded in the "align" field as 0b01.

128
128-bit alignment, encoded in the "align" field as 0b10.

256
256-bit alignment, encoded in the "align" field as Ob11.

: is the preferred separator before the <align> value, but the alignment can be specified as @<align>, see Advanced SIMD
addressing mode.

<Rm> Is the general-purpose index register containing an offset applied after the access, encoded in the "Rm" field.

For more information about the variants of this instruction, see Advanced SIMD addressing mode.
Operation

if ConditionPassed() then
EncodingSpecificOperations(); CheckAdvSIMDEnabled() ;
address = R[n]; iswrite = TRUE;
- = AArch32.CheckAlignment (address, alignment, AccType VEC, iswrite);
for e = 0 to elements-1
MemU [address, ebytes] = Elem[D[d], e]
MemU [address+ebytes, ebytes] = Elem[D[d2],e];
MemU [address+2*ebytes, ebytes] = Elem[D[d3],e];
MemU [address+3*ebytes, ebytes] = Elem[D[d4],e]
address = address + 4*ebytes;
if wback then
if register index then
R[n] = R[n] + R[m];
else
RIn] = R[n] + 32;

’

’
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Top-level encodings for A32

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
cond | op0 | lop1|
Decode fields Instruction details
cond op0 opl
= 1111 | 00x Data-processing and miscellaneous instructions
= 1111 010 Load/Store Word, Unsigned Byte (immediate, literal)
= 1111 011 Load/Store Word. Unsigned Byte (register)
= 1111 011 Media instructions
10x Branch, branch with link, and block data transfer
11x System register access, Advanced SIMD, floating-point, and Supervisor call
1111 Oxx 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
[ =111 [ 00 JopQ| op1 | lop2| op3 [op4]
Decode fields . .
op0 opl op2 op3 op4 Instruction details
0 1 = 00 1 Extra load/store
0 0xxxx 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 '= 10xx0 0 Data-processing register (immediate shift)
0 = 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 3 2 1 0
| =111 | 000 | lop0| [1]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 11 10 9 8 7 6 5 4 3 2 1 0
| =111 Jo 0 o[P[uU]o[wW]|o1] Rn | Rt [(0)[()[©)]©)] 1]!=00]1] Rm |
cond op2
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The following constraints also apply to this encoding: cond != 1111 && op2 =00 && cond != 1111 && op2 !=00

P Ii:]code :)ile 1ds op2 Instruction Details

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

0 1 0 10 | UNALLOCATED

0 1 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 1 10 9 8 7 6 5 4 3 2 1 0
[ =111 Jo 0 o[P[uU]1][w]o1] Rn | Rt | imm4H [1[1=00[1] imm4L |
cond op2

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

P:W Oliecode ﬁelgil op2 Instruction Details
0 1111 10 LDRD (literal)

=01 1 1111 01 | LDRH (literal)

=01 1 1111 10 | LDRSB literal)

=01 1 1111 11 | LDRSH (literal)
00 0 !'= 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 0 != 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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P:W Ol:ecode ﬁell(;sn op2 Instruction Details

10 0 01 STRH (immediate) — offset

10 0 11 STRD (immediate) — offset

10 1 '= 1111 | 01 LDRH (immediate) — offset

10 1 '= 1111 10 LDRSB (immediate) — offset

10 1 '= 1111 11 LDRSH (immediate) — offset

11 0 '= 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 11 10 9 8 7 6 5 4 3 2 1 0
[ =111 Jo 0 0 0] opc [S] RdHi | Rdlo | Rm [1 0 0 1] Rn |
cond

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

D:;gde ﬁel(;s Instruction Details
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 1 10 9 8 7 6 5 4 3 2 1 O

| =111 [ 0001 opO| [ 11 | [ 1001 |
Decode fields Instruction details
op0
0 UNALLOCATED
1 Load/Store Exclusive and L.oad-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
| =111 |0 0 0 1 1 |sizetype| L | Rn |  xRd [(D](1)]ex|ordf 1 0 0 1 xRt |
cond
The following constraints also apply to this encoding: cond != 1111 && cond != 1111
sizetypeDecofe ﬁel:; ord Instruction Details
00 0 0 0 STL
00 0 0 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 0 UNALLOCATED
01 0 1 STLEXD
01 0 1 STREXD
01 1 0 UNALLOCATED
01 1 1 0 LDAEXD
01 1 1 1 LDREXD
10 0 0 0 STLB
10 0 0 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 0 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 2 1
[ =111 | 00010 | op0 [ 0] [0] opt
f));(c)ode ﬁ::;dls Instruction details
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.

Top-level encodings for A32

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
[ =111 |0 0 0 1 0/ opc | O] imm12 [0 1 1 1] imm4 |
cond
The following constraints also apply to this encoding: cond != 1111 && cond != 1111
Decode fields Instruction Details
opc
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 8 7 6 5 4 3 2 1 0
| =111 J0o 0 0 1 0] opc [0] mask | Rd [(O)]©|[B]m|0 0 0 0] Rn |
cond

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

I:)e;c;)de ﬁelgs Instruction Details
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 2 1 0
[ =111 Jo 0 0 1 0] sz [0] Rn | Rd [O]o][cl]o]o 1 0 o] Rm |
cond

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

D:;Ode ﬁel((jis Instruction Details

00 0 CRC32 — CRC32B

00 1 CRC32C — CRC32CB

01 0 CRC32 — CRC32H

01 1 CR(C32C — CRC32CH

10 0 CR(C32 — CRC32W

10 1 CR(C32C — 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 2 1 0
[ =111 J0o 0 0 1 0] opc [O] Rn | Rd [O)]O)[O)]0]0 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 2 1
| =111 |0 0 0 1 0] opc [O] Rd | Ra | Rm [1[M[N]oO] Rn |
cond

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

OpIZecodelevfleldsN Instruction Details

00 SMLABB, SMLABT, SMLATB, SMLATT
01 0 0 SMLAWB, SMLAWT — SMLAWB

01 0 1 SMULWB, SMULWT — SMULWB
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OplZecodTv[ﬁeldsN Instruction Details

01 1 0 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
| '=1111 | 000 | opO | lop1| 0]
The following constraints also apply to this encoding: op0:op1 != 100
Decode fields Instruction details
op0 opl
Ox Integer Data Processing (three register, 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 2 1 0
[ =111 [0 0 0 0] opc [S] Rn | Rd | imm5 Istypetype| 0 | Rm |
cond

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

ope DeSc ode ﬁeldsRn Instruction Details
000 AND, ANDS (register)
001 EOR. EORS (register)
010 0 = 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 | 0 | '= 1101 | ADD.ADDS (register) — ADD
100 0 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

Top-level encodings for A32

10 9 8 7 6 5 4 3 2 1 0
| =111 [0 0 0 1 O opc [1] Rn [(0)[(0)[(0)](0)] imm5 Istypetype| 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 0
| 1=1111 [0 0 0 1 1| opc [S] Rn | Rd | imm5 Istypetyps| 0 | 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 3 2 1 0
[ =111 | 000 [ op0 | lop1| [0] [ 1]
The following constraints also apply to this encoding: op0:op1 != 100
Decode fields Instruction details
op0 opl
Ox 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 0
| !=1111 [0 0 0 0| opc [S] Rn | Rd | Rs | 0 [stypetype| 1 | Rm |
cond

The following constraints also apply to this encoding: cond != 1111 && cond != 1111
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Decog;:cﬂelds Instruction Details
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)

Integer Test and Compare (two 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 0
[ =111 Jo 0 0 1 0fopc [1] Rn  [OlO©®]©] Rs [0[stypetype 1] Rm |
cond
The following constraints also apply to this encoding: cond != 1111 && cond != 1111
Decode fields Instruction Details
opc
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 2 1 0
| =111 [0 0 0 1 1] opc [S] Rn | Rd | Rs | 0 [stypetype] 1 | Rm |
cond
The following constraints also apply to this encoding: cond != 1111 && cond != 1111
Decode fields Instruction Details
opc
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
[ =111 | 001 | op0 | | op1 |
Decode fields Instruction details
op0 opl
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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
[ =111 Jo 0 1 0] opc |[S] Rn | Rd | imm12
cond
The following constraints also apply to this encoding: cond != 1111 && cond != 1111
ope Desc ode ﬁeldsRn Instruction Details
000 AND, ANDS (immediate)
001 EOR, EORS (immediate)
010 | O | '= 11x1 | SUB,SUBS (immediate) — SUB
010 0 1101 SUB, SUBS (SP minus immediate) — SUB
0101 O 1111 ADR — A2
010 | 1 = 1101 SUB, SUBS (immediate) — SUBS
010 | 1 1101 SUB, SUBS (SP minus immediate) — SUBS
011 RSB, RSBS (immediate)
100 O | !'= 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
| =111 _Jo 0 1 1 o[H|[0O 0] imm4 | Rd | imm12
cond

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

Decod:l fields Instruction Details
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 6 5 4
| =111 _Jo o 1 1 o[R[1 o] imm4 [MD[MO[MD][M)] imm12
cond
The following constraints also apply to this encoding: cond != 1111 && cond != 1111
R:immd4 Decode ﬁeld:mmlz Instruction Details Architecture Version
= 00000 MSR (immediate) -
00000 xxxx00000000 | Nop -
00000 xxxx00000001 | YIELD -
00000 xxxx00000010 | WEE -
00000 xxxx00000011 | WEFI -
00000 xxxx00000100 | SEV -
00000 xxxx00000101 | SEVL -
00000 xxxx0000011x | Reserved hint, behaves as NOP | -
00000 xxxx00001xxx | Reserved hint, behaves as NOP | -
00000 xxxx00010000 | ESB Armv8.2
00000 xxxx00010001 | Reserved hint, behaves as NOP | -
00000 xxxx00010010 | TSBCSYNC Armv8.4
00000 xxxx00010011 Reserved hint, behaves as NOP | -
00000 xxxx00010100 | CSDB -
00000 xxxx00010101 | Reserved hint, behaves as NOP | -
00000 xxXxXx00011xxx | Reserved hint, behaves as NOP | -
00000 xxxx0001111x | Reserved hint, behaves as NOP | -
00000 xxxx001xxxxx | Reserved hint, behaves as NOP | -
00000 xxXxxXx01xxxxxx | Reserved hint, behaves as NOP | -
00000 XxXxX10XXXXXX Reserved hint, behaves as NOP | -
00000 xXxXXx110XxXxXxXX Reserved hint, behaves as NOP | -
00000 xxxx1110xxxx Reserved hint, behaves as NOP | -
00000 xxxx1111xxxx | 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 6 5 4
| =111 |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

Deco(c)l;cﬁelds Instruction Details
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 7 6 5 4 3 2 1 0
| =111 Jo 0 1 1 1] opc [S] Rn | Rd | imm12
cond
The following constraints also apply to this encoding: cond != 1111 && cond != 1111
Decog;cﬁelds Instruction Details
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 7 6 5 4 3 2 1 0
[ =111 |0 1 0|P|U][o2[W]o1] Rn | Rt | imm12
cond
The following constraints also apply to this encoding: cond != 1111 && cond != 1111
P:W l)ze codeot}elds Rn Instruction Details
'= 01 0 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 != 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 '= 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
| =111 _Jo 1 1[P]UJo2[|W]o1] Rn | Rt | imm5 lstypetypel 0| Rm |
cond

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

Decode fields

02

W

Instruction Details

ol

P
| 0 | 0 | 0 | 0 | STR (register) — post-indexed
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P Ds;ode f;;lds ol Instruction Details

0 0 0 1 LDR (register) — post-indexed
0 0 1 0 STRT

0 0 1 1 LDRT

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

0 1 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 4
| =111 | o | op0 | | op1 [1]
Ig;(c)ode ﬁel(i;l Instruction details
00xxx Parallel Arithmetic
01000 | 101 | SEL
01000 | 001 | UNALLOCATED
01000 | xx0 | PKHBT, PKHTB
01001 | xO1 | UNALLOCATED
01001 | xx0 | UNALLOCATED
0110x | x01 | UNALLOCATED
0110x | xx0 | UNALLOCATED
01x10 | O01 | saturate 16-bit
01x10 | 101 | UNALLOCATED
01x11 | xO1 | Reverse Bit/Byte
01x1x | xx0 | Saturate 32-bit
Olxxx | 111 | UNALLOCATED
Olxxx | 011 Extend and Add
10xxx Signed multiply, Divide
11000 | OO0 | Unsigned Sum of Absolute Differences
11000 | 100 | UNALLOCATED
11001 | x00 | UNALLOCATED
1101x | x00 | UNALLOCATED
110xx | 111 | UNALLOCATED
1110x | 111 | UNALLOCATED
1110x | x00 Bitfield Insert
11110 | 111 | UNALLOCATED
11111 111 Permanently UNDEFINED
1111x | x00 | UNALLOCATED
11x0x | x10 | UNALLOCATED
11x1x | x10 | Bitfield Extract
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1lxxx

011

UNALLOCATED

1lxxx

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 2 1
| =111 Jo 1 1 0 0] opt1 | Rn | Rd (DD B] op2 [ 1] Rm |
cond

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

Opll)ecod]e;ﬁeldipz Instruction Details
000 UNALLOCATED
001 1] O 00 SADDI16

001 | O 01 SASX

001 | O 10 SSAX

001 | O 11 SSUB16

001 | 1 00 SADDS

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

010 | O 00 QADDI16

010 | O 01 QASX

010 | O 10 QSAX

010 | O 11 QSUBI6

010 | 1 00 QADDS

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

011 O 00 SHADDI16

011 ] O 01 SHASX

011 ] O 10 SHSAX

011 ] O 11 SHSUB16

011 ] 1 00 SHADDS

011 ] 1 01 UNALLOCATED
011 ] 1 10 UNALLOCATED
011 ] 1 11 SHSUBS

100 UNALLOCATED
101 ] O 00 UADDI16

101 ] O 01 UASX

101 ] O 10 USAX

101 ] O 11 USUBI16

101 | 1 00 UADDS

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

110 | O 00 UQADDI16
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Op?ecod]e;ﬁeldipz Instruction Details
110 | O 01 UQASX

110 | O 10 UQSAX

110 | O 11 UQSUBI16

110 | 1 00 UQADDS

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

111 | 0 00 UHADDI16

111 ] 0O 01 UHASX

111 ] 0O 10 UHSAX

111 ] 0O 11 UHSUBI16

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 13 12 11 10 9 8 7 6
| =111 Jo 1 1 0 1[U[1 0] satimm | Rd (DD o o
cond

5 4 3 2 1 0
1 1

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

Decodé fields Instruction Details
0 SSAT16
1 USATI6

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 13 12 1 10 9 8 7 6 5 4 3 2 1 0
L =111 o 1 1 0 1]o1[1 1]MIMIMIM)] Rd I(HIMIM[(M[o2][0 1 1]  Rm |
cond

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

Doelcode ﬁe(:(zis Instruction Details
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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| =111

[0 1 1

0 1|U[1] satimm | Rd

cond

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

Decodé 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 11

| 1= 1111

[0 1 1

0 1|U| op | Rn | Rd

|rotate|(0)|(0)|

cond

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

U ]z;code ﬁeldl;n Instruction Details
0O | 00| !'= 1111 | SXTABI6
0] 00 1111 SXTB16
O |10 ]| != 1111 | SXTAB
0] 10 1111 SXTB

O |11 ] !'= 1111 | SXTAH
0|11 1111 SXTH

1 00| !'= 1111 | UXTABI6
1100 1111 UXTBI16
1 (10| !'= 1111 | UXTAB
1110 1111 UXTB

1 |11 ] !'= 1111 | UXTAH
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

| =111

[0 1 1

0| opt1 | Rd | Ra

cond

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

opl DeIc{(;de fields op2 Instruction Details
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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opl Deli(;de fields op2 Instruction Details

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

001 != 000 | UNALLOCATED

010 UNALLOCATED

011 000 UDIV

011 != 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 01lx 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
| =111 _Jo 1 11100 O] Rd | Ra | Rm [0 0 0 1 Rn |
cond
The following constraints also apply to this encoding: cond != 1111 && cond != 1111
Decode fields Instruction Details
Ra
'= 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
[ =111 Jo 1 1 1 1 1 0] msb | Rd | Isb 0 0 1 Rn |

cond

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

Decode fields Instruction Details
Rn
= 1111 | BFI
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Decode fields Instruction Details
Rn
1111 BFC

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 0
| =111 Jo 1. 1 1 1 1 1 1] imm12 [1 1 1 1
cond

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

Dect‘:}f‘gelds Instruction Details
Oxxx 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 O
| !I=1111 Jo 1 1 1 1[U[1] widthm1 | Rd | Isb 1 0 1] Rn |
cond

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

Decodé fields 1 struction 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 1 10 9 8 7 6 5 4 3 2 1 O

cond | 10 [op0]
?Oe:((l)de ﬁeldsopﬂ Instruction details
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
111110 0o[P[U[S[W][L] Rn | op mode |
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P De:jode fi;lds L Instruction Details
0 0 UNALLOCATED
0 0 0 1 RFE, RFEDA, RFEDB, RFEIA, RFEIB — Decrement After
0 0 1 0 SRS, SRSDA, SRSDB, SRSIA, SRSIB — Decrement After
O | 1 | O | 1 | RFE RFEDA,RFEDB,RFEIA, RFEIB — Increment After
0 1 1 0 SRS, SRSDA, SRSDB, SRSIA, SRSIB — Increment After
1 0 0 1 RFE, RFEDA, RFEDB, RFEIA, RFEIB — Decrement Before
1 0 1 0 SRS, SRSDA, SRSDB, SRSIA, SRSIB — Decrement Before
111 UNALLOCATED
1 1 0 1 RFE, RFEDA, RFEDB, RFEIA, RFEIB — Increment Before
1 1 0 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 1 10 9 8 7 6 5 4 3 2 1 0
[ =111 |1 0 O0[P[U]Jop|W][L] Rn | register_list
cond

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

P U op LDecode fields register list Instruction Details
OO0 0 0 STMDA, STMED
0 0 0 1 LDMDA, LDMFA
0 1 0 0 STM, STMIA, STMEA
0 1 0 1 LDM, LDMIA, LDMFD
1 0 STM (User registers)
1 0 0 0 STMDB, STMFD
1 0 1 LDMDB, LDMEA
1 1 | OXXXXXXXXXXXXXXX | LDM (User registers)
1 1 0 0 STMIB, STMFA
1] 1 0 1 LDMIB, LDMED
1 1 | IXXXXXXXXXXXXKXXX | 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 11 10 9 8 7 6 5 4 3 2 1 O

cond [1 0 1[H] imm24
Dce(e)cl:)(;ie fields 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 [ op0 | | op1 | lop2|
Decode fields Instruction details
cond op0 opl op2
Ox | 111 System register load/store and 64-bit move
10 | 10x 0 Floating-point data-processing
10 111 1 System register 32-bit move
11 Supervisor call
1111 0x 1x0 Advanced SIMD three registers of the same length extension
1111 10 1x0 Advanced SIMD two registers and a scalar extension
= 1111 Ox | 10x Advanced SIMD load/store and 64-bit move
= 1111 10 10x 1 Advanced SIMD and floating-point 32-bit move
System register 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
| 110 | op0 | [ 111 ]
Decode fields Instruction details
op0
00x0 System register 64-bit move
= 00x0 System register load/store
System register 64-bit move
These instructions are under System register load/store and 64-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
cond [1 1 0 0 o|[D|O]L] Rt2 | Rt [1 1 1lp15 opc1 | CRm |
Decode fields . .
cond D L Instruction Details
'= 1111 | 1 0 MCRR
= 1111 | 1 1 MRRC
0 UNALLOCATED
1111 1 UNALLOCATED
System register load/store
These instructions are under System register load/store and 64-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
cond [1 1 o|PJu[D|[wW]|L] Rn | CRd [1 1 1[cp15 imm8
The following constraints also apply to this encoding: P:U:D:W != 00x0
Decode fields . .
cond PUW D L Rn CRd cpl5 Instruction Details
= 1111 | !'= 000 | O != 0101 0 UNALLOCATED
!= 1111 | != 000 | O 1 1111 0101 0 LDC (literal)
'= 1111 | '= 000 1 UNALLOCATED
'= 1111 | !'= 000 | 1 0101 0 UNALLOCATED
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cond PUUW D Decfde elds Rn CRd cpl5 Instruction Details
= 1111 Ox1 0 0 0101 0 STC — post-indexed
= 1111 0x1 0 1 '= 1111 0101 0 LDC (immediate) — post-indexed
= 1111 010 010 0101 0 STC — unindexed
'= 1111 010 0 1 '= 1111 0101 0 LDC (immediate) — unindexed
= 1111 1x0 0 0 0101 0 STC — offset
= 1111 1x0 0 1 |!'= 1111 0101 0 LDC (immediate) — offset
= 1111 1x1 0 0 0101 0 STC — pre-indexed
= 1111 1x1 0 1 '= 1111 0101 0 LDC (immediate) — pre-indexed
1111 '= 000 UNALLOCATED

Floating-point data-processing

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
cond | 1110 | op0 | op1 | | 10 [ op2 | Jop3 O]
Decode fields . .
cond op0 opl op2 op3 Instruction details
1111 Oxxx '= 00 0 Floating-point conditional select
1111 1x00 = 00 Floating-point minNum/maxNum
1111 1x11 0000 | '= 00 1 Floating-point extraction and insertion
1111 1x11 Ixxx | '= 00 1 Floating-point directed convert to integer
= 1111 1x11 1 Floating-point data-processing (two registers)
= 1111 1x11 0 Floating-point move immediate
= 1111 = 1x11 Floating-point data-processing (three registers)
Floating-point conditional select
These instructions are under Floating-point 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
(111111 10 0[D] cc | Vn | vd [1 of[r=00[N[O[M]O Vm |
size
The following constraints also apply to this encoding: size != 00 && size != 00
Decode fieilds Instruction Details
cc size
00 VSELEQ, VSELGE, VSELGT, VSELVS — VSELEQ
01 VSELEQ, VSELGE, VSELGT, VSELVS — VSELVS
01 UNALLOCATED
10 VSELEQ, VSELGE, VSELGT, VSELVS — VSELGE
11 VSELEQ, VSELGE, VSELGT, VSELVS — VSELGT
Floating-point minNum/maxNum
These instructions are under Floating-point 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
111111 10 1]/]D[0 0] Vn | Vd [1 0[!=00[N]op[M][O] Vm |
size
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The following constraints also apply to this encoding: size != 00 && size != 00

D.ecode fields Instruction Details
size op
0 | VMAXNM
01 UNALLOCATED

1 VMINNM

Floating-point extraction and insertion

These instructions are under Floating-point 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 2 0
[11 111110 1]D[1 1 0 0 0 0] vd [1 0[1=00]op|[1[M]O] Vm |
size
The following constraints also apply to this encoding: size != 00 && size != 00
D'e code 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 Floating-point 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 2 1 0
11111110 1[D[1 1 1]o1] 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 . .
ol RM size Instruction Details
0 00 VRINTA (floating-point)
0 01 VRINTN (floating-point)
01 UNALLOCATED
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)
Floating-point data-processing (two registers)
These instructions are under Floating-point 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 2 1
[ =111 |1 1 1 0 1][D[1 1]o1] opc2 | vd [1 0] size [03[1[M]0] Vm |
cond
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The following constraints also apply to this encoding: cond != 1111 && cond != 1111

Decode fields . . Architecture

ol opc2 size 03 Instruction Details Version
00 UNALLOCATED -

0 | 000 | O1 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 -

B | 8kx | & UNALLOCATED |

0 | 010 | O1 UNALLOCATED |

e | 848 e VEVTB— half-precision to-double-preeision =

0 010 1 VCVTT — half-precision to double-precision -

0 011 0 VCVTB — double-precision to half-precision -

0 011 1 VCVTT — double-precision to half-precision -

0 | 100 0 VCMP — Al -

0 | 100 1 VCMPE — Al -

0 | 101 0 VCMP — A2 -

0 | 101 1 VCMPE — A2 -

0 | 110 0 | VRINTR -

0 110 1 VRINTZ (floating-point) -

0 111 0 VRINTX (floating-point) -

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 VICVT Armv8.3

1 01lx VCVT (between floating-point and fixed-point, floating-point) -

1 1100 0 VCVTR -

1 100 1 VCVT (floating-point to integer, floating-point) -

1 ] 101 0 VCVTR -

1 101 1 VCVT (floating-point to integer, floating-point) -

1 11x VCVT (between floating-point and fixed-point, floating-point) -

Floating-point move immediate
These instructions are under Floating-point 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 O
| !I=1111 |1 1 1 0 1[D[1 1] imm4H | vd |1 0] size [(0]0]©)]0] imm4L |
cond

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

size Instruction Details Architecture Version
00 UNALLOCATED -

01 VMOV (immediate) — half-precision scalar ArmvS8.2

10 VMOV (immediate) — single-precision scalar | -

11 VMOV (immediate) — double-precision scalar | -

Floating-point data-processing (three registers)

These instructions are under Floating-point 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
[ =111 |1 1 1 0[o0/D| o1 | Vn | vd [1 0] size [N[o2]|M]| 0] Vm |
cond

The following constraints also apply to this encoding: cond != 1111 && 00:D:ol != 1x11 && cond != 1111

oozoliecode f;(ie;zls 02 Instruction Details
!'= 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 | vyNMUL

011 0 VADD (floating-point)

011 1 VSUB (floating-point)

100 0 VDIV

101 0 VENMS

101 1 VFNMA

110 0 VFMA

110 1 VFMS

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 O

cond | 11 10 | opc1 |L| CRn | Rt | 1 1 1 |cp15| opc2 | 1 | CRm |
Dceocl?: ¢ felds L Instruction Details

= 11111 0 MCR
= 1111 | 1 MRC
1111 UNALLOCATED

Supervisor call

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 1 10 9 8 7 6 5 4 3 2 1 0
cond | 1111 |
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cond
1111 UNALLOCATED
'= 1111 SvC

Top-level encodings for A32

Advanced SIMD three registers of the same length extension

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 2 1
[11 11 1 1 0] op1 [D] op2 | Vn | vd | 1]op3 0 Jop4 N[Q[M][U] Vm |
opl op2 Decog;;i eldsop 4 Q U Instruction Details Architecture Version
x1 Ox 0 0 0 0 VCADD — 64-bit SIMD vector Armv8.3
x+ O e el O | vcADB Armve3
X168 | O0x+6 0 0 0 1 VEMAL (veeto)\UNALLOCATED -Armv82

x1 0x 0 0 1 0 VCADD — 128-bit SIMD vector Armv8.3
80 10 + & S | & | VSDOT(veetor)—64-bit SIMBD-vector Armv82
x1 Ox 0 0 1 1 | UNALLOCATED i
80 30 + =2 8 | £ | VUDOT (vector)—64-bitSIMDveetor | Armvd2
00 0x 0 0 UNALLOCATED i
80 30 + & 1 | 8 | VSDOT(veector)—128-bitSIMD veetor | Armvd2
00 Ox 0 1 UNALLOCATED i
00 30 + & 1 | £ | VUDOT (vector)—128bit SIMD vector | ArmvS2
00 00 1 0 0 0 UNALLOCATED -
ens 10 e el 4 | VEMSL (vector) Armv82
00 00 1 0 0 1 | UNALLOCATED i

I e el O | veMEA Armv83
00 00 1 0 1 1 | UNALLOCATED i
00 00 1 1 0 1 | UNALLOCATED i
00 00 1 1 1 1 | UNALLOCATED i
00 01 1 0 UNALLOCATED -
00 01 1 1 UNALLOCATED -
00 10 0 0 1 VEMAL (vector) Armv8.2
00 10 0 1 UNALLOCATED i
00 10 1 0 UNALLOCATED i
00 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 10 1 1 1 0 VSDOT (vector) — 128-bit SIMD vector | Armv8.2
00 10 1 1 1 1 VUDOT (vector) — 128-bit SIMD vector | ArmvS.2
00 11 0 1 UNALLOCATED -
00 11 1 0 UNALLOCATED i
00 11 1 1 UNALLOCATED i
01 10 0 0 1 VEMSL (vector) Armv8.2
01 11 UNALLOCATED -

1x 0 0 0 VCMLA Armv8.3
10 11 UNALLOCATED -
11 11 UNALLOCATED i
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Advanced SIMD two registers and a scalar extension

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 O

[11 11 1 1 1 0Jopl D] op2 | Vn | vd [ 1lop3 0 Jop4N[Q[M][U Vm |
opl op2 Degg;ie ﬁel:)l; 4 Q U Instruction Details Architecture Version
0 0 0 0 VCMLA (by element) — half-precision scalar Armv8.3
0 00 0 0 1 VFMAL (by scalar) Armv8.2
0 01 0 0 1 VFMSL (by scalar) Armv8.2
0 10 1 1 0 0 VSDOT (by element) — 64-bit SIMD vector Armv8.2
0 10 1 1 0 1 VUDOT (by element) — 64-bit SIMD vector Armv8.2
0 10 1 1 1 0 VSDOT (by element) — 128-bit SIMD vector Armv8.2
0 10 1 1 1 1 VUDOT (by element) — 128-bit SIMD vector Armv8.2
1 0 0 0 VCMLA (by element) — single-precision scalar | Armv8.3

Advanced SIMD 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 O

| =111 | 110 |  op0 | | 10 |
Decode fields Instruction details
op0
00x0 Advanced SIMD and floating-point 64-bit move

'= 00x0 Advanced SIMD and floating-point load/store

Advanced SIMD and floating-point 64-bit move

These instructions are under Advanced SIMD load/store and 64-bit move.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
| =111 |1 1 0 0 0]|D]|0|op] Rt2 | Rt [1 0] size | opc2 [ M [03] Vm |
cond

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

D op Decs(;(li: ﬁeldospcz 03 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
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Advanced SIMD and floating-point load/store

These instructions are under Advanced SIMD load/store and 64-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
[ =111 |1 1 o[P[Uu|D[W]|[L] Rn | Vd [1 0] size | imm8
cond
The following constraints also apply to this encoding: cond != 1111 && P:U:D:W !=00x0 && cond != 1111
P U W L Decoltit; fields size imm$ Instruction Details
010 1 UNALLOCATED
011 0x UNALLOCATED
011 0 10 VSTM, VSTMDB, VSTMIA
0 1 0 11 | xxxxxxx0 | VSTM, VSTMDB, VSTMIA
0 1 0 11 XXXXxXxX1 FSTMDBX, FSTMIAX — Increment After
011 1 10 VLDM, VLDMDB, VLDMIA
011 1 11 | xxxxxxx0 | VLDM, VLDMDB, VLDMIA
0 1 1 11 | xxxxxxx1l | FLDM*X (FLDMDBX, FLDMIAX) — Increment After
1 0 0 VSTR
1 0 00 UNALLOCATED
1 0 1 '= 1111 VLDR (immediate)
1 0 1 Ox UNALLOCATED
110 1 0 10 VSTM, VSTMDB, VSTMIA
1 0 1 0 11 | xxxxxxx0 | VSTM, VSTMDB, VSTMIA
1 0 1 0 11 | xxxxxxx1l | 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 XXXXXKX ] FLDM*X (FLDMDBX, FLDMIAX) — Decrement Before
1 0 1 1111 VLDR (literal)
1 1 1 UNALLOCATED
Advanced SIMD and floating-point 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
[ =111 | 1110 [ op0 | | 101 op1] | 11111 |
l());;ode fi:z)l:]s Instruction details
000 0 VMOV (between general-purpose register and single-precision)
111 0 Floating-point move special register
1 Advanced SIMD 8/16/32-bit element move/duplicate
Floating-point move special register
These instructions are under Advanced SIMD and floating-point 32-bit move.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
| !=11;1 [1 1 101 1 1JL] rg | R [1 01 0[@OIO[1][0O]O0O)
con

The following constraints also apply to this encoding: cond != 1111 && cond != 1111
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DeCOdIEj fields Instruction Details
0 VMSR
T VMRS

Advanced SIMD 8/16/32-bit element move/duplicate

These instructions are under Advanced SIMD and floating-point 32-bit move.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
[ =111 |1 1 1 0] opct [L] Vn | Rt [1 0 1 1[N]opc2]1]0)]0)]0)]0)]
cond

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

Opcll)ecodf field(s)pcz Instruction Details

0xx 0 VMOV (general-purpose register to scalar)
1 VMOV (scalar to general-purpose register)

1xx | O (0D:4 VDUP (general-purpose register)

1xx 0 1x UNALLOCATED

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 1 10 9 8 7 6 5 4 3 2 1 0

| 11110 [ op0 | lop1|
lzle)(c)ode ﬁzlpdls Instruction details
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 | | op1 |
Decode fields Instruction details Architecture version
op0 opl
Oxxxx UNALLOCATED -

10000 | xx0x Change Process State -
10001 | 1000 | UNALLOCATED -
10001 | x100 | UNALLOCATED -
10001 | xx01 | UNALLOCATED -
10001 | 0000 | SETPAN Armvs.1
1000x | 0111 | UNALLOCATED -
10010 | 0111 | CONSTRAINED UNPREDICTABLE | -
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10011 | 0111 | UNALLOCATED -
1001x | xx0x | UNALLOCATED -
100xx | 0011 | UNALLOCATED -
100xx | O0x10 | UNALLOCATED -
100xx | 1x1x | UNALLOCATED -
101xx UNALLOCATED -
11lxxx 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 5 4 2 1
[11 110001000 Ollmod|M|op|0)|(O|(O)|0)|(0|(0|E|A|I|F|0| mode |
Decode fields . .
imod M op mode Instruction Details
1 Oxxxx | SETEND
0 CPS, CPSID, CPSIE
1 Ixxxx 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 1 10 9 8 7 6 5 4 2 1
1111001 | lopQ| lop1|
Decode fields Instruction details
op0 opl
0 Advanced SIMD three registers of the same length
1 0 Advanced SIMD two registers, or three registers 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 2 1
111 1 0 0 1[/U[0]|D]| size | Vn | vd | opc IN[Q[M]o1] Vm |
. 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 Ox [ 1110 0 VCEQ (register) — A2 -
0 Ox | 1111 0 VMAX (floating-point) -
0 Ox | 1111 1 VRECPS -
0000 0 VHADD -
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U size Decoc(i)e;fc'lelds Q ol Instruction Details Architecture Version
0 00 [ 0001 1 VAND (register)
0000 1 VQADD
0001 0 | VRHADD
0 00 | 1100 0 SHAILC
0010 0 VHSUB
0 01 0001 1 VBIC (register)
0010 1 VQSUB
0011 0 VCGT (register) — Al
0011 1 VCGE (register) — Al
0O 01 | 1100 0 SHAIP
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 Ix | 1111 0 VMIN (floating-point)
0 Ix (1111 1 VRSQRTS
0100 0 VSHL (register)
0 1000 0 VADD (integer)
0 10 | 0001 1 VORR (register)
0 1000 1 VTST
0100 1 VQSHL (register)
0 1001 0 VMLA (integer)
0101 0 VRSHL
0101 1 VQRSHL
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
O 11 | 1100 0 SHA1SUO
1 Ox | 1101 0 VPADD (floating-point)
1 Ox | 1101 1 VMUL (floating-point)
1 Ox 1110 0 VCGE (register) — A2
1 Ox | 1110 1 VACGE
1 0x 1111 0 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 | O 0 | VPMAX (integer)
1] 01 (0001 1 VBSL
1010 0 1 VPMIN (integer)
1010 1 UNALLOCATED
1 01 1100 0 SHA256H2
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U size Decotle;fc'lelds Q ol Instruction Details Architecture Version
1 1x | 1101 0 VABD (floating-point) -

1 1x | 1110 0 VCGT (register) — A2 -

1| 1x | 1110 1 VACGT -

1 1x 1111 0 0 VPMIN (floating-point) -

1 Ix | 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.

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

1111001 opol 1| [ opt | [ op2 |
op0 ]());clode ﬁeli;z 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

1= 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

1111 0 0 1 1 1][D[1 1] size | opct | vd [0] opc2 [Q|m]o0] |
size Opc1Dec0de ﬁe:)(:)scz Q Instruction Details
00 0000 VREV64
00 0001 VREV32
00 0010 VREV16
00 0011 UNALLOCATED
00 010x VPADDL
00 0110 0 AESE
00 0110 1 AESD
00 0111 0 AESMC
00 0111 1 AESIMC
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size Opc1Dec0de ﬁe:)(:)scz Q Instruction Details
00 1000 VCLS
00 10 0000 VSWP
00 1001 VCLZ
00 1010 VCNT
00 1011 VMVN (register)
00 10 1100 1 UNALLOCATED
06 310 VPADAL
00 110x+1106 VPADALVQABS
00 111033313+ VQABSVONEG
006+ | 1111x660 VQNEGVCGT (immediate #0)
01 x 000604 VCGT (immediate #0)VCGE-(immediate #0)
01 x001x63+0 VCGE (immediate #0)VCEQ-(immediate #0)
01 x01030++ VCEQ (immediate #0)VCEE-Gmmediate#0)
01 x011x3+65 VCLE (immediate #0)MCET Gmmediate #0)
01 x100x3+3+5 VCLT (immediate #0)VABS
01 x110x1+4 VABSMNEG
01 x11160363% VNEGSHALH
0136 | 01018686+ | 1 SHATHVIRN
10 000160646 VTRNMUZP
10 00108604++ VUZPVZIR
10 001164066 VZIPVMOVN
10 0100 0F [ —VOMOVUNVMOVNVOMOVN. VOMOVUN
10 01006364+ 1 VQMOVN, VQMOVUN — VQMOVUNVOMOVN
10 0101 VQMOVN, VQMOVUN — VQMOVN
e 0316 O | VSHEE
10 011084+ | O VSHLLSHALSUL
10 0111 04 | SHAISUISHA256SU0
10 011136086 | 1 SHA256SUOVRENTN-(Advanced-SIMD)
10 10004004 VRINTN (Advanced SIMD)VRINEX (Advanced-SIMD)
10 10013840 VRINTX (Advanced SIMD)VRINFA (Advanced- SIMBD)
10 101084+ VRINTA (Advanced SIMD)VRINTZ (Advanced-SIMD)
10 101131086 _singleprecisionto-half-precision VRINTZ (Advanced SIMD)VCVE (between half-precision
| imel ision. Ad | SIME
10 10 1100 1 UNALLOCATED
10 11004364+ | O VCVT (between half-precision and single-precision, Advanced SIMD)VRINTM (Advanced
SHEMB) — single-precision to half-precision
10 1101346 —half precision-to-single-preeision VRINTM (Advanced SIMD)VCVT (between half-precision
L sinel ision. Ad | SIME
10 1110 0% [ VCVT (between half-precision and single-precision, Advanced SIMD)—UNALLOCATEDalf-
precision to single-precision
10 111034343 | 1 VRINTP (Advanced SIMDYUNALLOCATED
1034+ | 11116686=x VRINTP (Advanced SIMD)MEVTA (Advanced SIMD)
11 000x804=¢ VCVTA (Advanced SIMD)VEVEN-(Advanced-SIMB)
11 001 x04+0s¢ VCVTN (Advanced SIMD)VCVEP (Advanced-SEMD)
11 010x0++s¢ VCVTP (Advanced SIMD)VCVEM (Advanced SIMD)
11 011x+6x6 VCVTM (Advanced SIMD)VREEPE
11 10x0+0ct VRECPEVRSQRTE
11 10x13dxx VRSQRTEME
11 10 1100 1 UNALLOCATED
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. Decode fields Instruction Details
size opcl opc2 Q
| | 11 | 1lxx | | 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 4 3 2 1

111100 1 1 1][D[1 1] imm4 | Vd [1 1] opc [Q|M]O] Vm |
Deco(()i;:cﬁelds Instruction Details
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 4 3 2 1

171110 0 1[U[1[D[!=11] Vn | vd | opc INJo[M]|oO] Vm

size

The following constraints also apply to this encoding: size != 11 && size !=11

Decode fields

U opc

0000 | vADDL

0001 | vADDW

0010 | VSUBL

0 0100 | VADDHN
0011 | VSUBW

0O [ 0110 | VSUBHN

0 1001 | VQDMLAL
0101 | VABAL

0O | 1011 | VQDMLSL

0O | 1101 | vOQDMULL
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

Instruction Details
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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 7 6 5 4 3 2 1 0
111 1 0 0 1][Q[1[D[!=11] Vn | vd | opc [N[1[m]o0] Vm |
size
The following constraints also apply to this encoding: size != 11 && size != 11
Decode fields Instruction Details Architecture Version
Q opc
000x VMLA (by scalar) -
0 0011 | VQDMLAL -
0010 | VMLAL (by scalar) | -
0 0111 | VQDMLSL -
010x | VMLS (by scalar) -
O | 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
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
000xxxxxxxxxxx0 Advanced SIMD one register and modified immediate
= 000xxxxxxxxxxX0 | 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
1111 0 0 1][i[1]/D]0 0 O] imm3 | Vd | omode |o0]|Qlop|1] imm4 |
Decode fields Instruction Details
cmode op
0xx0 0 VMOV (immediate) — A1l
0xx0 1 VMVN (immediate) — Al
Oxx1 0 VORR (immediate) — Al
Oxx1 1 VBIC (immediate) — Al
10x0 0 VMOV (immediate) — A3
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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) — AS
1111 1 UNALLOCATED

Top-level encodings for A32

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 11 10 9 8 7 6 5 4 3 2 1 0
1111 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
U imm3H:LDeCOdi‘:ni;l§;(;f ope Q Instruction Details
!'= 0000 0000 VSHR
!'= 0000 0001 VSRA
= 0000 000 1010 | O | vMOVL
I= 0000 0010 VRSHR
!'= 0000 0011 VRSRA
= 0000 0111 VQSHL, VQSHLU (immediate) — VQSHL
= 0000 1001 | O VQSHRN, VQSHRUN — VQSHRN
= 0000 1001 | 1 VQRSHRN, VQRSHRUN — VQRSHRN
'= 0000 1010 | O VSHLL
= 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 7 6 5 4 3 2 1 0
| 111101 | op0 [ 1] lop1|
l());coode fiel(;:)l Instruction details
00xx1 CONSTRAINED UNPREDICTABLE
01001 CONSTRAINED UNPREDICTABLE
01011 Barriers
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011x1 CONSTRAINED UNPREDICTABLE
Oxxx0 Preload (immediate)

1xxx0 0 Preload (register)

Ixxx1 0 CONSTRAINED UNPREDICTABLE
Ixxxx 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 7 6 5 4 3 2 1.0
(111101 010 1 1 1[MOIOOIOIOIDO][N]0)]0)] 0)|(o| opcode | option |
Opcmﬂecode ﬁf)lpdgon Instruction Details
0000 CONSTRAINED UNPREDICTABLE
0001 CLREX
001x CONSTRAINED UNPREDICTABLE
0100 | !'= 0x00 | DSB

0100 0000 SSBB
0100 0100 PSSBB

0101 DMB

0110 ISB

0111 SB

Ixxx CONSTRAINED UNPREDICTABLE

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 0

[1 111 0 1 0o[DJU[R][O 1] Rn [((O]M]M]()] imm12
D ];{ecode ﬁel(::n Instruction Details
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 0
[1 1110 1 1][D[Uo2[0 1] Rn [(DO]D]D]M)] imm5 Istypetype| 0 | Rm |
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Dscode ﬁ‘:)l;l S Instruction Details
0 0 Reserved hint, behaves as NOP
0 1 PLI (register)
1 0 PLD, PLDW (register) — preload write
1 1 PLD, PLDW (register) — preload read

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 2 1
11110100 lop0| [ 0| | op1 |
OIzlecode ﬁ:ll)(is Instruction details
0 Advanced SIMD load/store multiple structures
1 11 Advanced SIMD load single structure to all lanes
1 != 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 2 1
111101 00 o|[D[L][O] Rn | Vd | itypetype | size | align | Rm |
LDeco?t;;t;l:g;e Instruction Details
0 000x VST4 (multiple 4-element structures)
0 0010 VSTI1 (multiple single elements) — A4
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 VSTI (multiple single elements) — A2
1 000x VLD4 (multiple 4-element structures)
1 0010 VLDI1 (multiple single elements) — A4
1 0011 VLD2 (multiple 2-element structures) — A2
1 010x VLD3 (multiple 3-element structures)
1011 UNALLOCATED
1 0110 VLDI (multiple single elements) — A3
1 0111 VLDI1 (multiple single elements) — Al
11xx UNALLOCATED
1 100x VLD2 (multiple 2-element structures) — Al
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.
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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

171110100 1[D[L[O] Rn | vd |1 1] N |size [T]a] Rm |
]1) ecod; ﬁeldsa Instruction Details
0 UNALLOCATED
1100 VLD (single element to all lanes)
1101 VLD2 (single 2-element structure to all lanes)
1 10 0 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
171110100 1[D[L[O] Rn | vd [1=11] N | index_ align | Rm |
size

The following constraints also apply to this encoding: size = 11 && size !=11

Decode fields
size N

00 | 00 | VSTI (single element from one lane) — Al
00 | 01 | VST2 (single 2-element structure from one lane) — Al

Instruction Details

00 | 10 | VST3 (single 3-element structure from one lane) — Al
00 | 11 | VST4 (single 4-element structure from one lane) — A1l
01 | OO0 | VSTI (single element from one lane) — A2

01 01 VST2 (single 2-element structure from one lane) — A2
01 10 VST3 (single 3-element structure from one lane) — A2
01 11 VST4 (single 4-element structure from one lane) — A2
10 | 00 | VSTI (single element from one lane) — A3

10 | O1 | VST2 (single 2-element structure from one lane) — A3

10 | 10 | VST3 (single 3-element structure from one lane) — A3
10 | 11 | VST4 (single 4-element structure from one lane) — A3
00 00 VLD (single element to one lane) — Al

00 01 VLD?2 (single 2-element structure to one lane) — Al
00 10 VLD3 (single 3-element structure to one lane) — Al
00 11 VLD4 (single 4-element structure to one lane) — Al
01 | 00 | VLDI (single element to one lane) — A2

01 | 01 | VLD2 (single 2-element structure to one lane) — A2

01 | 10 | VLD3 (single 3-element structure to one lane) — A2
01 | 11 | VLD4 (single 4-element structure to one lane) — A2
10 | 00 | VLDI (single element to one lane) — A3

10 01 VLD?2 (single 2-element structure to one lane) — A3
10 10 VLD3 (single 3-element structure to one lane) — A3
10 | 11 | VLD4 (single 4-element structure to one lane) — A3

=l Bl Rl Haedl Had el adl el Bl Bl Bl Bl K=l Kl el ol ol H ol fol ol ol fol fol ol I
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(old) htmldiff from-

Top-level encodings for T32

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11

| op0 [ op1 |
Decode fields Instruction details
op0 opl
= 111 16-bit
111 00 B—T2
111 = 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> 1= 111

Deco(c)l;oﬁelds Instruction details
00xxxXx 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.

1514 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| 00 fop0| op1 fop2|

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.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

[0 0 01 1 0[S|] Rm | Rn | Rd |
Decod; fields Instruction Details
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 1 10 9 8 7 6 5 4 3 2 1 0

0 0 01 1 1[S|] im3 | Rn | Rd |
Decod; 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 1 10 9 8 7 6 5 4 3 2 1 0

|0 0 1] op | Rd | imm8
Decoc(l)epﬁelds Instruction Details
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 1 10 9 8 7 6 5 4 3 2 1 0

[001 0 0 0 O] op | Rs | Rd |
Decotit;)ﬁelds Instruction Details

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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Deco?)epﬂelds Instruction Details
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.

15 14 13 12 1 10 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.

7 6 5 4 3 2 1 0
LT Rm  [(0)[(0)[(0)]

15 14 13 12 11 10 9 8
01 0 00 1 1 1

Decodﬁ fields Instruction Details
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 1 10 9 8 7 6 5 4 3 2 1 0
01 0 0 0 1]!=11]D] Rs | Rd |
op

The following constraints also apply to this encoding: op !=11 && op =11

op I;) le;(;)de fields Rs Instruction Details

00 | !'= 1101 | !'= 1101 | ADD,ADDS (register)

00 1101 ADD. ADDS (SP plus register) — T1
00 1101 != 1101 | ADD, ADDS (SP plus register) — T2
01 CMP (register)

10 MOV, MOVS (register)

Page 240
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Load/store (register offset)

These instructions are under 16-bit.

%5 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

B Instruction Details

STR (register)
STRH (register)
STRB (register)
LDRSB (register)
LDR (register)
LDRH (register)

LDRB (register)
LDRSH (register)

RlRlrlr|lo|lolo|o|=
Rlolr|lolr|lolr|olx

=l el K=l K=l Nl Rl K el R &)

Load/store word/byte (immediate offset)

These instructions are under 16-bit.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

[0 1 1[B]L] imm5 | Rn | Rt |
Decode fields Instruction Details
B L
STR (immediate)
LDR (immediate)

STRB (immediate)
LDRB (immediate)

RO O
ROl |O

Load/store halfword (immediate offset)

These instructions are under 16-bit.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

(1 00 0OJL] imms | Rn | Rt |
Decodlfj fields 4 struction Details
0 STRH (immediate)
1 LDRH (immediate)

Load/store (SP-relative)

These instructions are under 16-bit.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

| 170 0 1 | L | Rt I imm8
Decodz fields Instruction Details
0 STR (immediate)
1 LDR (immediate)
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Add PC/SP (immediate)

These instructions are under 16-bit.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

[1 0 1 0[sSP[ 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 |op1lop2| [op3|

op0 Opll)ecode tzf;)lg s op3 Instruction details Architecture version
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 !'= 0000 | IT -
x0x1 CBNZ, CBZ -
x10x Push and Pop -

Adjust SP (immediate)

These instructions are under Miscellaneous 16-bit instructions.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
1 0 1.1 0 0 0 0]S] imm7

Decode fields
S

0 ADD, ADDS (SP plus immediate)
1 SUB, SUBS (SP minus immediate)

Instruction Details

Extend

These instructions are under Miscellaneous 16-bit instructions.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[1 01100 1 o0of[u[B] Rm | Rd |
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Dle}code ﬂe:;ls Instruction Details
0 0 SXTH
0 1 SXTB
1 0 | uxth
7 1 | uxts

Change Processor State

These instructions are under Miscellaneous 16-bit instructions.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[1 01101 10 0 1]op| flags
lzscode i;l:llg: Instruction Details
0 SETEND
1 CPS, CPSID, CPSIE

Reverse bytes

These instructions are under Miscellaneous 16-bit instructions.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
/1 01110 10[!=1] Rm | Rd |
op

The following constraints also apply to this encoding: op !=10 && op =10

Decoc(l)epﬁelds Instruction Details
00 REV
01 REV16
11 REVSH
Hints

These instructions are under Miscellaneous 16-bit instructions.

%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
(101 1 1 1 1 1] hint [0 0 0 O]
Decol(llit;flelds Instruction Details
0000 NOP
0001 YIELD
0010 WFE
0011 WEFI
0100 SEV
0101 SEVL
011lx Reserved hint, behaves as NOP
Ixxx Reserved hint, behaves as NOP
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Push and Pop

These instructions are under Miscellaneous 16-bit instructions.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

[T 0 1 1]L]1 0]P] register_list
Decod]fj fields Instruction Details
0 PUSH
1 POP

Load/store multiple

These instructions are under 16-bit.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

11 0 o/]L|] Rn | register_list
Decodﬁ fields Instruction Details
0 STM, STMIA, STMEA
1 LDM, LDMIA, LDMFD

Conditional branch, and Supervisor Call

These instructions are under 16-bit.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

[ 1101 | op0 |
Decode fields Instruction details
op0
111x Exception generation

!= 111x | B—TI

Exception generation

These instructions are under Conditional branch, and Supervisor Call.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

[1 1.0 1 1 1 1][8S] imm8
Decod; fields Instruction Details
0 UDF
1 SvVC

32-bit

These instructions are under the top-level.

%5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
111 |  op0 | op1 | lop3]

The following constraints also apply to this encoding: op0<3:2> 1= 00
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op0 Decodspfilelds op3 Instruction details
x11x System register access, Advanced SIMD, and floating-point
0100 xx0xx Load/store multiple
0100 XxX1xXx 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 1xxx0 Advanced SIMD element or structure load/store
1100 | !'= 1xxxO0 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 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
111 lop0| 11 | op1 | | _op2 | lop3
Decode fields Instruction details
op0 opl op2 op3
O0x 111 System register load/store and 64-bit move
10 10x 0 Floating-point data-processing
10 111 1 System register 32-bit move
11 Advanced SIMD data-processing
0 Ox 10x Advanced SIMD load/store and 64-bit move
0 10 10x 1 Advanced SIMD and floating-point 32-bit move
1 Ox 1x0 Advanced SIMD three registers of the same length extension
1 10 1x0 Advanced SIMD two registers and a scalar extension
System register load/store and 64-bit move
These instructions are under System register access, Advanced SIMD, and floating-point.
%5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
[ 111 [ | 110 op0 | [ 111 ]
Decode fields Instruction details
op0
00x0 System register 64-bit move
'= 00x0 System register Load/Store
System register 64-bit move
These instructions are under System register load/store and 64-bit move.
%5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
[1 1 1]o0[1 1 0 0 o[D|O|L] Rt2 | Rt [1 1 1fp15 opct | CRm |
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OIJecod]e)ﬁeldSL Instruction Details
0 0 UNALLOCATED
0 | 1|0 Mcrr

0l 111/ MRrRC

1 0 UNALLOCATED
1 1 UNALLOCATED

System register Load/Store

These instructions are under System register load/store and 64-bit move.

Top-level encodings for T32

15 14 13 12 1 10 9 8 7

6 5 4

2 1 0

15 14 13

12 1 10 9 8 7 6 5

|1 1 1]00[1 1 O[P[U[D|W]L]

Rn

CRd

[1 1 1 [cp15

The following constraints also apply to this encoding: P:U:D:W != 00x0

00 P:U:W D LDecode ﬁ;lﬂs CRd cpl5 Instruction Details
!'= 000 != 0101 0 UNALLOCATED
!'= 000 1 UNALLOCATED
!'= 000 | 1 0101 0 UNALLOCATED
0 !'= 0001 O 1 1111 0101 0 LDC (literal)
0 Ox1 0 0 0101 0 STC — post-indexed
0 0x1 0 1 = 1111 0101 0 LDC (immediate) — post-indexed
0 010 0 0 0101 0 STC — unindexed
0 010 0 1 '= 1111 0101 0 LDC (immediate) — unindexed
0 1x0 0 0 0101 0 STC — offset
0 1x0 0 1 = 1111 0101 0 LDC (immediate) — offset
0 1x1 0 0 0101 0 STC — pre-indexed
0 1x1 0 1 = 1111 0101 0 LDC (immediate) — pre-indexed
1 != 000] O 0101 0 UNALLOCATED

Floating-point data-processing

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

15 14 13 12 11 10 9 8 7

6 5 4

2 1 0

15 14 13 12 1 10 9 8 7 6 5

| 111 Jopo| 1110 |

| 10 [ op3 | [op4]

Decode fields Instruction details
op0 opl op2 op3 op4
0 1x11 Floating-point data-processing (two registers)
0 1x11 Floating-point move immediate
0 = 1x11 Floating-point data-processing (three registers)
1 Oxxx '= 00 Floating-point conditional select
1 1x00 '= 00 Floating-point minNum/maxNum
1 1x11 0000 = 00 Floating-point extraction and insertion
1 1x11 1xxx = 00 Floating-point directed convert to integer

Floating-point data-processing (two registers)

These instructions are under Floating-point data-processing.
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15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 O

1110 1 1 10 1|/D[1 1]o1] opc2 | Vd [1 0] size [03[1[M]0] Vm |

ol ?:3 de ﬁ‘::g: o3 Instruction Details Ar;l;itscaif)::lre
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 -
8 | 8kx | &+ UNALLOCATED |
0 [ 010 | 01 UNALLOCATED -
P E ) VCVTB— halt — roub] — 1
0 010 1 VCVTT — half-precision to double-precision -
0 011 0 VCVTB — double-precision to half-precision -
0 011 1 VCVTT — double-precision to half-precision -
0 | 100 0 VCMP — T1 -
0 | 100 1 VCMPE — T -
0 | 101 0 VCMP — T2 -
0 | 101 1 VCMPE — T2 -
0 | 110 0 VRINTR -
0 110 1 VRINTZ (floating-point) -
0 111 0 VRINTX (floating-point) -
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 ]1001 | 01 UNALLOCATED -
1 {001 ] 10 UNALLOCATED -
1 001 11 0 UNALLOCATED -
1 001 11 1 VICVT Armv8.3
1 0lx VCVT (between floating-point and fixed-point, floating-point) -
1 (100 0 VCVTR -
1 100 1 VCVT (floating-point to integer, floating-point) -
1 ] 101 0 VCVTR -
1 101 1 VCVT (floating-point to integer, floating-point) -
1 11x VCVT (between floating-point and fixed-point, floating-point) -

Floating-point move immediate

These instructions are under Floating-point data-processing.
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 1514 13 12 1 10 9 8 7 6 5 4 3 2 1 O

11101110 1[D[1 1] imm4H | vd |1 0] size [O[0]©@]0] imm4L |

Deco;iiZ:ields Instruction Details Architecture Version
| 00 UNALLOCATED [- |
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Decode fields

size Instruction Details Architecture Version
01 VMOV (immediate) — half-precision scalar Armv8.2

10 VMOV (immediate) — single-precision scalar -

11 VMOV (immediate) — double-precision scalar | -

Floating-point data-processing (three registers)

These instructions are under Floating-point data-processing.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
[1 110 1 1 1 0[o0][D]| o1 | Vn | vd [1 0] size [N[o2[M] O] Vm |

The following constraints also apply to this encoding: 00:D:ol != 1x11

oozoliecode f:;(:s 02 Instruction Details
!'= 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 VFNMA

110 0 VFMA

110 1 VFMS

Floating-point conditional select

These instructions are under Floating-point data-processing.

%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
(111111 10 0][D|] cc | Vn | vd [1 of[t=00[N[O[M][O] Vm |
size

The following constraints also apply to this encoding: size != 00 && size != 00

lchode ﬁ;;lz(ls Instruction Details

00 VSELEQ, VSELGE, VSELGT, VSELVS — VSELEQ

01 VSELEQ, VSELGE, VSELGT, VSELVS — VSELVS
01 UNALLOCATED

10 VSELEQ, VSELGE, VSELGT, VSELVS — VSELGE

11 VSELEQ, VSELGE, VSELGT, VSELVS — VSELGT

Floating-point minNum/maxNum

These instructions are under Floating-point data-processing.
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%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
111111 10 1]/D[0 0] Vn | Vd [1 0[!=00|N]op[M]|O] Vm |
size

The following constraints also apply to this encoding: size != 00 && size != 00

D.ecode fields Instruction Details
size op

0 | VMAXNM
01 UNALLOCATED

1 VMINNM

Floating-point extraction and insertion

These instructions are under Floating-point data-processing.

%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[11 111110 1]D[1 1 0 0 0 0] vd [1 0[1=00]op|[1[M][O] Vm |
size

The following constraints also apply to this encoding: size != 00 && size != 00

l:fzc:de ﬁe(l)(ll)s Instruction Details Architecture Version
01 UNALLOCATED | -

10 0 VMOVX Armv8.2

10 1 VINS Armv8.2

11 UNALLOCATED -

Floating-point directed convert to integer

These instructions are under Floating-point data-processing.

15 14 13 12 11 10 9 8
171111110

7 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1[o1] RM | Vd [1 0[!=00]op|[1[M][O] Vm |

size

6
[D]

The following constraints also apply to this encoding: size != 00 && size != 00

ol DeC(;i;dﬁeldsSize Instruction Details

0 00 VRINTA (floating-point)
0 01 VRINTN (floating-point)

01 | UNALLOCATED

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)

System register 32-bit move

These instructions are under System register access, Advanced SIMD, and floating-point.
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5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 2
1 1 1]00[/1 1 1 0] opct |L][ CRn | Rt [1 1 1p15 opc2 [1] CRm |
D:g ode ﬁelfs Instruction Details
0 0 MCR
0 1 MRC
1 UNALLOCATED
Advanced SIMD data-processing
These instructions are under System register access, Advanced SIMD, and floating-point.
5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 2 1
| 111 [ [ 111 JopQ lop1|
Decode fields . .
op0 opl Instruction details
0 Advanced SIMD three registers of the same length
1 0 Advanced SIMD two registers, or three registers 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.
5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 2 1
[1 1 1Ju]1 1 1 1 0[D] size | vn | vd | opc  [N[Q[M]o1] Vm |
U size Decoc(l)e;)fc'ields Q ol Instruction Details Architecture Version
0| Ox | 1100 1 VFMA -
0 Ox | 1101 0 VADD (floating-point) -
0 Ox 1101 1 VMLA (floating-point) -
0 Ox 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 0 VRHADD -
0| 00 | 1100 0 SHAIC -
0010 0 VHSUB -
0 01 0001 1 VBIC (register) -
0010 1 VQSUB -
0011 0 VCGT (register) — T1 -
0011 1 VCGE (register) — T1 -
0O 01 | 1100 0 SHAIP -
0| 1Ix | 1100 1 VFMS -
0 1x 1101 0 VSUB (floating-point) -
0 1x 1101 1 VMLS (floating-point) -
0 1x 1110 0 UNALLOCATED -
0 Ix | 1111 0 VMIN (floating-point) -
0| 1x | 1111 1 | VRSQRTS -
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U size Decot(l:;fc'lelds Q ol Instruction Details Architecture Version
0100 0 VSHL (register)
0 1000 0 VADD (integer)
0 10 | 0001 1 VORR (register)
0 1000 1 VTST
0100 1 VQSHL (register)
0 1001 0 VMLA (integer)
0101 0 VRSHL
0101 1 VQRSHL
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
O 11 | 1100 0 SHA1SUO
1 Ox | 1101 0 VPADD (floating-point)
1 Ox | 1101 1 VMUL (floating-point)
1 Ox 1110 0 VCGE (register) — T2
1 Ox | 1110 1 VACGE
1 0x 1111 0 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 | O 0 VPMAX (integer)
1 (01 0001 1 VBSL
1010 0 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 Ix | 1110 1 VACGT
1| 1x | 1111 | O 0 | VPMIN (floating-point)
1 Ix | 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
1 1011 1 VQRDMLAH Armv8.1
1 11 | 0001 1 VBIF
1 1100 1 VQRDMLSH Armv8.1
1 1111 1 0 UNALLOCATED
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Advanced SIMD two registers, or three registers of different lengths

These instructions are under Advanced SIMD data-processing.

15 14 13 12 11

10 9 8 7

5 4 3 2 1 0 15 14 13 12 11 10 9 8 7

[ 111 op0| 11111 | op1 | [ op2 |
op0 ]()):)clode ﬁel((i);z 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.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4
[11 111 1 1 1 1][D[1 1] size [opct] vd [0] opc2 JQ|m]o] |
size OpcheCOde fie:)(:)scz Q Instruction Details
00 0000 VREV64
00 0001 VREV32
00 0010 VREV16
00 0011 UNALLOCATED
00 010x VPADDL
00 0110 0 AESE
00 0110 1 AESD
00 0111 0 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
80 1 10x% VPADAL
00 110x+3+3106 VPADALVQABS
00 111033344 VQABSVONEG
006+ | 1111x600 VQNEGVCGT (inmmediate #0)
01 x000x00+ VCGT (immediate #0)VCGE-(inmmediate#0)
01 x001x6045 VCGE (immediate #0)VCEQ-(inmmediate#0)
01 x01 004+ VCEQ (immediate #0)MCLE Gnumediate #0)
01 x011x1006 VCLE (immediate #0)MVCET Grmmediate #0)
01 x1 003110 VCLT (immediate #0)VABS
01 x110x3++ VABSVNEG
01 x111830% VNEGSHAIH
0148 | 0101688+ | 1 SHA 1HVERN
10 000168646 VTRNVUZP
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size Opc1Dec0de ﬁe:)(:)scz Q Instruction Details
10 0010806+% VUZPNZIP
10 00116406 VZIPVMOVN
10 0100 0% | —VOMOVUNVMOVNVOMOVN._ VOMOVUN
10 01006040+ | 1 VQMOVN, VOQMOVUN — VQMOVUNVOMOVN
10 0101 VQMOVN, VQMOVUN — VQMOVN
40 0110 O | WSHLE
10 011086++%+| O VSHLLSHAISU+L
10 0111 04 | SHAISUISHA256SU0
10 01113660 | 1 SHA256SUOVRINTEN (Advanced SIMD)
10 10003604+ VRINTN (Advanced SIMD)VRINTX (Advaneed SIMD)
10 10013646 VRINTX (Advanced SIMD)VRINTA (Advaneed SIMD)
10 1010+60+3 VRINTA (Advanced SIMD)VRINTZ (Advanced-SIMD)
10 101133066 _single-precisionto-half precision VRINTZ (Advanced SIMD)VCVT (between-half precision

- sionAd L SIME
10 10 1100 1 UNALLOCATED

10 1100438+ | O VCVT (between half-precision and single-precision, Advanced SIMD)VRINTEM (Advanced
SIMB) — single-precision to half-precision

10 11013446 L half precisionto-single precision VRINTM (Advanced SIMD)MCVT (between halfprecision
| sinel sion.Ad LODE
10 1110 0Z | VCVT (between half-precision and single-precision, Advanced SIMD)—ENAELOCATEDhalf-

precision to single-precision

10 11103343+ 1 VRINTP-(Advaneed SEMD)UNALLOCATED

1043 | 1111600x VRINTP (Advanced SIMD)VCVFA (Advanced SEVD)
11 000x00+% VCVTA (Advanced SIMD)VEVEN-(Advanced-SIMD)
11 001x8+0% VCVTN (Advanced SIMD)VEVIP (Advaneced SIMD)
11 010x8+d=¢ VCVTP (Advanced SIMD)MCVTM (Advanced SIMD)
11 011x+06x0 VCVTM (Advanced SIMD)VRECPE
11 10x0+0x1 VRECPEVRSQRTE
11 10x1 4% VRSQRTEMCVT (between floating-pointand-integer Advanced SIMD)
11 10 1100 1 UNALLOCATED
11 1lxx 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.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
11111111 1[D[1 1] imm4 | vd [1 1] opc |Q|M]O] Vm |
Decog;cﬁelds Instruction Details
000 VDUP (scalar)
001 UNALLOCATED
01lx UNALLOCATED
1xx UNALLOCATED

Advanced SIMD three registers of different lengths

These instructions are under Advanced SIMD two registers, or three registers of different lengths.
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%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 7 6 5 4 2 1
1 1 1Jul1 1 1 1 1[D[!=11] Vn | vd | opc INJo[M]|0O] Vm |
size
The following constraints also apply to this encoding: size = 11 && size =11
?Jecode t(':;lcds Instruction Details
0000 | VADDL
0001 | VADDW
0010 | VSUBL
0 [ 0100 | VADDHN
0011 | VSUBW
0O | 0110 | VSUBHN
0O | 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.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 7 6 5 4 2 1
1 1 1[Q]1 1 1 1 1]D|!1=11] Vn | Vd | opc [N[1[{™M]o0] Vm |
size

The following constraints also apply to this encoding: size =11 && size =11

gecode i;;l;is Instruction Details Architecture Version
000x VMLA (by scalar) -
0 0011 | VQDMLAL -
0010 | VMLAL (by scalar) | -
O | 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 -
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Decode fields

Q opc

1101 | VQRDMULH -
1 1011 | UNALLOCATED -
1110 | VQRDMLAH Armv8.1

1111 | VQRDMLSH Armv8.1

Instruction Details Architecture Version

Advanced SIMD shifts and immediate generation

These instructions are under Advanced SIMD data-processing.

%5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 O
[ 111 | ] 11111 [ | op0 | [ 1]

Decode fields
op0
000xxxxxxxxxxx0 Advanced SIMD one register and modified immediate

Instruction details

= 000xxxxxxxxxxx0 | Advanced SIMD two registers and shift amount

Advanced SIMD one register and modified immediate

These instructions are under Advanced SIMD shifts and immediate generation.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 O
[1 1 1]i]1 1 1 1 1[DJ[0 0 0] imm3 | vd | cmode [o0]Qfop|1] imm4 |
i)n‘:(c)(()i(ie ﬁelod:) Instruction Details
0xx0 0 VMOV (immediate) — T1
0xx0 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 | O VMOV (immediate) — T4
110x 1 VMVN (immediate) — T3
1110 1 VMOV (immediate) — T5
1111 1 UNALLOCATED

Advanced SIMD two registers and shift amount

These instructions are under Advanced SIMD shifts and immediate generation.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 O
11 1]Ju]1 1 1 1 1[D] imm3H | imm3L | vd | opc [lL{a[M][1] Vm |

The following constraints also apply to this encoding: imm3H:imm3L:Vd:opc:L != 000xxxxxxxxxxx0

Decode fields . .
U imm3H:L imm3L ope Q Instruction Details
!'= 0000 0000 VSHR
= 0000 0001 VSRA
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U imm3H:LDeCOdi‘:nil‘i:::l;is ope Q Instruction Details
!'= 0000 000 1010 | O VMOVL
= 0000 0010 VRSHR
!'= 0000 0011 VRSRA
= 0000 0111 VQSHL, VQSHLU (immediate) — VQSHL
= 0000 1001 | O VQSHRN, VQSHRUN — VQSHRN
= 0000 1001 | 1 VQRSHRN, VQRSHRUN — VQRSHRN
= 0000 1010 | O VSHLL
'= 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

Advanced SIMD load/store and 64-bit move

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

15 14 13 12 11 10 9 8 7 6 5 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4
1110110 | op0 10 |
Decode fields Instruction details
op0
00x0 Advanced SIMD and floating-point 64-bit move
'= 00x0 Advanced SIMD and floating-point load/store

Advanced SIMD and floating-point 64-bit move

These instructions are under Advanced SIMD load/store and 64-bit move.

15 14 13 12 11 10 9 8 7 6 5 4 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4
1110 1 1 0 0 0[D|0]op] Rt2 | Rt |1 0] size | opc2 [ M [03] |
Dectfde fields Instruction Details

D op size opc2 03

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
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Advanced SIMD and floating-point load/store

These instructions are under Advanced SIMD load/store and 64-bit move.

%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
(1110 1 1 o[P[Uu[D[W[L] Rn | Vd [1 0] size | imm8

The following constraints also apply to this encoding: P:U:D:W != 00x0

P U W L Decoltit; fields size imm8 Instruction Details
OO0 1 UNALLOCATED

0 1 0x UNALLOCATED

0 1 0 10 VSTM, VSTMDB, VSTMIA

0 1 0 11 | xxxxxxx0 | VSTM, VSTMDB, VSTMIA

0 1 0 11 XXXXxXxX1 FSTMDBX, FSTMIAX — Increment After
0|1 1 10 VLDM, VLDMDB, VLDMIA

0 1 1 11 | xxxxxxx(0 | VLDM, VLDMDB, VLDMIA

0 1 1 11 | xxxxxxx1l | FLDM*X (FLDMDBX, FLDMIAX) — Increment After
1 0 0 VSTR

1 0 00 UNALLOCATED

1 0 1 '= 1111 VLDR (immediate)

110 1 Ox UNALLOCATED

1 0 1 0 10 VSTM, VSTMDB, VSTMIA

1 0 1 0 11 | xxxxxxx0 | VSTM, VSTMDB, VSTMIA

1 0 1 0 11 | xxxxxxx1l | 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 XXXXXKX ] FLDM*X (FLDMDBX, FLDMIAX) — Decrement Before
1 0 1 1111 VLDR (literal)

1] 1 1 UNALLOCATED

Advanced SIMD and floating-point 32-bit move

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

5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
11101110 | op0 | | 101 op1] | 11111 |

Decode fields

Instruction details
op0 opl

000 0 VMOV (between general-purpose register and single-precision)

111 0 Floating-point move special register

1 Advanced SIMD 8/16/32-bit element move/duplicate

Floating-point move special register

These instructions are under Advanced SIMD and floating-point 32-bit move.

%5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
1110111011 1[L] reg | Rt [1 0 1 0]0)[©0)]©)] 1](0)[(0)](0)](0)]
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Dec"dﬁ fields Instruction Details
0 VMSR
T VMRS

Advanced SIMD 8/16/32-bit element move/duplicate

These instructions are under Advanced SIMD and floating-point 32-bit move.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 2 1
[1 110 1 1 1 0] opct [L] Vn | Rt [1 0 1 1][N]opc2]1]0)]0)]0)]0)]
Opcll)ecodf field(s)pcz Instruction Details
0xx 0 VMOV (general-purpose register to scalar)
1 VMOV (scalar to general-purpose register)
1xx | O (0D:4 VDUP (general-purpose register)
1xx 0 1x UNALLOCATED

Advanced SIMD three registers of the same length extension

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

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 2 1
111 1 1 1 0] op1 [D] op2 | Vn | Vd [ 1 lop3[ 0 fop4 N[Q[M]U| Vm |
opl op2 Decog;;i eldsop 4 Q U Instruction Details Architecture Version
x1 Ox 0 0 0 0 VCADD — 64-bit SIMD vector Armv8.3
®+ Ox e el O | vcAbD Armv83
x166 | Ox+0 0 0 0 1 | VEMAL (veete)UNALLOCATED -Armv82
x1 Ox 0 0 1 0 VCADD — 128-bit SIMD vector Armv8.3
80 30 + & 8 | 8 | VSDOT(veector)—64-bit SIMD-vector Armve2
x1 Ox 0 0 1 1 UNALLOCATED -
80 30 += & 8 | £ | VUDOT (vector)—64-bit SIMDveetor | Armv82
00 Ox 0 0 UNALLOCATED i
80 10 + & 1 | & | VSDOT(vector)—128-bit SIMD vector | Armv82
00 0Ox 0 1 UNALLOCATED i
80 30 + & 1 | £ | VUDOT (vector)—128 bit SIMD vector | Armvd2
00 00 1 0 0 0 | UNALLOCATED i
8+ 30 e el 4 | VEMSL (vector) Armv82
00 00 1 0 0 1 UNALLOCATED i
I e el o | veMEA Armve3
00 00 1 0 1 1 UNALLOCATED i
00 00 1 1 0 1 | UNALLOCATED i
00 00 1 1 1 1 | UNALLOCATED i
00 01 1 0 UNALLOCATED i
00 01 1 1 UNALLOCATED i
00 10 0 0 0 1 | VEMAL (vector) — 64-bit SIMD vector | Armv8.2
00 10 0 1 UNALLOCATED i
00 10 1 0 UNALLOCATED -
00 10 1 1 0 0 VSDOT (vector) — 64-bit SIMD vector Armv8.2
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opl op2 Deco:)ile;;'l eldsop 4 Q U Instruction Details Architecture Version
00 10 1 1 0 1 VUDOT (vector) — 64-bit SIMD vector | Armv8.2
00 10 1 1 1 0 | 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 1 | VEMAL (vector) — 128-bit SIMD vector | Armv8.2
00 11 0 1 UNALLOCATED -
00 11 1 0 UNALLOCATED -
00 11 1 1 UNALLOCATED i
01 10 0 0 1 VEMSL (vector) Armv8.2
01 11 UNALLOCATED -

1x 0 0 0 VCMLA Armv8.3
10 11 UNALLOCATED -
11 11 UNALLOCATED -

Advanced SIMD two registers and a scalar extension

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

15 14 13 12 1 10 9 8 7 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3
111 1 1 1 1 0loplD]| op2 | Vn | vd | 1 Jop3| 0 op4 N[Q[M]|U]| |
opl op2 Dez;;le ﬁel(()l; 4 Q U Instruction Details Architecture Version

0 0 0 0 VCMLA (by element) — half-precision scalar Armv8.3
0 00 0 0 1 VFMAL (by scalar) Armv8.2
0 01 0 0 1 VFMSL (by scalar) Armv8.2
0 10 1 1 0 0 VSDOT (by element) — 64-bit SIMD vector Armv8.2
0 10 1 1 0 1 VUDOT (by element) — 64-bit SIMD vector Armv8.2
0 10 1 1 1 0 VSDOT (by element) — 128-bit SIMD vector Armv8.2
0 10 1 1 1 1 VUDOT (by element) — 128-bit SIMD vector Armv8.2
1 0 0 0 VCMLA (by element) — single-precision scalar | Armv8.3

Load/store multiple

These instructions are under 32-bit.
15 14 13 12 11 10 9 8 7 5 4 3 2 1 0 15 14 13 122 11 10 9 8 7 6 5 4 3
111 0 1 0 0[] opc [O[W][L] Rn [P M| register_list
D(:;)c:de 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
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Load/store dual, load/store exclusive, load-acquire/store-release, and table branch

These instructions are under 32-bit.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1110100 | op0 lop1| op2 | | op3 |

The following constraints also apply to this encoding: op0<1> ==

op0 lzﬁode ﬁeldsopz 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

O0x11 = 1111 Load/store dual (immediate, post-indexed)

1x10 = 1111 Load/store dual (immediate)

1x11 '= 1111 Load/store dual (immediate, pre-indexed)
'= 0xx0 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 1 10 9 8 7 6 5 4 3 2 1 0 1514 13 12 1 10 9 8 7 6 5 4 3 2 1 O
17110100 00 1 0[L] Rn | Rt | Rd | imm8
Decod]i fields Instruction Details
0 STREX
1 LDREX

Load/store exclusive byte/half/dual

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 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
171101000 11 0fL] Rn | Rt | Rt2 [0 1] sz | Rd |

lecode ﬁeslzds Instruction Details

0 00 STREXB

0 01 STREXH

0 10 UNALLOCATED

0 11 STREXD

1 00 LDREXB

1 01 LDREXH

1 10 UNALLOCATED

1 11 LDREXD

Load-acquire / Store-release

These instructions are under Load/store dual, load/store exclusive, load-acquire/store-release, and table branch.
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 1514 1312 11 10 9 8 7 6 5 4 3 2 1 0
171101000 11 0fL] Rn | Rt | Rt2 | 1]op| sz | Rd |

LDecogle) fieldzl Instruction Details

0 0 00 | STLB

0 0 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 0 00 | LDAB

1 0 01 | LDAH

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 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1110 1 0 0 0[U]

4
L] =111 | Rt | Rt2 | imm8
Rn

6 5
1 1

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

Demdli fields Instruction Details
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.

5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
ofL] =111 | Rt | Rt2 | imm8
Rn

15 14 13 12 11 10 9
[1 1101 00

8 7 6
1 U1

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

DeCOdE fields Instruction Details
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.
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1110 1 0 0 1[U[1 1[L] =111 | Rt | Rt2 | imm8
Rn
The following constraints also apply to this encoding: Rn != 1111 && Rn != 1111
DecOdE fields Instruction Details
0 STRD (immediate)
1 LDRD (immediate)
Data-processing (shifted register)
These instructions are under 32-bit.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[1 11010 1] opt S| Rn [(0)] imm3 | Rd |imm2 [stypetype] Rm |
Decode fields Instruction Details
opl S Rn imm3:imm?2:stypetype Rd
0000 0 AND, ANDS (register) — AND, rotate right with extend
0000 1 '= 0000011 '= 1111 AND, ANDS (register) — ANDS, shift or rotate by value
0000 1 !'= 0000011 1111 TST (register) — shift or rotate by value
0000 1 0000011 '= 1111 AND, ANDS (register) — ANDS, rotate right with extend
0000 | 1 0000011 1111 TST (register) — rotate right with extend
0001 BIC, BICS (register)
0010 | O | !'= 1111 ORR. ORRS (register) — ORR
0010 | O 1111 MOV, MOVS (register) — MOV
0010 | 1 | != 1111 ORR, ORRS (register) — ORRS
0010 | 1 1111 MOV, MOVS (register) — MOVS
0011 0 = 1111 ORN, ORNS (register) — not flag setting
0011 0 1111 MVN, MVNS (register) — MVN
0011 | 1 = 1111 ORN, ORNS (register) — flag setting
0011 | 1 1111 MVN, MVNS (register) — MVNS
0100 | O EOR, EORS (register) — EOR, rotate right with extend
0100 | 1 '= 0000011 != 1111 | EOR,EORS (register) — EORS, shift or rotate by value
0100 | 1 '= 0000011 1111 TEQ (register) — shift or rotate by value
0100 1 0000011 '= 1111 EOR, EORS (register) — EORS, rotate right with extend
0100 1 0000011 1111 TEQ (register) — rotate right with extend
0101 UNALLOCATED
0110 1| O xxxxx00 PKHBT, PKHTB — PKHBT
0110 { O xxxxx01 UNALLOCATED
0110 1| O xxxxx10 PKHBT, PKHTB — PKHTB
0110 | O xxxxx1ll UNALLOCATED
0111 UNALLOCATED
1000 | 0 | '= 1101 ADD, ADDS (register) — ADD
1000 | O 1101 ADD, ADDS (8P plus register) — ADD
1000 1 | !'= 1101 != 1111 | ADD.,ADDS (register) — ADDS
1000 1 1101 '= 1111 ADD, ADDS (SP plus register) — ADDS
1000 1 1111 CMN (register)
1001 UNALLOCATED
1010 ADC, ADCS (register)
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opl s Rn Dec?rflfngﬂﬂlsmhstypeqpe Rd Instruction Details
1011 SBC. SBCS (register)
1100 UNALLOCATED
1101 | O | !'= 1101 SUB, SUBS (register) — SUB
1101 0 1101 SUB, SUBS (SP minus register) — SUB
1101 | 1 | !'= 1101 != 1111 | SUB,SUBS (register) — SUBS
1101 1 1101 = 1111 SUB, SUBS (SP minus register) — SUBS
1101 1 1111 CMP (register)
1110 RSB, RSBS (register)
1111 UNALLOCATED

Branches and miscellaneous control

These instructions are under 32-bit.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

| 1110 Jop0] op1 | op2 | [1] op3 | | op4 | Jop5|
op0 opl D:;(z)de ﬁe;;d); op4 op5 Instruction details

0 1110 0x 0x0 0 MSR (register)

0 1110 0x 0x0 1 MSR (Banked register)

0 1110 10 | 0x0 000 Hints

0 1110 10 | OxO [ !'= 000 Change processor state

0 1110 11 | 00 Miscellaneous system

0 1111 00 | 0x0 BXJ

0 1111 01 0x0 Exception return

0 1111 1x | 0x0 0 MRS

0 1111 1x 0x0 1 MRS (Banked register)

1 1110 00 | 000 DCPS

1 1110 00 010 UNALLOCATED

1 1110 01 | 0x0 UNALLOCATED

1 1110 1x | 0x0 UNALLOCATED

1 1111 Ox | 0x0 UNALLOCATED

1 1111 1x 0x0 Exception generation

= 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 9 8 7 6 5 4 3 2 1 0 1514 1312 11 10 9 8 7 6 5 4 3 2 1 0
111100 11101 0[MMMMD1 oloofo® o o o] hint |  option |
Pecode ﬁeld.s Instruction Details Architecture Version
hint option

0000 | 0000 | NoP
0000 | 0001 | YIELD
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Decode fields

hint option
0000 | 0010 | WEE -
0000 | 0011 | WFI -
0000 | 0100 | SEV -
0000 | 0101 | SEVL -
0000 | 011x | Reserved hint, behaves as NOP | -
0000 | 1xxx | Reserved hint, behaves as NOP | -

Instruction Details Architecture Version

0001 | 0000 | EsSB 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 | -
0001 | 1xxx | Reserved hint, behaves as NOP | -

001x Reserved hint, behaves as NOP | -
0lxx 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 13 12 11 10 9 8 7

6 3 0O 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
1111001110

4 2 1
0 IMIMIMIM[1 0[0)] 0 [(0) imod [M[A[ I [F | mode |

5
1

The following constraints also apply to this encoding: imod:M != 000

]i)ni::;de ﬁellt\i/[s Instruction Details
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 7 6
[1 111001110

5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
1 1M1 o Je[o [MIMIMIM]  opc |  option ]

OpcDecode ﬁ:;l)(:ison Instruction Details
000x UNALLOCATED
0010 CLREX
0011 UNALLOCATED
0100 | !'= 0x00 | DSB
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Decode fields
opc option

0100 0000 SSBB
0100 0100 PSSBB

Instruction Details

0101 DMB

0110 ISB

0111 SB

1xxx UNALLOCATED

Exception return

These instructions are under Branches and miscellaneous control.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 O
171110011110 1] Rn 11 0] o [MIMIMIM] imm8
Decode ﬁ.e lds Instruction Details
Rn imm8

!= 00000000 | SUB,SUBS (immediate)
1110 00000000 ERET

DCPS

These instructions are under Branches and miscellaneous control.

%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[11 1101111000 immd [1 0 0 0] imm10 | opt |

immd Decodeitr'l:ll:]so opt Instruction Details

= 1111 UNALLOCATED
1111 = 0000000000 UNALLOCATED
1111 0000000000 00 | UNALLOCATED
1111 0000000000 01 | DERSLDEPS2.DCEPS3 DCPSI
1111 0000000000 10 | DEPRSLDEPS2.DCPS3 DCPS2
1111 0000000000 11 | DEPRSEDEPS2 DEPS3I——DCPS3

Exception generation

These instructions are under Branches and miscellaneous control.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

17111011111 1]o1] imm4 [1 0]c2][0] imm12
I:)elcode ﬁe(:czls Instruction Details
0 0 HVC
0 1 UNALLOCATED
1 0 SMC
1 1 UDF

Data-processing (modified immediate)

These instructions are under 32-bit.
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Top-level encodings for T32

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
111 1 0]ilo] op1 |s| Rn o] imm3 | Rd | imm8
opl S Decm;enﬁelds 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 | O | !'= 1111 ORR, ORRS (immediate) — ORR
0010 | O 1111 MOV, MOVS (immediate) — MOV
0010 1 '= 1111 ORR, ORRS (immediate) — ORRS
0010 | 1 1111 MOV, MOVS (immediate) — MOVS
0011 | O | !'= 1111 ORN, ORNS (immediate) — not flag setting
0011 | O 1111 MVN, MVNS (immediate) — MVN
0011 | 1| != 1111 ORN, ORNS (immediate) — flag setting
0011 | 1 1111 MVN, MVNS (immediate) — MVNS
0100 | O EOR, EORS (immediate) — EOR
0100 | 1 != 1111 | EOR,EORS (immediate) — EORS
0100 1 1111 TEQ (immediate)
0101 UNALLOCATED
011lx UNALLOCATED
1000 | O | !'= 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 '= 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 | O | !'= 1101 SUB, SUBS (immediate) — SUB
1101 0 1101 SUB, SUBS (SP minus immediate) — SUB
1101 | 1 | != 1101 | !'= 1111 | SUB, SUBS (immediate) — SUBS
1101 | 1 1101 != 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 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| 11110 | [1]op0] [ op1 [O] [0]
lz;:)ode ﬁzi)dls Instruction details
0 0x Data-processing (simple immediate)
0 10 Move Wide (16-bit immediate)
0 11 UNALLOCATED
1 Saturate, Bitfield
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Data-processing (simple immediate)

These instructions are under Data-processing (plain binary immediate).

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

[1 1 1 1 0]i[1 0fo1]0]02]0] Rn [0] imm3 | Rd | imm8
ol ]?)ZCOde ﬁeld;n Instruction Details
0 0 != 11x1 | ADD, ADDS (immediate)
0 0 1101 ADD, ADDS (SP plus immediate)
0 0 1111 ADR — T3
0 1 UNALLOCATED
1 0 UNALLOCATED
1 1 = 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-processing (plain binary immediate).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11
[1 1 1 oli[1 ofo1][1 0 0] imm4 [0O] imm3
Decotiel fields Instruction Details
0 MOV, MOVS (immediate)
1 MOVT

Saturate, Bitfield

These instructions are under Data-processing (plain binary immediate).

15 14 13 12 11

10 9 8 7 6 5

4 3 2 1 0

1 1 1 0]@]1 1] op1t [0] Rn [0] imm3 | imm2 [(0)]
opl Ille:ode ﬁeldsimm3:imm2 Instruction Details
000 SSAT — logical shift left
001 '= 00000 SSAT — arithmetic shift right
001 00000 SSAT16
010 SBFX
011 | !'= 1111 BFI
011 1111 BFC
100 USAT — logical shift left
101 '= 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.

15 14 13 12 11




Top-level encodings for T32

5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
11111001 lop0Q] 0] | op1 |
Og)ecode ﬁ:ll)dls Instruction details
0 Advanced SIMD load/store multiple structures
1 11 Advanced SIMD load single structure to all lanes
1 = 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.
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 O
[1 1111 00 1 o0[D[L[O] Rn | vd | itypetype | size | align | Rm |
LDeCO;it;S::;e Instruction Details
0 000x VST4 (multiple 4-element structures)
0 0010 VSTI1 (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 VLDI (multiple single elements) — T3
1 0111 VLDI1 (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.
5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
11111 00 1 1|D|[L|[O] Rn | Vd [1 1] | size [T]a] Rm |
114) ecod; fieldsa Instruction Details
0 UNALLOCATED
11|00 VLDI (single element to all lanes)
1101 VLD2 (single 2-element structure to all lanes)
1 |1 10| O | VLD3 (single 3-element structure to all lanes)
1 | 10| 1 | UNALLOCATED
1111 VLD4 (single 4-element structure to all lanes)

Page 268



Top-level encodings for T32

Advanced SIMD load/store single structure to one lane

These instructions are under Advanced SIMD element or structure load/store.

%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 2 1
(11111 00 1 1]D[L[O] Rn | Vd [1=11 ] N | index align | Rm
Slze
The following constraints also apply to this encoding: size != 11 && size != 11
L Decos(ilzeeﬁeldsN Instruction Details
0 00 | OO0 | VSTI (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 | VSTI (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 | OO0 | VSTI (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 | VLDI (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 | VLDI (single element to one lane) — T2
1 01 01 VLD?2 (single 2-element structure to one lane) — T2
1 01 10 VLD?3 (single 3-element structure to one lane) — T2
1 01 11 VLD4 (single 4-element structure to one lane) — T2
1 10 [ 00 | VLDI (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.
5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 2 1

1111100

| op0 | op1]  op2 |

op3

The following constraints also apply to this encoding: op0<1>:0p1 != 10

op0 opl Decod:pt;elds op3 Instruction details
00 '= 1111 | 000000 | Load/store, unsigned (register offset)
00 !'= 1111 [ 000001 | UNALLOCATED

00 !'= 1111 [ 00001x | UNALLOCATED

00 != 1111 | 0001xx | UNALLOCATED

00 != 1111 | 001xxx | UNALLOCATED
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00 != 1111 | 01xxxx | UNALLOCATED

00 != 1111 | 10x0xx | UNALLOCATED

00 !'= 1111 | 10x1xx | Load/store, unsigned (immediate, post-indexed)
00 !'= 1111 [ 1100xx | Load/store, unsigned (negative immediate)
00 !'= 1111 | 1110xx | Load/store, unsigned (unprivileged)

00 !'= 1111 | 11x1xx | Load/store, unsigned (immediate, pre-indexed)
01 = 1111 Load/store, unsigned (positive immediate)
0Ox 1111 Load. unsigned (literal)

10 1 = 1111 000000 Load/store, signed (register offset)

10 1 !'= 1111 [ 000001 | UNALLOCATED

10 1 !'= 1111 [ 00001x | UNALLOCATED

10 1 !'= 1111 [ 0001xx | UNALLOCATED

10 1 != 1111 | 001xxx | UNALLOCATED

10 1 !'= 1111 | 01xxxx | UNALLOCATED

10 1 !'= 1111 | 10x0xx | UNALLOCATED

10 1 = 1111 | 10x1xx Load/store, signed (immediate, post-indexed)
10 1 = 1111 1100xx Load/store, signed (negative immediate)

10 1 !'= 1111 [ 1110xx Load/store, signed (unprivileged)

10 1 !'= 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.
15 14 13 12 11 10 6 5 4 3 2 1 0 15 14 13 12 11 10 9

9 8 7 8 7 6
[1 111 1 0 0 0 0fsize L[] =111 | Rt [0 0 0 0 0 Ofimm2] Rm |
Rn

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

size D;dee fieldsR ¢ Instruction Details

00 0 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.
15 14 13 12 11 10 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

9 8 7
[1 111 1 0 0 0 0fsize L] =111 | Rt [1 oJul1] imm8
Rn

The following constraints also apply to this encoding: Rn != 1111 && Rn != 1111
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I)szc:de ﬁel:s Instruction Details
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 (negative immediate)

These instructions are under Load/store single.

15 14 13 12 11 10 6 5 4 3 2 1 0 15 14 13 12 11 10 7 6 5 4 3

9 8 7 9 8
1111100 0 0fsize L[ =111 | Rt [1 1 0 0] imm8

Rn

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

size DicOde ﬁeldsR ¢ Instruction Details

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)

11 UNALLOCATED

Load/store, unsigned (unprivileged)

These instructions are under Load/store single.

15 14 13 12 11 10 6 5 4 3 2 1 0 15 14 13 12 11 10 9

9 8 7 8
[1 111 1 0 0 0 0fsize L] =111 | Rt [1 1 1 0] imm8

Rn

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

Dsfzc:de ﬁelgs Instruction Details

00 0 STRBT

00 1 LDRBT

01 0 STRHT

01 1 LDRHT

10 0 STRT

10 1 LDRT

11 UNALLOCATED
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Load/store, unsigned (immediate, pre-indexed)

These instructions are under Load/store single.

15 14 13 12 11 10

6 5 4 3 2 1 0 15 14 13 12 11

9 8
[1 1111000

7
0 size [L] 1=1111 |

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

Rn

Ds(iezc:de ﬁel:s Instruction Details
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 13 12 11 10

7 6 5 4 3 2 1 0 15 14 13 12 1

9 8
[1 1111000

1] size [L] =111 |

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

Rn

size Dicode ﬁeldsR t Instruction Details

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 13 12 11 10 9 8

7 6 5 4 3 2 1 0 15 14 13 12 1

[1 111 1 0 0 0[U][size|[L[1 1 1 1]

size Dicode ﬁeldsR t Instruction Details
Ox | 1 1111 PLD (literal)

00 1 | != 1111 | LDRB (literal)

01 1 | != 1111 | LDRH (literal)

10 1 LDR (literal)

11 UNALLOCATED
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These instructions are under Load/store single.

Top-level encodings for T32

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
[1 111 1 0 0 1 0]size[1] 1=1111 | Rt [0 0 0 0 0 Ofimm2] Rm |
Rn
The following constraints also apply to this encoding: Rn != 1111 && Rn != 1111
. Decode fields Instruction Details
size Rt
00 [ !'= 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.
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 O
17111100 1 0[size[1] =111 | Rt [1 oJul1] imm8
Rn
The following constraints also apply to this encoding: Rn != 1111 && Rn != 1111
Decod-e fields Instruction Details
size
00 LDRSB (immediate)
01 LDRSH (immediate)
1x UNALLOCATED
Load/store, signed (negative immediate)
These instructions are under Load/store single.
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
[11 111 0 0 1 0]size[1] 1=1111 | Rt [1 1 0 0] imm8
Rn

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

SizeDecode ﬁelsi(tls Instruction Details

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.
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15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 O
1111100 1 0[size[1] =111 | Rt [1 1 1 0] imm8
Rn

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

Decogi;:'lelds Instruction Details
00 LDRSBT
01 LDRSHT
1x UNALLOCATED

Load/store, signed (immediate, pre-indexed)

These instructions are under Load/store single.

15 14 13 12 11 10

9 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[1 111100

7
0 size [1] 1=1111 | Rt [1 1{u]1] imm8
Rn

8
1

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

Deco;ii;eﬁelds Instruction Details
00 LDRSB (immediate)
01 LDRSH (immediate)
1x UNALLOCATED

Load/store, signed (positive immediate)

These instructions are under Load/store single.
15 14 13 12 11 10 8 7 6 5 4 3 2 1 0 15 14 13 122 1 10 9 8 7 6 5 4 3 2 1 0

9
17111100 1 1]size 1] =111 | Rt | imm12
Rn

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

SizeDecode ﬁi(tis Instruction Details

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.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

(1111 1 0 0 1][U]size[1 1 1 1 1] Rt | imm12
. Decode fields Instruction Details
size Rt
00 | !'= 1111 | LDRSB (literal)
00 1111 PLI (immediate, literal)
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SizeDecode ﬁ‘;i(tis Instruction Details

01 != 1111 | LDRSH (literal)

01 1111 Reserved hint, behaves as NOP
1x UNALLOCATED

Data-processing (register)

These instructions are under 32-bit.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 2 1
11111010 lop0| | 111 | | op1 |
OII))ECOde ﬁsll)(is 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).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 2 1
1111 1 0 1 0 0] op1 [U] Rn 1 1 1 1] Rd [ 1 [(0)] rotate | Rm |
opl D;‘,Jcode ﬁeldsRn Instruction Details
00 O | != 1111 | SXTAH
00 0 1111 SXTH
00 1| !'= 1111 | UXTAH
00 1 1111 UXTH
01 O | !'= 1111 | SXTABI6
01 0 1111 SXTB16
01 1 | != 1111 | UXTABI6
01 1 1111 UXTBI16
10 O | != 1111 | SXTAB
10 0 1111 SXTB
10 1 | !'= 1111 | UXTAB
10 1 1111 UXTB
11 UNALLOCATED
Parallel add-subtract
These instructions are under Data-processing (register).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 2 1
(11111010 1| opt | Rn (1 1 1 1] Rd [0|U[H[S] Rm |
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opl Dea{)}le ﬁel}(lls S Instruction Details
000 | O 0 | O | sADDS
000 | O 0 1 | QADDS
000 | O 1 | O | SHADDS
000 | O 1 1 UNALLOCATED
000 | 1 0 0 | UADDS
000 | 1 0 1 UQADDS
000 | 1 1 O | UHADDS
000 | 1 1 1 UNALLOCATED
001 ] O 0 0 SADDI16
001 | O 0 1 | QADDI6
001 1| O 1 | O | SHADDI6
001 | O 1 1 UNALLOCATED
001 | 1 0 O | UADDI®6
001 | 1 0 1 UQADDI16
001 | 1 1 O | UHADDI6
001 | 1 1 1 UNALLOCATED
010 | O 0| 0 [ sasx
010 | O 0 | 1 | QAsx
010 | O 1 | O [ sHASX
010 | O 1 1 UNALLOCATED
010 | 1 0 | 0| vasx
010 | 1 0 1 UQASX
010 | 1 1 0 | UHASX
010 | 1 1 1 UNALLOCATED
100 | O 0 0 SSUBS
100 | O 0 1 | QSUBS
100 | O 1 | O [ SHSUBS
100 | O 1 1 UNALLOCATED
100 | 1 0 | O [ ususs
100 | 1 0 | 1 [ UQsuBs
100 | 1 1 | O [ UHSUBS
100 | 1 1 1 UNALLOCATED
101 ] O 0 0 SSUBI16
101 | O 0 1 | QSUBI6
101 | O 1 | O | SHSUBI6
101 ] O 1 1 | UNALLOCATED
101 | 1 0 | O [ uUsuBle
101 | 1 0 | 1 [ UQsuBi6
101 | 1 1 | O [ UHSUBI6
101 | 1 1 1 UNALLOCATED
110 | O 0 | 0 [ ssax
110 | O 0 | 1 | QsAx
110 | O 1 0 SHSAX
110 | O 1 1 | UNALLOCATED
110 | 1 0 | 0| usax
110 | 1 0 | 1 [ UQsAX
110 | 1 1 | O | UHSAX

Top-level encodings for T32
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Top-level encodings for T32

Decode fields
opl U H S

110 | 1 1 1 UNALLOCATED
111 UNALLOCATED

Instruction Details

Data-processing (two source registers)

These instructions are under Data-processing (register).

%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
(11111010 1] opt1 | Rn [1 1 1 1] Rd [1 0] op2 | Rm |
Decode fields

Instruction Details
opl op2

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 CR(C32 — CRC32H
100 | 10 CRC32 — CRC32W
100 11 CONSTRAINED UNPREDICTABLE
101 | 00 CR(C32C — CRC32CB
101 | 01 CR(C32C — 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 13 12 1 10 9 8 7 6 65 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

111110110 | opo0 |
Decode fields Instruction details
op0
00 Multiply and absolute difference
01 UNALLOCATED
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1x UNALLOCATED

Multiply and absolute difference

These instructions are under Multiply, multiply accumulate, and absolute difference.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 7 6 5 4 2 1
1111101 10[] opt | Rn | Ra | Rd |0 0] op2 | Rm |
opl Decoﬁaﬁelds op2 Instruction Details
000 | !'= 1111 | 0O MLA, MLAS
000 01 MLS
000 1x UNALLOCATED
000 1111 00 MUL, MULS
001 | !'= 1111 ] 00 SMLABB, SMLABT, SMLATB, SMLATT — SMLABB
001 | !'= 1111 | O1 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 | O1 SMLAD, SMLADX — SMLADX
010 1x | UNALLOCATED
010 1111 00 SMUAD, SMUADX — SMUAD
010 1111 01 SMUAD, SMUADX — SMUADX
011 ]| !'= 1111 | 0O SMLAWB, SMLAWT — SMLAWB
011 | !'= 1111 | O1 SMLAWB, SMLAWT — SMLAWT
011 1x UNALLOCATED
011 1111 00 SMULWB, SMULWT — SMULWB
011 1111 01 SMULWB, SMULWT — SMULWT
100 | !'= 1111 | 0O 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 | 00 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 | 0O USADAS
111 01 UNALLOCATED
111 1x | UNALLOCATED
111 1111 00 USADS
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Long multiply and divide

These instructions are under 32-bit.

%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
11111011 1] op1t | Rn | Rdo | RdHi | op2 | Rm |

op lDecode ﬁzll:izs Instruction Details
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 Olxx 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 1xxx UNALLOCATED
111 UNALLOCATED
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