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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.

BFTI: 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.

BXIJ: 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).

(new)
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AArch32 -- Base Instructions (alphabetic order)

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

CMP (register): Compare (register).

CMP (register-shifted register): Compare (register-shifted register).

CPS, CPSID, CPSIE: Change PE State.

CRC32: CRC32.

CRC32C: CRC32C.

CSDB: Consumption of Speculative Data Barrier.

DBG: Debug hint.

DCPS1, DCPS2, DCPS3: Debug Change PE State.

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).

LDMDB, LDMEA: Load Multiple Decrement Before (Empty Ascending).

LDMIB, LDMED: Load Multiple Increment Before (Empty Descending).
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AArch32 -- Base Instructions (alphabetic order)

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).
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.
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AArch32 -- Base Instructions (alphabetic order)

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.

PUSH: Push Multiple Registers to Stack.

PUSH (multiple registers): Push multiple registers to Stack: an alias of STMDB, STMFD.

Page 5



AArch32 -- Base Instructions (alphabetic order)

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

QADDI16: 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).
SADDI6: 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).

SBC, SBCS (register-shifted register): Subtract with Carry (register-shifted register).

SBFX: Signed Bit Field Extract.
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AArch32 -- Base Instructions (alphabetic order)

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.
SHSUB16: 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.

SSUB16: Signed Subtract 16.

SSUBS: Signed Subtract 8.
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AArch32 -- Base Instructions (alphabetic order)

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).

SVC: Supervisor Call.

SXTAB: Signed Extend and Add Byte.
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AArch32 -- Base Instructions (alphabetic order)

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).
UADDI16: 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.

USADS: Unsigned Sum of Absolute Differences.

USADAS: Unsigned Sum of Absolute Differences and Accumulate.
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AArch32 -- Base Instructions (alphabetic order)

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.

WFE: Wait For Event.

WFI: Wait For Interrupt.

YIELD: Yield hint.
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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: SHA1 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.

VEMAL (by scalar): Vector Floating-point Multiply-Add Long to accumulator (by scalar).

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

VFMS: Vector Fused Multiply Subtract.

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

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

VFNMA: Vector Fused Negate Multiply Accumulate.

VFNMS: Vector Fused Negate Multiply Subtract.

VHADD: Vector Halving Add.

VHSUB: Vector Halving Subtract.

VINS: Vector move Insertion.

VICVT: 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.

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

VLDM, VLDMDB, VLDMIA: Load Multiple SIMD&FP registers.
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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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AArch32 -- SIMD&FP Instructions (alphabetic order)

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.

Page 16



AArch32 -- SIMD&FP Instructions (alphabetic order)

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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AArch32 -- SIMD&FP Instructions (alphabetic order)

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

VZIP (alias): Vector Zip: an alias of VTRN.

Internal version only: isa v00_873080-83, pseudocode v85-xml-00bet8_rc3¥353 ; Build timestamp: 2018-09-13T142648-06-16F10:0043

Copyright © 2010-2018 ARM Limited or its affiliates. All rights reserved. This document is Non-Confidential.

(old) htmldiff from- (new)

Page 18



(old) htmldiff from- (new)

B
Branch causes a branch to a target address.
It has encodings from the following instruction sets: A32 ( Al )and T32 (T1,T2,T3and T4).
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 0 1]0] imm24
cond
A1
B{<c>}{<g>} <label>
imm32 = SignExtend (imm24:'00', 32);
T
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
[1 1 0 1] 1=111x | imm8
cond
™

B<c>{<g>} <label> // (Not permitted in IT block)

if cond == '1110' then SEE "UDF";
if cond == '1111' then SEE "SVC";
imm32 = SignExtend (imm8:'0', 32);
if InITBlock () then UNPREDICTABLE;

T2
%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[1 1 1 0 0] imm11

T2

B{<c>}{<g>} <label> // (Outside or last in IT block)

imm32 = SignExtend (immll:'0', 32);
if InITBlock() && !LastInITBlock() then UNPREDICTABLE;

T3
%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 1 1 1 0S| 1=111x | imm6 [1 0 [J1]0]J2] imm11

cond
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T3

B<c>.W <label> // (Not permitted in IT block, and <label> can be represented in T1)
B<c>{<g>} <label> // (Not permitted in IT block)
if cond<3:1> == '111' then SEE "Related encodings";

imm32 = SignExtend(S:J2:J1:imm6:imml1:'0', 32);
if InITBlock () then UNPREDICTABLE;

T4

%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 1 1 1 0]S] imm10 [1 0 [u1]1]J2] imm11

T4

B{<c>}.W <label> // (<label> can be represented in T2)
B{<c>}{<g>} <label>

I1 = NOT(J1 EOR S); 1I2 = NOT(J2 EOR S); imm32 = SignkExtend(S:I1:I2:immlO:immll1:'0', 32);
if InITBlock() && !LastInITBlock() then UNPREDICTABLE;

For more information about the CONSTRAINED UNPREDICTABLE behavior, see Architectural Constraints on UNPREDICTABLE behaviors.
Related encodings: Branches and miscellaneous control.

Assembler Symbols

<c> For encoding A1, T2 and T4: see Standard assembler syntax fields.
For encoding T1: see Standard assembler syntax fields. Must not be AL or omitted.

For encoding T3: see Standard assembler syntax fields. <c> must not be AL or omitted.
<q> See Standard assembler syntax fields.

<label> For encoding Al: the label of the instruction that is to be branched to. The assembler calculates the required value of the
offset from the PC value of the B instruction to this label, then selects an encoding that sets imm32 to that offset.
Permitted offsets are multiples of 4 in the range —33554432 to 33554428.

For encoding T1: the label of the instruction that is to be branched to. The assembler calculates the required value of the
offset from the PC value of the B instruction to this label, then selects an encoding that sets imm32 to that offset. Permitted
offsets are even numbers in the range —256 to 254.

For encoding T2: the label of the instruction that is to be branched to. The assembler calculates the required value of the
offset from the PC value of the B instruction to this label, then selects an encoding that sets imm32 to that offset. Permitted
offsets are even numbers in the range —2048 to 2046.

For encoding T3: the label of the instruction that is to be branched to. The assembler calculates the required value of the
offset from the PC value of the B instruction to this label, then selects an encoding that sets imm32 to that offset.
Permitted offsets are even numbers in the range —1048576 to 1048574.

For encoding T4: the label of the instruction that is to be branched to. The assembler calculates the required value of the
offset from the PC value of the B instruction to this label, then selects an encoding that sets imm32 to that offset.
Permitted offsets are even numbers in the range —16777216 to 16777214.

Operation

if ConditionPassed() then
EncodingSpecificOperations () ;
BranchWritePC(PC + imm32,+PE+ imm32); BranchType DIR) ;
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(old) htmldiff from- (new)

BL, BLX (immediate)

Branch with Link calls a subroutine at a PC-relative address, and setting LR to the return address.

Branch with Link and Exchange Instruction Sets (immediate) calls a subroutine at a PC-relative address, setting LR to the return address, and
changes the instruction set from A32 to T32, or from T32 to A32.

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 1 10 9 8 7 6 5 4 3 2 1 0
| =111 |1 0 1[1] imm24
cond
A1
BL{<c>}{<g>} <label>
imm32 = SignExtend (imm24:'00', 32); targetInstrSet = InstrSet A32;
A2
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 0 1[H] imm24
cond
A2
BLX{<c>} {<g>} <label>
imm32 = SignExtend (imm24:H:'0', 32); targetInstrSet = InstrSet T32;
T
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]s] imm10 11 1 ]J1]1]J2] imm11
T1
BL{<c>}{<g>} <label>
I1 = NOT(J1 EOR 9); I2 = NOT (J2 EOR S); imm32 = SignExtend(S:I1:I2:imml0:immll1:'0', 32);
targetInstrSet = InstrSet T32;
if InITBlock() && !LastInITBlock() then UNPREDICTABLE;
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
111 1 0]s] imm10H [1 1]J1]0]J2] imm10L | H |
T2

BLX{<c>}{<g>} <label>

if H == '1l' then UNDEFINED;

I1 = NOT(J1l EOR S); I2 = NOT(J2 EOR S); imm32 = SignExtend(S:I1:I2:immlOH:imml0L:'00', 32);
targetInstrSet = InstrSet A32;

if InITBlock() && !LastInITBlock() then UNPREDICTABLE;
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For more information about the CONSTRAINED UNPREDICTABLE behavior, see Architectural Constraints on UNPREDICTABLE behaviors.

Assembler Symbols

<c> For encoding A1, T1 and T2: see Standard assembler syntax fields.
For encoding A2: see Standard assembler syntax fields. <c> must be AL or omitted.

<g> See Standard assembler syntax fields.

<label> For encoding Al: the label of the instruction that is to be branched to. The assembler calculates the required value of the
offset from the PC value of the BL instruction to this label, then selects an encoding that sets imm32 to that offset.
Permitted offsets are multiples of 4 in the range —33554432 to 33554428.
For encoding A2: the label of the instruction that is to be branched to. The assembler calculates the required value of the
offset from the PC value of the BL.X instruction to this label, then selects an encoding with imm32 set to that offset.
Permitted offsets are even numbers in the range —33554432 to 33554430.

For encoding T1: the label of the instruction that is to be branched to.

The assembler calculates the required value of the offset from the PC value of the BL instruction to this label, then selects
an encoding with imm32 set to that offset.

Permitted offsets are even numbers in the range —16777216 to 16777214.

For encoding T2: the label of the instruction that is to be branched to.

The assembler calculates the required value of the offset from the Align(PC, 4) value of the BL. X instruction to this label,
then selects an encoding with imm32 set to that offset.

Permitted offsets are multiples of 4 in the range —16777216 to 16777212.

Operation

if ConditionPassed() then
EncodingSpecificOperations () ;

if CurrentInstrSet () == InstrSet A32 then
LR = PC - 4;

else
LR = PC<31:1> : '1"';

if targetInstrSet == InstrSet A32 then
targetAddress = Align (PC,4) + imm32;

else

targetAddress = PC + imm32;
SelectInstrSet (targetInstrSet);
BranchWritePC (targetAddress, {targetAddress)+ BranchType DIRCALL) ;
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BLX (register)

Branch with Link and Exchange (register) calls a subroutine at an address specified in the register, and if necessary changes to the instruction set
indicated by bit[0] of the register value. If the value in bit[0] is 0, the instruction set after the branch will be A32. If the value in bit[0] is 1, the
instruction set after the branch will be T32.

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
[ =1111_J0o 0 0 1 0 0 1 o [MMOIOIAOIMIOINIMINMIMIMI0 0o

5 4 3 2 1 0
1 1

| Rm |
cond
A1
BLX{<c>}{<g>} <Rm>
m = UInt (Rm) ;
if m == 15 then UNPREDICTARBLE;
T

15 14 13 12 11 10 9 8
1

7 6 5 4 3 2 1 0
[001 0 00 1 1 1

| Rm_ [0)]0)[(0)]

T

BLX{<c>}{<g>} <Rm>

m = UInt (Rm) ;

if m == 15 then UNPREDICTABLE;

if InITBlock() && !LastInITBlock() 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.

<Rm> Is the general-purpose register holding the address to be branched to, encoded in the "Rm" field.
Operation

if ConditionPassed() then
EncodingSpecificOperations () ;
target = R[m];
if CurrentInstrSet () == InstrSet A32 then
next instr addr = PC - 4;
LR = next instr addr;
else
next instr addr = PC - 2;
LR = next instr addr<31:1> : 'l1';
BXWritePC (target, £Eaxrget)+ BranchType INDCALL) ;
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BX

Branch and Exchange causes a branch to an address and instruction set specified by a register.

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
L =111 _Jo o0 10 0 1 ofOMOMOOIOIOIOIOIOIOIM[M[o 0 0 1] Rm |
cond
A1
BX{<c>}{<g>} <Rm>
m = UInt (Rm);
T
%5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
[01 0 00 1 1 1][0] Rm [(0)](0)](0)]
T1

BX{<c>}{<g>} <Rm>

m = UInt (Rm) ;
if InITBlock() && !LastInITBlock() 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.

<Rm> For encoding Al: is the general-purpose register holding the address to be branched to, encoded in the "Rm" field. The PC
can be used.

For encoding T1: is the general-purpose register holding the address to be branched to, encoded in the "Rm" field. The PC
can be used.

If <Rm> is the PC at a non word-aligned address, it results in UNPREDICTABLE behavior because the address passed to the
BXWritePC() pseudocode function has bits<1:0>="10".

Operation

if ConditionPassed () then
EncodingSpecificOperations () ;
BXWritePC (R[m],f#m+ BranchType INDIR) ;
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BXJ

Branch and Exchange, previously Branch and Exchange Jazelle.

In ARMv8, BXJ behaves as a BX instruction, see BX. This means it causes a branch to an address and instruction set specified by a register.

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 7 6 5 4 3 2 1 0
[ =11 J0 0 0 1 0 0 1 o]MOIMIMIMIMIMOIMIMIMIMIC 1>I<1|o 0 1 0] Rm |
cond
A1
BXJ{<c>}{<g>} <Rm>
m = UInt (Rm);
if m == 15 then UNPREDICTABLE;
T
%5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9
[1 1110011110 0] Rm [ 10 J©@f o [MIM]( 1)|(1 |(O | 0)| 0)|(O |(0)| 0)|(O |(0)|

T1

BXJ{<c>} {<g>} <Rm>

m = UInt (Rm);
if m == 15 then UNPREDICTABLE; // ARMv8-A removes UNPREDICTABLE for R13
if InITBlock () && !'LastInITBlock() 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.

<Rm> Is the general-purpose register holding the address to be branched to, encoded in the "Rm" field.
Operation

if ConditionPassed () then
EncodingSpecificOperations () ;
BXWritePC (R[m],fm}}+ BranchType INDIR) ;
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CBNZ, CBZ

Compare and Branch on Nonzero and Compare and Branch on Zero compare the value in a register with zero, and conditionally branch forward
a constant value. They do not affect the condition flags.

T1

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
[1 0 1 1]op|O]i]1] imm5 | Rn |

CBNZ (op == 1)
CBNZ{<g>} <Rn>, <label>
CBZ (op == 0)

CBZ{<g>} <Rn>, <label>

n = UInt (Rn); imm32 = ZeroExtend (i:imm5:'0', 32); nonzero = (op == '1l'");
if InITBlock () then UNPREDICTARBLE;

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

Assembler Symbols

<q> See Standard assembler syntax fields.
<Rn> Is the general-purpose register to be tested, encoded in the "Rn" field.
<label> Is the program label to be conditionally branched to. Its offset from the PC, a multiple of 2 and in the range 0 to 126, is

encoded as "i:imm5" times 2.4z

Operation

EncodingSpecificOperations () ;
if nonzero != IsZero(R[n]) then

BranchWritePC(PC + imm32,+PE+ imm32); BranchType DIR) ;
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DCPS1, DCPS2, DCPS3

DCPSx, Debug Change PE State to ELx, where x is 1, 2, or 3.
When executed in Debug state, the target Exception level of the instruction is:

» ELx, if the instruction is executed at an Exception level lower than ELx.
+ Otherwise, the Exception level at which the instruction is executed.

On executing a DCPSx instruction in Debug state when the instruction is not UNDEFINED:

 If the instruction is executed at an Exception level that is lower than the target Exception level the PE enters the target Exception level, Elx,

and:
o If ELx is using AArch64, the PE selects SP_ELx.
o If the target Exception level is EL1 using AArch32 the PE enters Supervisor mode.

o If the instruction was executed in Non-secure state and the target Exception level is EL2 using AArch32 the PE enters Hyp

mode.

o If the target Exception level is EL3 using AArch32 the PE enters Supervisor mode and SCR.NS is set to 0.

» Otherwise, there is no change to the Exception level and:
o If the instruction was executed at EL1 the PE enters Supervisor mode.
o If the instructioniseaetion was executed at EL2 the PE remains in Hyp mode.

o If the instruction was a DCPS1 instruction executed at EL3 the PE enters Supervisor mode and SCR.NS is set to 0.
o If the instruction was a DCPS 3 instruction executed at EL3 the PE enters Monitor mode and SCR.NS is set to 0.

These instructions are always UNDEFINED in Non-debug state.
DCPS1 is UNDEFINED at ELO in Non-secure state if either:

+ EL2 is implemented and using AArch64 and HCR_EL2.TGE == 1.
+ EL2 is implemented and using AArch32 and HCR.TGE == 1.

DCPS2 is UNDEFINED at all Exception levels if EL2 is not implemented.

DCPS2 is UNDEFINED in the following states if EL2 is implemented:

* At ELO and EL1 in Secure state if Secure EL2 is disabled.state:
* AtEL3if EL3 is using AArch32.

DCPS 3 is UNDEFINED at all Exception levels if either:
+ EDSCR.SDD == 1.
* EL3 is not implemented.
On executing a DCPSx instruction that is not UNDEFINED and targets ELx:
» IfELx is using AArch64:
o ELR_ELx, SPSR_ELx, and ESR_ELx become UNKNOWN.

o DLR_ELO and DSPSR_ELO become UNKNOWN.
» IfELx is using AArch32 DLR and DSPSR become UNKNOWN and:

o If the target Exception level is EL1 or EL3, the LR and SPSR of the target PE mode become UNKNOWN.

o If the target Exception level is EL2, then ELR_hyp, SPSR_hyp, and HSR become UNKNOWN.
For more information on the operation of these instructions, see DCPS.

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
1111011 11000[1111[1000[00O0O0O0O0UO0O0O0 0| opt]

DCPS1 (opt == 01)

DCPS1

DCPS2 (opt == 10)

DCPS2

DCPS3 (opt == 11)

DCPS3

if !'Halted() || opt == '00' then UNDEFINED;

DCPS1, DCPS2, DCPS3
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Operation

DCPSInstruction (opt) ;
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LDM, LDMIA, LDMFD

Load Multiple (Increment After, Full Descending) loads multiple registers from consecutive memory locations using an address from a base
register. The consecutive memory locations start at this address, and the address just above the highest of those locations can optionally be

written back to the base register.

The lowest-numbered register is loaded from the lowest memory address, through to the highest-numbered register from the highest memory

address. See also Encoding of lists of general-purpose registers and the PC.

ARMVS.2 permits the deprecation of some Load Multiple ordering behaviors in AArch32 state, for more information see ARMvS.2-LSMAOC.
The registers loaded can include the PC, causing a branch to a loaded address. This is an interworking branch, see Pseudocode description of
operations on the AArch32 general-purpose registers and the PC. Related system instructions are LDM (User registers) and LDM (exception

return).

This instruction is used by the alias POP (multiple registers).

It has encodings from the following instruction sets: A32 ( Al )and T32 (T1and 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

[ =111 |1 0 ofJo[1]o[w][1] Rn | register_list
cond

A1

LDM{IA}{<c>}{<g>} <Rn>{!}, <registers> // (Preferred syntax)

LDMFD{<c>}{<g>} <Rn>{!}, <registers> // (Alternate syntax, Full Descending stack)

n = UInt (Rn); registers = register list; wback = (W == "'1");
if n == 15 || BitCount (registers) < 1 then UNPREDICTABLE;
if wback && registers<n> == 'l1l' then UNPREDICTABLE;

CONSTRAINED UNPREDICTABLE behavior

IfBitCount (registers) < 1, then one of the following behaviors must occur:

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

* The instruction executes as LLDM with the same addressing mode but targeting an unspecified set of registers. These registers might include

R15. If the instruction specifies writeback, the modification to the base address on writeback might differ from the number of registers

loaded.
Ifwback && registers<n> == '1', then one of the following behaviors must occur:

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

» The instruction performs all of the loads using the specified addressing mode and the content of the register that is written back is

UNKNOWN. In addition, if an exception occurs during such an instruction, the base address might be corrupted so that the instruction cannot

be repeated.
™

%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[1 1 0 0][]1] Rn | register_list

LDM, LDMIA, LDMFD
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T

LDM{IA}{<c>}{<g>} <Rn>{

LDMED{<c>} {<g>} <Rn>{!},

n = UInt (Rn);

registers =

'Y

if BitCount (registers) < 1

CONSTRAINED UNPREDICTABLE behavior

If BitCount (registers)

* The instruction is UNDEFINED.

+ The instruction executes as NOP.

<registers> //

'00000000"':register list;

<registers> //

(Preferred syntax)

(Alternate syntax, Full Descending stack)

wback = (registers<n> == '0"');

then UNPREDICTABLE;

< 1, then one of the following behaviors must occur:

* The instruction executes as LLDM with the same addressing mode but targeting an unspecified set of registers. These registers might include
R15. If the instruction specifies writeback, the modification to the base address on writeback might differ from the number of registers

loaded.
T2
151413121110 9 8 7 6 5 4 3 2 1 0151413121110 9 8 7 6 5 4 3 2 1 0
1110 1 0 0[0 1]o[w|[1] Rn [P [M] register_list |
454443424140 9 8 7 6 5 4 83 2 4 01514 43 1211100 8 7 65 43214108
|4 2 40 % 00[0 2[0[W2 Bn [P M| ©) | register_list |

T2

etor_list<12

LDM{IA}{<c>}.W <Rn>{!}, <registers> // (Preferred syntax, if <Rn>, '!'

LDMFD{<c>}.W <Rn>{!}, <registers> // (Alternate syntax, Full Descending stack,

LDM{IA}{<c>}{<g>} <Rn>{!}, <registers> // (Preferred syntax)

LDMFD{<c>}{<g>} <Rn>{!}, <registers> // (Alternate syntax, Full Descending stack)

n = UInt (Rn); registers = P:M:register list; wback = (W == '1");

if n == 15 || BitCount (registers) < 2 || (P == '1' & M == '1') then UNPREDICTABLE;
if wback && registers<n> == 'l1l' then UNPREDICTABLE;

if registers<l13> == '1l' then UNPREDICTABLE;

if registers<15> == '1' && InITBlock() && !LastInITBlock() then UNPREDICTABLE;

CONSTRAINED UNPREDICTABLE behavior

If BitCount (registers) < 1,then one of the following behaviors must occur:

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

if <Rn>,

!

and <registers> can be represent

and <regist

 The instruction executes as 1.DM with the same addressing mode but targeting an unspecified set of registers. These registers might include
R15. If the instruction specifies writeback, the modification to the base address on writeback might differ from the number of registers

loaded.
Ifwback && registers<n> == '1',then one of the following behaviors must occur:

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

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

be repeated.

If BitCount (registers) 1, then one of the following behaviors must occur:

* The instruction is UNDEFINED.

LDM, LDMIA, LDMFD
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* The instruction executes as NOP.

» The instruction loads a single register using the specified addressing modes.

* The instruction executes as L,DM with the same addressing mode but targeting an unspecified set of registers. These registers might include
R15.

If registers<13> == '1"', 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, but R13 is UNKNOWN.

IfP == '1' && M == '1",then one of the following behaviors must occur:

* The instruction is UNDEFINED.
« The instruction executes as NOP.
* The instruction loads the register list and either R14 or R15, both R14 and R15, or neither of these registers.

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

Assembler Symbols

1A Is an optional suffix for the Increment After form.

<c> See Standard assembler syntax fields.

<g> See Standard assembler syntax fields.

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

! For encoding A1 and T2: the address adjusted by the size of the data loaded is written back to the base register. If specified,
it is encoded in the "W" field as 1, otherwise this field defaults to 0.

For encoding T1: the address adjusted by the size of the data loaded is written back to the base register. It is omitted if <Rn>
is included in <registers>, otherwise it must be present.

<registers> For encoding Al: is a list of one or more registers to be loaded, separated by commas and surrounded by { and }.
The PC can be in the list.
ARM deprecates using these instructions with both the LR and the PC in the list.

For encoding T1: is a list of one or more registers to be loaded, separated by commas and surrounded by { and }. The
registers in the list must be in the range R0-R7, encoded in the "register_list" field.

For encoding T2: is a list of one or more registers to be loaded, separated by commas and surrounded by { and }. The
registers in the list must be in the range R0-R12, encoded in the "register list" field, and can optionally contain one of the
LR or the PC. If the LR is in the list, the "M" field is set to 1, otherwise it defaults to 0. If the PC is in the list, the "P" field is
set to 1, otherwise it defaults to 0.
If the PC is in the list:

* The LR must not be in the list.

* The instruction must be either outside any IT block, or the last instruction in an IT block.

Alias Conditions

Alias Of variantIs preferred when
POP (multiple registers) = T2 == 'l' && Rn == '1101' && BitCount (P:M:register list) > 1
POP (multiple registers) = Al W=="1' && Rn == '1101' && BitCount (register list) > 1
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Operation

if ConditionPassed() then
EncodingSpecificOperations () ;
address = R[n];
for i = 0 to 14

if registers<i> == '1l' then
R[i] = MemA[address,4]; address = address + 4;
if registers<1l5> == '1l' then
LoadWritePC (MemA [address, 4]) ;
if wback && registers<n> == '0' then R[n] = R[n] + 4*BitCount (registers);
if wback && registers<n> == 'l' then R[n] = bits(32) UNKNOWN;

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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LDMDB, LDMEA

Load Multiple Decrement Before (Empty Ascending) loads multiple registers from consecutive memory locations using an address from a base
register. The consecutive memory locations end just below this address, and the address of the lowest of those locations can optionally be written
back to the base register.

The lowest-numbered register is loaded from the lowest memory address, through to the highest-numbered register from the highest memory
address. See also Encoding of lists of general-purpose registers and the PC.

ARMVS.2 permits the deprecation of some Load Multiple ordering behaviors in AArch32 state, for more information see ARMvS.2-LSMAOC.
The registers loaded can include the PC, causing a branch to a loaded address. This is an interworking branch, see Pseudocode description of
operations on the AArch32 general-purpose registers and the PC. Related system instructions are LDM (User registers) and LDM (exception
return).

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 0 of[1]o]o[w][1] Rn | register_list

cond
A1

LDMDB{<c>}{<g>} <Rn>{!}, <registers> // (Preferred syntax)

LDMEA{<c>}{<g>} <Rn>{!}, <registers> // (Alternate syntax, Empty Ascending stack)

n = UInt (Rn); registers = register list; wback = (W == "'1");
if n == 15 || BitCount (registers) < 1 then UNPREDICTABLE;
if wback && registers<n> == 'l1l' then UNPREDICTABLE;

CONSTRAINED UNPREDICTABLE behavior

T1

15 14 13 12 11 10

Ifwback && registers<n> == '1',then one of the following behaviors must occur:

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

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

If BitCount (registers) < 1,then one of the following behaviors must occur:

+ The instruction is UNDEFINED.
* The instruction executes as NOP.
 The instruction executes as 1,DM with the same addressing mode but targeting an unspecified set of registers. These registers might include

R15. If the instruction specifies writeback, the modification to the base address on writeback might differ from the number of registers
loaded.

| 1

4 3 2 1 0151413121110 9 8 7 6 5 4 3 2 1 0
1

6 5
1 1010 [0 |W Rn [P [M] register_list |

E

9
0
M43 21440 89 8
]

[1]
RN R 43 P20 8 7 66432148

8 7
10
765 4

4 4041002 0]/0/wi1] Ba [P M| ©) | registerist |

etor_list=12
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T

LDMDB{<c>}{<g>} <Rn>{!}, <registers> // (Preferred syntax)

LDMEA{<c>}{<g>} <Rn>{!}, <registers> // (Alternate syntax, Empty Ascending stack)

n = UInt (Rn); registers = P:M:register list; wback = (W == '1");

if n == 15 || BitCount (registers) < 2 || (P == '1' && M == '1') then UNPREDICTABLE;
if wback && registers<n> == 'l1l' then UNPREDICTABLE;

if registers<l13> == '1l' then UNPREDICTABLE;

if registers<l15> == '1' && InITBlock() && !LastInITBlock() then UNPREDICTABLE;

CONSTRAINED UNPREDICTABLE behavior

Ifwback && registers<n> == '1',then one of the following behaviors must occur:

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

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

If BitCount (registers) < 1, then one of the following behaviors must occur:

* The instruction is UNDEFINED.
« The instruction executes as NOP.
* The instruction executes as 1.DM with the same addressing mode but targeting an unspecified set of registers. These registers might include

R15. If the instruction specifies writeback, the modification to the base address on writeback might differ from the number of registers
loaded.

IfBitCount (registers) == 1, then one of the following behaviors must occur:

 The instruction is UNDEFINED.

« The instruction executes as NOP.

» The instruction loads a single register using the specified addressing modes.

 The instruction executes as 1.DM with the same addressing mode but targeting an unspecified set of registers. These registers might include
RI1S.

If registers<13> == '1', 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, but R13 is UNKNOWN.

IfP == '1' && M == '1"',then one of the following behaviors must occur:

* The instruction is UNDEFINED.
* The instruction executes as NOP.
» The instruction loads the register list and either R14 or R15, both R14 and R15, or neither of these 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.

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

! The address adjusted by the size of the data loaded is written back to the base register. If specified, it is encoded in the "W"
field as 1, otherwise this field defaults to 0.

<registers> For encoding A1: is a list of one or more registers to be loaded, separated by commas and surrounded by { and }.

The PC can be in the list.
ARM deprecates using these instructions with both the LR and the PC in the list.
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For encoding T1: is a list of one or more registers to be loaded, separated by commas and surrounded by { and }. The
registers in the list must be in the range R0-R12, encoded in the "register list" field, and can optionally contain one of the
LR or the PC. If the LR is in the list, the "M" field is set to 1, otherwise it defaults to 0. If the PC is in the list, the "P" field is
set to 1, otherwise it defaults to 0.
If the PC is in the list:

* The LR must not be in the list.

+ The instruction must be either outside any IT block, or the last instruction in an IT block.

Operation

if ConditionPassed() then
EncodingSpecificOperations () ;

address = R[n] - 4*BitCount (registers);
for i = 0 to 14

if registers<i> == '1' then

R[i] = MemA[address,4]; address = address + 4;

if registers<15> == '1' then

LoadWritePC (MemA [address, 4]) ;
if wback && registers<n> == '0' then R[n] = R[n] - 4*BitCount (registers);
if wback && registers<n> == 'l' then R[n] = bits(32) UNKNOWN;

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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POP (multiple registers)

Pop Multiple Registers from Stack loads multiple general-purpose registers from the stack, loading from consecutive memory locations starting
at the address in SP, and updates SP to point just above the loaded data.

This is an alias of LDM, LDMIA, LDMFD. This means:

» The encodings in this description are named to match the encodings of LDM, LDMIA, LDMFD.
» The description of LDM, LDMIA, LDMFD gives the operational pseudocode for this instruction.

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

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 ofo[1]o[1][1][1 1 0 1] register_list

cond W Rn
A1

POP{<c>}{<g>} <registers>

is equivalent to

LDM{<c>}{<g>} SP!, <registers>

and is the preferred disassembly when BitCount (register list) > 1.
T2
151413121110 9 8 7 6 5 4 3 2 1 0151413121110 9 8 7 6 5 4 3 2 1 0
(11101 0 00 1]o[1][1][1 1 0 1[P[M] register_list |

W Rn
BB P20 87654324081 3 P2H09 876543248
|12 2404 00(0%[0/2[2(% 20 2|P[M| ©) | registerlist |
W Rr fegisterlist<13=

T2

POP{<c>}.W <registers> // (All registers in RO-R7, PC)
POP{<c>}{<g>} <registers>

is equivalent to

LDM{<c>}{<g>} SP!, <registers>

and is the preferred disassembly when BitCount (P:M:register list) > 1.

Assembler Symbols

<c> See Standard assembler syntax fields.
<q> See Standard assembler syntax fields.
<registers> For encoding A1l: is a list of two or more registers to be loaded, separated by commas and surrounded by { and }. The

lowest-numbered register is loaded from the lowest memory address, through to the highest-numbered register from the
highest memory address. See also Encoding of lists of general-purpose registers and the PC.

If the SP is in the list, the value of the SP after such an instruction is UNKNOWN.
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The PC can be in the list. If it is, the instruction branches to the address loaded to the PC. This is an interworking branch, see
Pseudocode description of operations on the AArch32 general-purpose registers and the PC.

ARM deprecates the use of this instruction with both the LR and the PC in the list.

For encoding T2: is a list of two or more registers to be loaded, separated by commas and surrounded by { and }. The
lowest-numbered register is loaded from the lowest memory address, through to the highest-numbered register from the
highest memory address. See also Encoding of lists of general-purpose registers and the PC.

The registers in the list must be in the range R0-R12, encoded in the "register list" field, and can optionally contain one of
the LR or the PC. If the LR is in the list, the "M" field is set to 1, otherwise it defaults to 0. If the PC is in the list, the "P"
field is set to 1, otherwise it defaults to 0.

The PC can be in the list. If it is, the instruction branches to the address loaded to the PC. This is an interworking branch, see
Pseudocode description of operations on the AArch32 general-purpose registers and the PC. If the PC is in the list:

e The LR must not be in the list.
» The instruction must be either outside any IT block, or the last instruction in an IT block.

Operation

The description of LDM, LDMIA, LDMFED gives the operational pseudocode for this instruction.
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PUSH (multiple registers)

Push multiple registers to Stack stores multiple general-purpose registers to the stack, storing to consecutive memory locations ending just below
the address in SP, and updates SP to point to the start of the stored data.

This is an alias of STMDB, STMFD. This means:

» The encodings in this description are named to match the encodings of STMDB, STMFED.
» The description of STMDB, STMFED gives the operational pseudocode for this instruction.

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 of[1]o]Jo[1]of[1 1 0 1] register_list

cond W Rn
A1

PUSH{<c>}{<g>} <registers>

is equivalent to

STMDB{<c>}{<g>} SP!, <registers>

and is the preferred disassembly when BitCount (register list) > 1.
T
151413121110 9 8 7 6 5 4 3 2 1 0151413121110 9 8 7 6 5 4 3 2 1 0
(1110 1 0 0[1 o[o[1]0o[1 1 0 1][0)M] register_list |

W Rn
BB P20 87654324081 3 P2H09 876543248
|12 2104 00[/%20[0/2(0(% 20 1M ©) | registerlist |
W Rn R fegister list<13>

T1

PUSH{<c>}.W <registers> // (All registers in RO-R7, LR)
PUSH{<c>} {<g>} <registers>

is equivalent to

STMDB{<c>}{<g>} SP!, <registers>

and is the preferred disassembly when BitCount (M: register list) > 1.

Assembler Symbols

<c> See Standard assembler syntax fields.
<q> See Standard assembler syntax fields.
<registers> For encoding A1l: is a list of two or more registers to be stored, separated by commas and surrounded by { and }. The

lowest-numbered register is stored to the lowest memory address, through to the highest-numbered register to the highest
memory address. See also Encoding of lists of general-purpose registers and the PC.

The SP and PC can be in the list. However:
* ARM deprecates the use of instructions that include the PC in the list.
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+ Ifthe SP is in the list, and it is not the lowest-numbered register in the list, the instruction stores an UNKNOWN value for
the SP.

For encoding T1: is a list of one or more registers to be stored, separated by commas and surrounded by { and }. The lowest-
numbered register is stored to the lowest memory address, through to the highest-numbered register to the highest memory
address. See also Encoding of lists of general-purpose registers and the PC.

The registers in the list must be in the range R0-R12, encoded in the "register list" field, and can optionally contain the LR.
If the LR is in the list, the "M" field is set to 1, otherwise it defaults to 0.

Operation

The description of STMDB, STMFD gives the operational pseudocode for this instruction.
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SB

no old file htmldiff from- (new)

Speculation Barrier is a barrier that controls speculation.
The semantics of the Speculation Barrier are that the execution, until the barrier completes, of any instruction that appears later in the program
order than the barrier:

» Cannot be performed speculatively to the extent that such speculation can be observed through side-channels as a result of control flow

speculation or data value speculation.

+ Can be speculatively executed as a result of predicting that a potentially exception generating instruction has not generated an exception.
In particular, any instruction that appears later in the program order than the barrier cannot cause a speculative allocation into any caching
structure where the allocation of that entry could be indicative of any data value present in memory or in the registers.

The SB instruction:
+ Cannot be speculatively executed as a result of control flow speculation or data value speculation.
+ Can be speculatively executed as a result of predicting that a potentially exception generating instruction has not generated an exception.
The potentially exception generating instruc$
When the prediction of the instruction stream is not informed by data taken from the register outputs of the speculative execution of instructions
appearing in program order after an uncompleted SB instruction, the SB instruction has no effect on the use of prediction resources to predict the
instruction stream that is being fetched.

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[MOOOOIOIOIOINOIOIO[O[O[0 1 1 1]0) (0) (0) (0)]
A1

SB{<q>}

// 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[MOOMMI1T oJofo[IMIM[M[o 1 1 1](0) (0) (0) (0)]
T1

SB{<g>}

if InITBlock () then UNPREDICTABLE;

Assembler Symbols

<g> See Standard assembler syntax fields.

Operation

if ConditionPassed() then
EncodingSpecificOperations () ;
SpeculationBarrier();
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STM, STMIA, STMEA

Store Multiple (Increment After, Empty Ascending) stores multiple registers to consecutive memory locations using an address from a base
register. The consecutive memory locations start at this address, and the address just above the last of those locations can optionally be written
back to the base register.

The lowest-numbered register is loaded from the lowest memory address, through to the highest-numbered register from the highest memory
address. See also Encoding of lists of general-purpose registers and the PC.

ARMVS.2 permits the deprecation of some Store Multiple ordering behaviors in AArch32 state, for more information see ARMvS.2-LSMAOC.
For details of related system instructions see STM (User registers).

It has encodings from the following instruction sets: A32 ( Al )and T32 (T1and 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
[ =111 |1 0 ofJo[1]o[w]|o] Rn | register_list

cond

A1

STM{IA}{<c>}{<g>} <Rn>{!}, <registers> // (Preferred syntax)
STMEA{<c>}{<g>} <Rn>{!}, <registers> // (Alternate syntax, Empty Ascending stack)

n = UInt (Rn); registers = register list; wback = (W == '1");
if n == 15 || BitCount (registers) < 1 then UNPREDICTABLE;

CONSTRAINED UNPREDICTABLE behavior

IfBitCount (registers) < 1, then one of the following behaviors must occur:

» The instruction is UNDEFINED.
* The instruction executes as NOP.
+ The instruction operates as an S TM with the same addressing mode but targeting an unspecified set of registers. These registers might

include R15. If the instruction specifies writeback, the modification to the base address on writeback might differ from the number of
registers stored.

Ifn == 15 && wback, 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 executes with writeback to the PC. The instruction is handled as described in Using R15.

T1
%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[1 1 0 0]0o] Rn | register_list

™

STM{IA}{<c>}{<g>} <Rn>!, <registers> // (Preferred syntax)
STMEA{<c>}{<g>} <Rn>!, <registers> // (Alternate syntax, Empty Ascending stack)

n = UInt (Rn); registers = '00000000':register list; wback = TRUE;
if BitCount (registers) < 1 then UNPREDICTABLE;
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CONSTRAINED UNPREDICTABLE behavior

IfBitCount (registers) < 1, then one of the following behaviors must occur:

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

* The instruction operates as an STM with the same addressing mode but targeting an unspecified set of registers. These registers might

include R15. If the instruction specifies writeback, the modification to the base address on writeback might differ from the number of
registers stored.

Ifn == 15 && wback, 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 executes with writeback to the PC. The instruction is handled as described in Using RI5.

T2
5141312110 9 8 7 6 5 4 3 2 1 0151413121110 9 8 7 6 5 4 3 2 1 0
17110 1 00[0 1[0o[w[0] Rn [(0)| M| register_list |
P
M43 2H14108 8 £ 6 &8 4 3 2 1 084514 B 24109 8 £ 6 58 43 2 12 8
|2 4 101 00]/03/o/we] Rs [oM] © | registerlist |
B registerlisi<i3=

T2

STM{IA}{<c>}.W <Rn>{!}, <registers> // (Preferred syntax, if <Rn>, '!' and <registers> can be represent

STMEA{<c>}.W <Rn>{!}, <registers> // (Alternate syntax, Empty Ascending stack, if <Rn>, '!' and <regist

STM{IA}{<c>}{<g>} <Rn>{!}, <registers> // (Preferred syntax)
STMEA {<c>} {<g>} <Rn>{!}, <registers> // (Alternate syntax, Empty Ascending stack)

n = UInt (Rn); registers = P:M:register list; wback = (W == '1");
if n == 15 || BitCount (registers) < 2 then UNPREDICTABLE;

if wback && registers<n> == 'l' then UNPREDICTABLE;

if registers<13> == '1l' then UNPREDICTABLE;

if registers<l15> == '1l' then UNPREDICTABLE;

CONSTRAINED UNPREDICTABLE behavior

If BitCount (registers) < 1, then one of the following behaviors must occur:

 The instruction is UNDEFINED.
« The instruction executes as NOP.
« The instruction operates as an STM with the same addressing mode but targeting an unspecified set of registers. These registers might

include R15. If the instruction specifies writeback, the modification to the base address on writeback might differ from the number of
registers stored.

IfBitCount (registers) == 1, 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 instruction operates as an S TM with the same addressing mode but targeting an unspecified set of registers. These registers might
include R15.

Ifwback && registers<n> == '1', then one of the following behaviors must occur:

* The instruction is UNDEFINED.
+ The instruction executes as NOP.
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» The store instruction executes but the value stored for the base register is UNKNOWN.
If registers<13> == '1"', then one of the following behaviors must occur:

* The instruction is UNDEFINED.
* The instruction executes as NOP.
» The store instruction performs all of the stores using the specified addressing mode but the value of R13 is UNKNOWN.

If registers<15> == '1",then one of the following behaviors must occur:

* The instruction is UNDEFINED.
« The instruction executes as NOP.
» The store instruction performs all of the stores using the specified addressing mode but the value of R15 is UNKNOWN.

Ifn == 15 && wback, 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 executes with writeback to the PC. The instruction is handled as described in Using R15.

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

behaviors.

Assembler Symbols

1A Is an optional suffix for the Increment After form.

<c> See Standard assembler syntax fields.

<gq> See Standard assembler syntax fields.

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

! The address adjusted by the size of the data loaded is written back to the base register. If specified, it is encoded in the "W"

field as 1, otherwise this field defaults to 0.

<registers> For encoding A1l: is a list of one or more registers to be stored, separated by commas and surrounded by { and }.
The PC can be in the list. However, ARM deprecates the use of instructions that include the PC in the list.

If base register writeback is specified, and the base register is not the lowest-numbered register in the list, such an instruction

stores an UNKNOWN value for the base register.

For encoding T1: is a list of one or more registers to be stored, separated by commas and surrounded by { and }. The
registers in the list must be in the range R0-R7, encoded in the "register list" field. If the base register is not the lowest-

numbered register in the list, such an instruction stores an UNKNOWN value for the base register.

For encoding T2: is a list of one or more registers to be stored, separated by commas and surrounded by { and }.

The registers in the list must be in the range R0-R12, encoded in the "register list" field, and can optionally contain the LR.

If the LR is in the list, the "M" field is set to 1, otherwise it defaults to 0.

Operation

if ConditionPassed() then
EncodingSpecificOperations () ;
address = R[n];
for i = 0 to 14

if registers<i> == '1l' then
if i == n && wback && i != LowestSetBit (registers) then
MemA [address, 4] = bits(32) UNKNOWN; // Only possible for encodings Tl and Al
else
MemA [address, 4] = R[1i];
address = address + 4;
if registers<1l5> == 'l' then // Only possible for encoding Al
MemA [address, 4] = PCStoreValue();
if wback then R[n] = R[n] + 4*BitCount (registers);

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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STMDB, STMFD

Store Multiple Decrement Before (Full Descending) stores multiple registers to consecutive memory locations using an address from a base

register. The consecutive memory locations end just below this address, and the address of the first of those locations can optionally be written

back to the base register.

The lowest-numbered register is loaded from the lowest memory address, through to the highest-numbered register from the highest memory

address. See also Encoding of lists of general-purpose registers and the PC.

ARMVS.2 permits the deprecation of some Store Multiple ordering behaviors in AArch32 state, for more information see ARMvS.2-LSMAOC.

For details of related system instructions see STM (User registers).

This instruction is used by the alias PUSH (multiple registers).

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 0 of[1]o]o[w]o] Rn | register_list

cond

A1

STMDB{<c>} {<g>} <Rn>{!}, <registers> // (Preferred syntax)

STMFD{<c>}{<g>} <Rn>{!}, <registers> // (Alternate syntax, Full Descending stack)

n = UInt (Rn); registers = register list; wback = (W == '1");
if n == 15 || BitCount (registers) < 1 then UNPREDICTABLE;

CONSTRAINED UNPREDICTABLE behavior

IfBitCount (registers) < 1, then one of the following behaviors must occur:

» The instruction is UNDEFINED.
* The instruction executes as NOP.
+ The instruction operates as an STM with the same addressing mode but targeting an unspecified set of registers. These registers might

include R15. If the instruction specifies writeback, the modification to the base address on writeback might differ from the number of
registers stored.

T1
151413121110 9 8 7 6 5 4 3 2 1 0151413121109 8 7 6 5 4 3 2 1 0
1110 1 0 0[1 oJo[w|oO] Rn [(©)| M | register_list |
P
AR M0g 8768543210114 B 209 876548321438
|2 42 0% 00|72 0[0/ws] R |[@M] ©) | rogister list |
P rogisterlist<13>

T

STMDB{<c>} {<g>} <Rn>{!}, <registers> // (Preferred syntax)

STMFD{<c>}{<g>} <Rn>{!}, <registers> // (Alternate syntax, Full Descending stack)

n = UInt (Rn); registers = P:M:register list; wback = (W == "'1");
if n == 15 || BitCount (registers) < 2 then UNPREDICTABLE;

if wback && registers<n> == 'l' then UNPREDICTABLE;

if registers<l13> == '1l' then UNPREDICTABLE;

if registers<l15> == '1l' then UNPREDICTABLE;
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CONSTRAINED UNPREDICTABLE behavior

IfBitCount (registers) < 1, then one of the following behaviors must occur:

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

* The instruction operates as an STM with the same addressing mode but targeting an unspecified set of registers. These registers might

include R15. If the instruction specifies writeback, the modification to the base address on writeback might differ from the number of
registers stored.

Ifwback && registers<n> == '1',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 for the base register is UNKNOWN.

IfBitCount (registers) == 1, 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 instruction operates as an STM with the same addressing mode but targeting an unspecified set of registers. These registers might
include R15.

If registers<13> == '1', 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 store instruction performs all of the stores using the specified addressing mode but the value of R13 is UNKNOWN.

If registers<15> == '1"', then one of the following behaviors must occur:

* The instruction is UNDEFINED.
* The instruction executes as NOP.
» The store instruction performs all of the stores using the specified addressing mode but the value of 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.
<Rn> Is the general-purpose base register, encoded in the "Rn" field.

! The address adjusted by the size of the data loaded is written back to the base register. If specified, it is encoded in the "W"
field as 1, otherwise this field defaults to 0.

<registers> For encoding A1: is a list of one or more registers to be stored, separated by commas and surrounded by { and }.
The PC can be in the list. However, ARM deprecates the use of instructions that include the PC in the list.
If base register writeback is specified, and the base register is not the lowest-numbered register in the list, such an instruction
stores an UNKNOWN value for the base register.
For encoding T1: is a list of one or more registers to be stored, separated by commas and surrounded by { and }.

The registers in the list must be in the range R0-R12, encoded in the "register list" field, and can optionally contain the LR.
If the LR is in the list, the "M" field is set to 1, otherwise it defaults to 0.

Alias Conditions

Alias Of variantIs preferred when
PUSH (multiple registers) @ T1 W == "1"'" && Rn == '1101' && BitCount (M:register list) > 1
PUSH (multiple registers) = Al == 'l' && Rn == '1101' && BitCount (register list) > 1
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Operation

if ConditionPassed() then
EncodingSpecificOperations () ;

address = R[n] - 4*BitCount (registers);
for i = 0 to 14
if registers<i> == '1l' then
if i == n && wback && i != LowestSetBit (registers) then
MemA[address, 4] = bits(32) UNKNOWN; // Only possible for encoding Al
else
MemA [address, 4] = R[1i];
address = address + 4;
if registers<15> == '1' then // Only possible for encoding Al
MemA [address, 4] = PCStoreValue();
if wback then R[n] = R[n] - 4*BitCount (registers);

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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TBB, TBH

Table Branch Byte or Halfword causes a PC-relative forward branch using a table of single byte or halfword offsets. A base register provides a
pointer to the table, and a second register supplies an index into the table. The branch length is twice the value returned from the table.

T
%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 1101000110 1] R [OOOIOOOO[O[0 0 0JH] Rm |

Byte (H == 0)

TBB{<c>}{<g>} [<Rn>, <Rm>] // (Outside or last in IT block)

Halfword (H == 1)

TBH{<c>}{<g>} [<Rn>, <Rm>, LSL #1] // (Outside or last in IT block)

n = UInt(Rn); m = UInt(Rm); is tbh = (H == '1");
if m == 15 then UNPREDICTABLE; // ARMv8-A removes UNPREDICTABLE for R13
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.
<g> See Standard assembler syntax fields.
<Rn> Is the general-purpose base register holding the address of the table of branch lengths, encoded in the "Rn" field. The PC can

be used. If it is, the table immediately follows this instruction.

<Rm> For the byte variant: is the general-purpose index register, encoded in the "Rm" field. This register contains an integer
pointing to a single byte in the table. The offset in the table is the value of the index.

For the halfword variant: is the general-purpose index register, encoded in the "Rm" field. This register contains an integer
pointing to a halfword in the table. The offset in the table is twice the value of the index.

Operation

if ConditionPassed() then
EncodingSpecificOperations () ;
if is tbh then
halfwords = UInt (MemU[R[n]+LSL(R[m],1), 21);
else
halfwords = UInt (MemU[R[n]+R[m], 1]);
BranchWritePC(PC + 2*halfwords,PE+ 2*halfwerds); BranchType INDIR) ;

Internal version only: isa v00_87380-83, pseudocode v85-xml-00bet8 rc3¥35:3 ; Build timestamp: 2018-09-13T14260418-06-16T10:0043

Copyright © 2010-2018 ARM Limited or its affiliates. All rights reserved. This document is Non-Confidential.

(old) htmldiff from- (new)

TBB, TBH Page 50


ISA_v85A_AArch32_xml_00bet8/from-ISA_v84A_AArch32_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v85A_AArch32_xml_00bet8/from-ISA_v84A_AArch32_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v85A_AArch32_xml_00bet8/from-ISA_v84A_AArch32_xml_00bet7/shared_pseudocode.html#impl-aarch32.InITBlock.0
ISA_v85A_AArch32_xml_00bet8/from-ISA_v84A_AArch32_xml_00bet7/shared_pseudocode.html#impl-aarch32.LastInITBlock.0
ISA_v85A_AArch32_xml_00bet8/from-ISA_v84A_AArch32_xml_00bet7/shared_pseudocode.html#impl-aarch32.ConditionPassed.0
ISA_v85A_AArch32_xml_00bet8/from-ISA_v84A_AArch32_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v85A_AArch32_xml_00bet8/from-ISA_v84A_AArch32_xml_00bet7/shared_pseudocode.html#impl-aarch32.MemU.read.2
ISA_v85A_AArch32_xml_00bet8/from-ISA_v84A_AArch32_xml_00bet7/shared_pseudocode.html#impl-aarch32.R.read.1
ISA_v85A_AArch32_xml_00bet8/from-ISA_v84A_AArch32_xml_00bet7/shared_pseudocode.html#impl-shared.LSL.2
ISA_v85A_AArch32_xml_00bet8/from-ISA_v84A_AArch32_xml_00bet7/shared_pseudocode.html#impl-aarch32.R.read.1
ISA_v85A_AArch32_xml_00bet8/from-ISA_v84A_AArch32_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v85A_AArch32_xml_00bet8/from-ISA_v84A_AArch32_xml_00bet7/shared_pseudocode.html#impl-aarch32.MemU.read.2
ISA_v85A_AArch32_xml_00bet8/from-ISA_v84A_AArch32_xml_00bet7/shared_pseudocode.html#impl-aarch32.R.read.1
ISA_v85A_AArch32_xml_00bet8/from-ISA_v84A_AArch32_xml_00bet7/shared_pseudocode.html#impl-aarch32.R.read.1
ISA_v85A_AArch32_xml_00bet8/from-ISA_v84A_AArch32_xml_00bet7/shared_pseudocode.html#impl-aarch32.BranchWritePC.2
ISA_v85A_AArch32_xml_00bet8/from-ISA_v84A_AArch32_xml_00bet7/shared_pseudocode.html#BranchType_INDIR

(old) htmldiff from- (new)

VBIT

Vector Bitwise Insert if True inserts each bit from the first source register into the destination register if the corresponding bit of the second
source register is 1, otherwise leaves the bit in the destination register unchanged.

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

1711100 1[1][0o[D[1 0] Vn | vd [0 0 0 1|NJQ[M][1] Vm |
op

64-bit SIMD vector (Q == 0)

VBIT{<c>}{<g>}{.<dt>} {<Dd>,} <Dn>, <Dm>

128-bit SIMD vector (Q == 1)

VBIT{<c>}{<g>}{.<dt>} {<Qd>,} <Qn>, <Qm>

if Q == '"1'" && (Vd<0> == '1' || Vn<0> == '1' || Vm<O0> == '1') then UNDEFINED;

if op == '00' then SEE "VEOR";

if op == '01' then operation = VBitOps VBSL;

if op == '10' then operation = VBitOps VBIT;

if op == '11' then operation = VBitOps VBIF;

d = UInt(D:Vd); n = UInt(N:Vn); m = UInt(M:Vm); regs = if Q == '0' then 1 else 2;
T
%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 1 1]1]1 1 1 1 o[D[1 0] vn | Vd [0 0 0 1[N[Q[M][1] Vm |

op

64-bit SIMD vector (Q == 0)

VBIT{<c>}{<g>}{.<dt>} {<Dd>,} <Dn>, <Dm>

128-bit SIMD vector (Q == 1)

VBIT{<c>}{<g>}{.<dt>} {<Qd>,} <Qn>, <Qm>

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

if op == '00' then SEE "VEOR";

if op == '01' then operation = VBitOps VBSL;

if op == '10' then operation = VBitOps VBIT;

if op == '11l' then operation = VBitOps VBIF;

d = UInt(D:Vd); n = UInt(N:Vn); m = UInt (M:Vm); regs = if Q == '0' then 1 else 2;

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.
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<dt> An optional data type. It is ignored by assemblers, and does not affect the encoding.

<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 VBitOps {VBitOps_ VBIF, VBitOps VBIT, VBitOps VBSL};

if ConditionPassed () then
EncodingSpecificOperations(); CheckAdvSIMDEnabled() ;
for r = 0 to regs-1
case operation of
when VBitOps VBIF D[d+r] = (D[d+r] AND D[m+r]) OR (D[n+r] AND NOT (D[m+r]));
when VBitOps VBIT D[d+r] = (D[n+r] AND D[m+r]) OR (D[d+r] AND NOT (D[m+r]));
when VBitOps VBSL D[d+r] = (D[n+r] AND D[d+r]) OR (D[m+r] AND NOT (D[d+r]));

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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VBSL

Vector Bitwise Select sets each bit in the destination to the corresponding bit from the first source operand when the original destination bit was
1, otherwise from the second source operand.

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

1711100 1[1][0o[D[0 1] Vn | vd [0 0 0 1|NJQ[M][1] Vm |
op

64-bit SIMD vector (Q == 0)

VBSL{<c>} {<g>}{.<dt>} {<Dd>,} <Dn>, <Dm>

128-bit SIMD vector (Q == 1)

VBSL{<c>}{<g>}{.<dt>} {<Qd>,} <Qn>, <Qm>

if Q == '"1'" && (Vd<0> == '1' || Vn<0> == '1' || Vm<O0> == '1') then UNDEFINED;

if op == '00' then SEE "VEOR";

if op == '01' then operation = VBitOps VBSL;

if op == '10' then operation = VBitOps VBIT;

if op == '11' then operation = VBitOps VBIF;

d = UInt(D:Vd); n = UInt(N:Vn); m = UInt(M:Vm); regs = if Q == '0' then 1 else 2;
T
%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 1 1]1]1 1 1 1 o[DJo 1] vn | Vd [0 0 0 1[N[Q[M][1] Vm |

op

64-bit SIMD vector (Q == 0)

VBSL{<c>}{<g>}{.<dt>} {<Dd>,} <Dn>, <Dm>

128-bit SIMD vector (Q == 1)

VBSL{<c>}{<g>}{.<dt>} {<Qd>,} <Qn>, <Qm>

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

if op == '00' then SEE "VEOR";

if op == '01' then operation = VBitOps VBSL;

if op == '10' then operation = VBitOps VBIT;

if op == '11l' then operation = VBitOps VBIF;

d = UInt(D:Vd); n = UInt(N:Vn); m = UInt (M:Vm); regs = if Q == '0' then 1 else 2;

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.
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<dt> An optional data type. It is ignored by assemblers, and does not affect the encoding.

<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 VBitOps {VBitOps_ VBIF, VBitOps VBIT, VBitOps VBSL};

if ConditionPassed () then
EncodingSpecificOperations(); CheckAdvSIMDEnabled() ;
for r = 0 to regs-1
case operation of
when VBitOps VBIF D[d+r] = (D[d+r] AND D[m+r]) OR (D[n+r] AND NOT (D[m+r]));
when VBitOps VBIT D[d+r] = (D[n+r] AND D[m+r]) OR (D[d+r] AND NOT (D[m+r]));
when VBitOps VBSL D[d+r] = (D[n+r] AND D[d+r]) OR (D[m+r] AND NOT (D[d+r]));

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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VCMLA (by element)

Vector Complex Multiply Accumulate (by element).

(new)

This instruction operates on complex numbers that are represented in SIMD&FP registers as pairs of elements, with the more significant element
holding the imaginary part of the number and the less significant element holding the real part of the number. Each element holds a floating-point
value. It performs the following computation on complex numbers from the first source register and the destination register with the specified

complex number from the second source register:

» Considering the complex number from the second source register on an Argand diagram, the number is rotated counterclockwise by 0, 90,

180, or 270 degrees.
* The two elements of the transformed complex number are multiplied by:

o The real element of the complex number from the first source register, if the transformation was a rotation by 0 or 180 degrees.
o The imaginary element of the complex number from the first source register, if the transformation was a rotation by 90 or 270

degrees.

* The complex number resulting from that multiplication is added to the complex number from the destination register.
The multiplication and addition operations are performed as a fused multiply-add, without any intermediate rounding.
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
(ARMv8.3)
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
[11 111 1 1 0[S[D] rot | Vn | vd [1]o]oJo[N]Q[M]O] Vm |
64-bit SIMD vector of half-precision floating-point (S == 0 && Q == 0)
VCMLA{<g>}.F16 <Dd>, <Dn>, <Dm>[<index>], #<rotate>
64-bit SIMD vector of single-precision floating-point (S == 1 && Q == 0)
VCMLA{<g>}.F32 <Dd>, <Dn>, <Dm>[0], #<rotate>
128-bit SIMD vector of half-precision floating-point (S == 0 && Q == 1)
VCMLA{<g>}.F16 <Qd>, <Qn>, <Dm>[<index>], #<rotate>
128-bit SIMD vector of single-precision floating-point (S == 1 && Q == 1)
VCMLA{<g>}.F32 <Qd>, <Qn>, <Dm>[0], #<rotate>
if !HaveFCADDExt () then UNDEFINED;
if Q == '"1'" && (Vd<0> == '1' || Vn<0> == '1l') then UNDEFINED;
d = UInt(D:Vd); n = UInt (N:Vn);
m = if S=='1'" then UInt (M:Vm) else UInt (Vm);
esize = 16 << UInt(S):;
if !HaveFPl6Ext () && esize == 16 then UNDEFINED;
elements = 64 DIV esize;
regs = 1if Q == '0' then 1 else 2;
index = if S=='1l' then 0 else UInt (M)
™
(ARMv8.3)
%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
[11 111 1 1 0[S[D] rot | vn | vd [1]o]oJo[N]Q[M]O] Vm |
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64-bit SIMD vector of half-precision floating-point (S == 0 && Q == 0)
VCMLA{<g>}.F16 <Dd>, <Dn>, <Dm>[<index>], #<rotate>

64-bit SIMD vector of single-precision floating-point (S == 1 && Q == 0)
VCMLA{<g>}.F32 <Dd>, <Dn>, <Dm>[0], #<rotate>

128-bit SIMD vector of half-precision floating-point (S == 0 && Q == 1)
VCMLA{<g>}.F16 <Qd>, <Qn>, <Dm>[<index>], #<rotate>

128-bit SIMD vector of single-precision floating-point (S == 1 && Q == 1)

VCMLA{<g>}.F32 <Qd>, <Qn>, <Dm>[0], #<rotate>

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

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

d = UInt(D:Vd); n = UInt (N:Vn);
m = if S=='1' then UInt (M:Vm) else UInt (Vm);
esize = 16 << UInt(S);

if 'HaveFPl6Ext () && esize == 16 then UNDEFINED;
elements = 64 DIV esize;
regs = if Q == '0' then 1 else 2;

index = if S=='1' then 0 else UInt (M) ;

Assembler Symbols

<g> See Standard assembler syntax fields.
<Qd> Is the 128-bit name of the SIMD&FP destination register, encoded in the "D:Vd" field as <Qd>*2.
<Qn> Is the 128-bit name of the first SIMD&FP source register, encoded in the "N:Vn" field as <Qn>*2.
<Dd> Is the 64-bit name of the SIMD&FP destination register, encoded in the "D:Vd" field.
<Dn> Is the 64-bit name of the first SIMD&FP source register, encoded in the "N:Vn" field.
<Dm> For the half-precision scalar variant: is the 64-bit name of the second SIMD&FP source register, encoded in the "Vm" field.
For the single-precision scalar variant: is the 64-bit name of the second SIMD&FP source register, encoded in the "M:Vm"
field.
<index> Is the element index in the range 0 to 1, encoded in the "M" field.
<rotate> Is the rotation to be applied to elements in the second SIMD&FP source register, encoded in “rot”:
rot <rotate>
00 0
01 90
10 180
11 270

VCMLA (by element)
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Operation

EncodingSpecificOperations () ;
CheckAdvSIMDEnabled() ;

for r = 0 to
operandl
operand?2
operand3

for e =
case

resultl
result?
Elem[D[d+r],e*2,esize]

Elem[D[d+r],e*2+1,esize

0 to

regs-1

= D[n+r];
= DinB[m];
= D[d+r];

rot of

when '00'

elementl
element?2
element3
element4d

when '01°'

elementl
element?2
element3
element4d

when '10'

elementl
element?2
element3
element4d

when '11'

elementl
element?2
element3
element4d

(old)

(elements

DIV 2)-1

= Elem[operand2,index*2,esize];
= Elem

[
[operandl,e*2,esize];
Elem[operand2, index*2+1,esize];
Elem[operandl,e*2,esize];

= FPNeg (Elem[operand2, index*2+1,esize]);
= Elem[operandl,e*2+1,esize];

Elem[operand2, index*2,esize];
Elem[operandl,e*2+1,esize];

= FPNeg (Elem[operand2, index*2,esize]) ;
= Elem[operandl,e*2,esize];

FPNeg (Elem[operand2, index*2+1,esize]) ;
Elem[operandl,e*2,esize];

= Elem[operand2,index*2+1,esize];
= Elem[operandl,e*2+1,esize];

FPNeg (Elem[operand2, index*2,esize]) ;

= Elem[operandl,e*2+1,esize];

FPMulAdd (Elem[operand3,e*2,esize],element2,elementl,

FPMulAdd (Elem[operand3,e*2+1,esize],element4,element3, StandardFPSCRValue()) ;
]

resultl;
= result2;

StandardFPSCRValue () ) ;
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(old) htmldiff from- (new)

VFMAL (vector)

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
(ARMVS.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 O
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{<qgq>}.F16 <Dd>, <Sn>, <Sm>
128-bit SIMD vector (Q == 1)

VEMAL{<q>}.F16 <Qd>, <Dn>, <Dm>

if !HaveFPl6MulNoRoundingToFP32Ext () then UNDEFINED;
if Q == '1' && (Vd<0> == '1' ) then UNDEFINED;

integer d = —then Unallocatedbncodingt+

gateger &—=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=='1"' then 2 else 1;

integer datasize = if Q=='1l' then 64 else 32;

boolean sub op = S=='1";

T
(ARMVS.2)

15 14 13 12 11 10 9 8 7 6 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
[1 111 1 1 0][of[o]|D]
S

4
0] vn | vd [1]oJoJo[N]Q|M] 1] Vm |

5
1
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64-bit SIMD vector (Q == 0)

VEMAL{<q>}.F16 <Dd>, <Sn>, <Sm>

128-bit SIMD vector (Q == 1)

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

if InITBlock() then UNPREDICTABLE;

if !HaveFPl6MulNoRoundingToFP32Ext () then UNDEFINED;

if Q == '"1l' && (Vd<0> == 'l' ) then UNDEFINED;

integer d = —then UnallocatedEncodingt+

—_ 1 1 [ )

Eateger &=UInt (D:Vd);

integer n = if Q == '1' 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=='1l"' then 2 else 1;
integer datasize = if Q=='l' 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(dataSLZe) operand?2 ;
bits (6 operand3;
bits (6 result;
bits(e51ze 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 = Q[ m]<datasize-1:0>;
for r = 0 to regs-1
operand3 = D[d rl;
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, StandardFPSCRV

D[d+r] = result;
Internal version only: isa v00_87+¥80-83, pseudocode v85-xml-00bet8 rc3¥35:3 ; Build timestamp: 2018-09-13T142648-06-16F18:0043
Copyright © 2010-2018 ARM Limited or its affiliates. All rights reserved. This document is Non-Confidential.
(old) htmldiff from- (new)
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(old) htmldiff from-

VFMAL (by scalar)

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

(new)

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
/1111111 o0]o[D[o]0] Vn | vd [1]oJoJo[N]Q[M] 1] Vm |
S
64-bit SIMD vector (Q == 0)
VFMAL{<g>}.Fl16 <Dd>, <Sn>, <Sm>[<index>]
128-bit SIMD vector (Q == 1)
VFMAL{<g>}.F16 <Qd>, <Dn>, <Dm>[<index>]
if !HaveFPl6MulNoRoundingToFP32Ext () then UNDEFINED;
if Q == '1' && (VA<0> == '1' ) then UNDEFINED;
integer d = —then Unallocatedbncodingt+
gnteger—o—UInt (D:Vd) ;
integer n = if == ']1' then UInt (N:Vn) else UInt (Vn:N);
integer m = if Q == '1' then UInt(Vm<2:0>) else UInt (Vm<2:0>:M);
integer index = if Q == '1' then UInt (M:Vm<3>) else Ulnt (Vm<3>);
integer esize = 32;
integer regs = if Q=='1"' then 2 else 1;
integer datasize = if Q=='1l' then 64 else 32;
boolean sub op = S=='1";
T
(ARMvS.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 11111 1 0f[o[D[o]o0] vn | vd [1]oJoJo[N]Q|M] 1] Vm |
S

VFMAL (by scalar)
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64-bit SIMD vector (Q == 0)

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

128-bit SIMD vector (Q == 1)

VEMAL{<g>}.F1l6 <Qd>, <Dn>, <Dm>[<index>]

if InITBlock () then UNPREDICTABLE;
if !HaveFPl6MulNoRoundingToFP32Ext () then UNDEFINED;
if Q == '"1' && (Vd<0> == 'l' ) then UNDEFINED;

integer d = —then UnallocatedEncodingt+

—_ 1 1 [ )

Eateger &=UInt (D:Vd);

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

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

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

Assembler Symbols

<q> See Standard assembler syntax fields.

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

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

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

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

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

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

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

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

Operation

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

64
64
bits(esize DIV 2) elementl;
bits (esize DIV 2) element2;

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>;
element?2 = Elem[operand2, index, esize DIV 2];
for r = 0 to regs-1

operand3 = D[d+r];

for e = 0 to 1
elementl = Elem[operandl, 2*r+e, esize DIV 2];
if sub op then elementl = FPNeg(elementl);

Elem[result, e, esize] = FPMulAddH (Elem[operand3, e, esize], elementl,

D[d+r] = result;

VFMAL (by scalar)

element2,

StandardFPSCRV
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VFMSL (vector)

Vector Floating-point Multiply-Subtract Long from accumulator (vector). This instruction negates the values in the vector of one SIMD&FP
register, multiplies these with the corresponding values in another vector, 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
(ARMVS.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 O
171111 1 o0fo[1[D[1 0] Vn | vd [1]oJoJo[N]Q[M] 1] Vm |
S

64-bit SIMD vector (Q == 0)

VFMSL{<g>}.Fl6 <Dd>, <Sn>, <Sm>

128-bit SIMD vector (Q == 1)

VFMSL{<qg>}.F16 <Qd>, <Dn>, <Dm>

if !HaveFPl6MulNoRoundingToFP32Ext () then UNDEFINED;

if Q == '1' && (Vd<0> == '1' ) then UNDEFINED;
integer d = —then Unallocatedbncodingt+
1 | | —_— 1 1

Sf QO —— 131 co (Va<Qs 1' y then UNDEEINED:

gateger &—=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=='1"' then 2 else 1;

integer datasize = if Q=='1l' then 64 else 32;

boolean sub op = S=='1";

T
(ARMVS.2)

15 14 13 12 11 10

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

4
0] vn | vd [1]oJoJo[N]Q|M] 1] Vm |

6 5
D1
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64-bit SIMD vector (Q == 0)

VFMSL{<g>}.F16 <Dd>, <Sn>, <Sm>

128-bit SIMD vector (Q == 1)

VEMSL{<g>}.F16 <Qd>, <Dn>, <Dm>

if InITBlock() then UNPREDICTABLE;

if !HaveFPl6MulNoRoundingToFP32Ext () then UNDEFINED;

if Q == '"1l' && (Vd<0> == 'l' ) then UNDEFINED;

integer d = —then UnallocatedEncodingt+

—_ 1 1 [ )

Eateger &=UInt (D:Vd);

integer n = if Q == '1' 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=='1l"' then 2 else 1;
integer datasize = if Q=='l' 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(dataSLZe) operand?2 ;
bits (6 operand3;
bits (6 result;
bits(e51ze 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 = Q[ m]<datasize-1:0>;
for r = 0 to regs-1
operand3 = D[d rl;
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, StandardFPSCRV

D[d+r] = result;
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(new)

Vector Floating-point Multiply-Subtract Long from accumulator (by scalar). This instruction multiplies the negated vector elements in the first
source SIMD&FP register by the specified value in the second source SIMD&FP register, and accumulates the product to the corresponding

vector element of the destination SIMD&FP register. The instruction does not round the result of the multiply before the accumulation.

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

SIMD and floating-point support.

In ARMv8.2 and ARMV8.3, this is an OPTIONAL instruction. From ARMv8.4 it is mandatory for all implementations to support it.

ID ISAR6.FHM indicates whether this instruction is supported.

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

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
1711111 1 o0fo[D[o]1] Vn | vd [1]oJoJo[N]Q[M] 1] Vm |
S
64-bit SIMD vector (Q == 0)
VFMSL{<g>}.Fl16 <Dd>, <Sn>, <Sm>[<index>]
128-bit SIMD vector (Q == 1)
VFMSL{<g>}.F16 <Qd>, <Dn>, <Dm>[<index>]
if !HaveFPl6MulNoRoundingToFP32Ext () then UNDEFINED;
if Q == '1' && (VA<0> == '1' ) then UNDEFINED;
integer d = —then Unallocatedbncodingt+
gnteger—o—UInt (D:Vd) ;
integer n = if == ']1' then UInt (N:Vn) else UInt (Vn:N);
integer m = if Q == '1' then UInt(Vm<2:0>) else UInt (Vm<2:0>:M);
integer index = if Q == '1' then UInt (M:Vm<3>) else Ulnt (Vm<3>);
integer esize = 32;
integer regs = if Q=='1"' then 2 else 1;
integer datasize = if Q=='1l' then 64 else 32;
boolean sub op = S=='1";
T
(ARMvS.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 1 o0f[o[D[o]1] vn | vd [1]oJoJo[N]Q|M] 1] Vm |
S

VFMSL (by scalar)
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64-bit SIMD vector (Q == 0)

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

128-bit SIMD vector (Q == 1)

VEMSL{<g>}.Fl6 <Qd>, <Dn>, <Dm>[<index>]

if InITBlock () then UNPREDICTABLE;
if !HaveFPl6MulNoRoundingToFP32Ext () then UNDEFINED;
if Q == '"1' && (Vd<0> == 'l' ) then UNDEFINED;

integer d = —then UnallocatedEncodingt+

—_ 1 1 [ )

Eateger &=UInt (D:Vd);

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

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

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

Assembler Symbols

<q> See Standard assembler syntax fields.

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

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

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

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

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

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

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

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

Operation

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

64
64
bits(esize DIV 2) elementl;
bits (esize DIV 2) element2;

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>;
element?2 = Elem[operand2, index, esize DIV 2];
for r = 0 to regs-1

operand3 = D[d+r];

for e = 0 to 1
elementl = Elem[operandl, 2*r+e, esize DIV 2];
if sub op then elementl = FPNeg(elementl);

Elem[result, e, esize] = FPMulAddH (Elem[operand3, e, esize], elementl,

D[d+r] = result;

VFMSL (by scalar)

element2,

StandardFPSCRV
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Top-level encodings for A32

htmldiff from- (new)

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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Top-level encodings for A32

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

Decode fields
W ol op2

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

10 | UNALLOCATED

11 UNALLOCATED

01 | LDRHT

10 | LDRSBT

11 LDRSHT

01 STRH (register) — pre-indexed
10 LDRD (register) — pre-indexed
11 STRD (register) — pre-indexed
01 LDRH (register) — pre-indexed
10 LDRSB (register) — pre-indexed
11 LDRSH (register) — pre-indexed

Instruction Details

(=l Bl Bl el Haall Henll M@ H@) o) ol fol o)

=i Bl Bl Bl Bl el K= Kl Kol el ol ol ol ol ol ol ol ol L]
=l el el @) Nl Nl Nl Bl Nl Hol Fol Nol Bl el Bl Nl o)l Ne)

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 Load-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

Top-level encodings for A32

=111 |0 0 0 1

1] type [ L]

ol|lo

(D1 ex]ord] 1

cond

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

type Deiode ﬁ:’l‘ds 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

=111 | 00010 | op0 [ 0]
f));(c)ode ﬁ::;dls Instruction details

00 001 | UNALLOCATED

00 010 | UNALLOCATED

00 | 011 | UNALLOCATED

00 110 | UNALLOCATED

Page 71



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 1
[ =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
[ =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 1 10 9 8 7 6 5 4
| =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

Decode fields . .
ope M N 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

I= 1111

000 | opO | lop1|

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

Decode fields
opl

op0

Instruction details

Ox

Integer Data Processing (three register, immediate shift)

10

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

| =111

1

[0 0 0 O]

opc |S] Rn | Rd

imm5

| type [ 0]

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 | O | '= 1101 | SUB,SUBS (register) — SUB
010 | O 1101 SUB, SUBS (SP minus register) — SUB
010 | 1 | !'= 1101 | SUB, SUBS (register) — SUBS
010 | 1 1101 SUB, SUBS (SP minus register) — SUBS
011 RSB, RSBS (register)
100 | O | '= 1101 | ADD,ADDS (register) — ADD
100 | O 1101 ADD, ADDS (SP plus register) — ADD
100 1 '= 1101 ADD, ADDS (register) — ADDS
100 1 1101 ADD, ADDS (SP plus register) — ADDS
101 ADC, ADCS (register)
110 SBC, SBCS (register)
111 RSC, RSCS (register)

Integer Test and Compare (two register, immediate shift)

These instructions are under Data-processing register (immediate shift).
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| =111 |0 0 0 1 0] opc [1] Rn 1(0)[(0)[(0)](0)] imm5 | type [ 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
[ =111 |0 0 0 1 1| opc |[S] Rn | Rd | imm5 | type | O | Rm |
cond
The following constraints also apply to this encoding: cond != 1111 && cond != 1111
Decode fields Instruction Details
opc
00 ORR, ORRS (register)
01 MOV, MOVS (register)
10 BIC, BICS (register)
11 MVN, MVNS (register)
Data-processing register (register shift)
These instructions are under Data-processing and miscellaneous instructions.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 3 2 1 0
[ =111 | 000 [ op0 | lop1| [0] [ 1]
The following constraints also apply to this encoding: op0O:op1 != 100
Decode fields Instruction details
op0 opl
0x Integer Data Processing (three register, register shift)
10 1 Integer Test and Compare (two register, register shift)
11 Logical Arithmetic (three register, register shift)
Integer Data Processing (three register, register shift)
These instructions are under Data-processing register (register shift).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| =111 |0 0 0 0| opc [S] Rn | Rd | Rs | 0] type | 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 0o 0 0 1 0] opc [1] Rn 1(0)[(0)[(0)](0)] Rs [0] type | 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 O
| =111 |0 0 0 1 1] opc [S] Rn | Rd | Rs | 0] type [ 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 O
[ =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.

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.

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
010 | 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 | © 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
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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 | WFE -
00000 xxxx00000011 | wrl -
00000 xxxx00000100 | SEV -
00000 xxxx00000101 | SEVL -
00000 xxxx0000011x | Reserved hint, behaves as NOP | -
00000 xxxx00001xxx | Reserved hint, behaves as NOP | -
00000 xxxx00010000 | ESB ARMYVS.2
00000 xxxx00010001 | Reserved hint, behaves as NOP | -
00000 xxxx00010010 | TSBCSYNC ARMvS .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 8 7 6 &5 4 3 2 1 O
| =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 8 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 O
| =111 o 1 1[P|U[o2|W]o1] Rn | Rt | imm5 | type | O | Rm |
cond

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

Decode fields

02

W

Instruction Details

ol

|
| 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 O 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
=111 | o011 | op0 |
Ig;(c)ode ﬁel(;;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

=111

[0 1

0 0| op1

Rn | Rd

O[O B[ op2 [1]

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 1 10 9 8 7 6 5 4 3 2 1 0
| =111 Jo 1 1 0 1[U[1 0] satimm | Rd [DOIDOIDIM]o 0 1 1] Rn |
cond
The following constraints also apply to this encoding: cond != 1111 && cond != 1111
DeCOdE fields Instruction Details
0 SSAT16
1 USAT16
Reverse Bit/Byte
These instructions are under Media instructions.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
[ =111 Jo 1 1 0 1]o1[1 1O Rd [OIMOID[D[e2][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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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 Jo 1 1 0 1[U[1] satimm | Rd | imm5 Ish|o 1] Rn |
cond
The following constraints also apply to this encoding: cond != 1111 && cond != 1111
DeCOdE 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 10 9 8 7 6 5 4 3 2 1 0
[ =111 Jo 1 1 0 1]U| op | Rn | Rd [rotate [(0)[(0)] O 1 1 1] Rm |
cond
The following constraints also apply to this encoding: cond != 1111 && cond != 1111
Decode fields Instruction Details
U op Rn
0 | 00| != 1111 | SXTABI6
0| 00 1111 SXTB16
O 10| !'= 1111 | SXTaB
0|10 1111 SXTB
O |11 ] !'= 1111 | SXTAH
01|11 1111 SXTH
1 00| !'= 1111 | UXTABI6
1 {00 1111 UXTBI16
1 (10| !'= 1111 | UXTAB
1110 1111 UXTB
1 111 !'= 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 10 9 8 7 6 &5 4 3 2 1 O
| =111 _Jo 1 1 1 0] optl | Rd | Ra | Rm op2  [1] Rn |
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
| =111 Jo 1. 1 1 1 1 1 1] imm12 [ 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

| !I=1111 Jo 1 1 1 1[U[1] widthm1 | Rd | Isb

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 11 10 9 8 7

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

111110 0o[P[U[S[W][L] Rn | op
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P De;ode 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
0 1 0 1 RFE, RFEDA, RFEDB, RFEIA, RFEIB — Increment A fter
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 | O 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 1 10 9 8 7 6 5 4 3 2 1 O

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 O

| 10 [ op0 | I
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 O

cond [1 1 0 0 o|[D|O]L] Rt2 | Rt [1 1 1lp15 opc1 | CRm |
co?;“’de ﬁel;i)s 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

D fiel
ecode fields Instruction Details

cond P:U:W D L Rn CRd cpls
= 1111 | !'= 000 | O = 0101 0 UNALLOCATED
I'= 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 O

cond | 1110 | op0 | op'1 | | 10 | op2 | fop3] |O]
cond op ;) ecode fiel(()l; 1 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 0
(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

IZECOde 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.

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
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 1
[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 ARMvS.2
10 1 VINS ARMvS.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
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 | 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 | 01x | 01 UNALLOCATED -

0 010 0 VCVTB — half-precision to double-precision -

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 ]1001 | 01 UNALLOCATED -

1 |1001 | 10 UNALLOCATED -

1 001 11 0 UNALLOCATED -

1 001 11 1 VICVT ARMvVS.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.
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 1|[D[1 1] imm4H | vd [1 0] size [O[0]©)]0] imm4L |
cond

The following constraints also apply to this encoding: cond != 1111 && cond != 1111
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Deco;ii;:'lelds Instruction Details Architecture Version
00 UNALLOCATED -
01 VMOV (immediate) — half-precision scalar ARMVS.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 | vNMUL

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 0
cond [1 1 1 0] opc1 [L] CRn | Rt [1 1 1cp19 opc2 [1] CRm |

Decode fields
cond L

= 11111 0 MCR
= 1111 | 1 MRC
1111 UNALLOCATED

Instruction Details

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 3 2 1
[11 11 1 1 0] op1 [D] op2 | Vn | vd | 1]op3 0 Jop4 N[Q[M][U] Vm |
Decode fields . . . .
opl op2 op3 op4 Q U Instruction Details Architecture Version
x1 0Ox 0 0 0 VCADD ARMVS.3
00 10 0 0 1 VEMAL (vector) ARMVS.2
00 10 1 1 0 0 VSDOT (vector) — 64-bit SIMD vector ARMvS.2
00 10 1 1 0 1 VUDOT (vector) — 64-bit SIMD vector | ARMvS.2
00 10 1 1 1 0 VSDOT (vector) — 128-bit SIMD vector | ARMvS.2
00 10 1 1 1 1 VUDOT (vector) — 128-bit SIMD vector | ARMvS.2
01 10 0 0 1 VEMSL (vector) ARMVS.2
1x 0 0 0 VCMLA ARMvS.3
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
[11 11 1 1 1 0Jopl D] op2 | Vn | vd [ 1 lop3 0 Jop N[Q[M]U] Vm |
Decode fields . . . .
opl op2 op3 op4 Q U Instruction Details Architecture Version
0 0 0 0 VCMLA (by element) — half-precision scalar ARMvVS.3
0 00 0 0 1 VEMAL (by scalar) ARMVS.2
0 01 0 0 1 VEMSL (by scalar) ARMVS.2
0 10 1 1 0 0 VSDOT (by element) — 64-bit SIMD vector ARMvVS.2
0 10 1 1 0 1 VUDOT (by element) — 64-bit SIMD vector ARMvVS.2
0 10 1 1 1 0 VSDOT (by element) — 128-bit SIMD vector ARMvVS.2
0 10 1 1 1 1 VUDOT (by element) — 128-bit SIMD vector ARMVS.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
| =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

Page 92



Top-level encodings for A32

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 Dec;;;l: 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

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 1 10 9 8 7 6 5 4 3 2 1 0
| =111 |1 1 o[P[U|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 Decog:l fields size imm8 Instruction Details

0 0 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 XXXXXXX1 FSTMDBX, FSTMIAX — Increment After

0] 1 1 10 VLDM, VLDMDB, VLDMIA

0 1 1 11 | xxxxxxx0 | VLDM, VLDMDB, VLDMIA

0 1 1 11 | xxxxxxx1 | 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 XXXXXXX]1 FSTMDBX, FSTMIAX — Decrement Before
1 0 1 1 10 VLDM, VLDMDB, VLDMIA

1 0 1 1 11 | xxxxxxx0 | VLDM, VLDMDB, VLDMIA
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P U W L Decog;:l fields size imm8 Instruction Details

1 0 1 1 11 | xxxxxxx1 | 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 O
| =111 | 1110 [ op0 | | 101 Jop1] | 11111 |

Decode fields
op0 opl
000 0 VMOV (between general-purpose register and single-precision)

Instruction details

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
L =111 [1 1 101 1 1]L] reg | Rt 11 0 1 0[@[@®O]1][0)]©)©)]©)
cond

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

Decodz fields Instruction Details
0 VMSR
1 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)eCOdE field(s)pcz Instruction Details

Oxx 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.
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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 6 5
| 11110 | op0 | lop1]
Izs(c)ode ﬁzi;ils 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 6 5
1111000 op0 | op1
0?)?:"“ ﬁelg; 1 Instruction details Architecture version
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 | -
10011 | 0111 [ UNALLOCATED -
1001x | xx0x | UNALLOCATED -
100xx | 0011 | UNALLOCATED -
100xx | 0x10 | UNALLOCATED -
100xx | 1x1x | UNALLOCATED -
101xx UNALLOCATED -
11xxx UNALLOCATED -

The behavior of the CONSTRAINED UNPREDICTABLE encodings in this table is described in CONSTRAINED UNPREDICTABLE behavior

for A32 and

132 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

6

5 4

[1 111000100 00||mod|M|op|0)|(0|(0)|0)|(0|(0)|E|A||||:|0| |
imod I;/t[‘,code;';)elds mode Instruction Details
1 Oxxxx | SETEND
0 CPS, CPSID, CPSIE

1 I1xxxx | UNALLOCATED
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Advanced SIMD data-processing

These instructions are under Unconditional instructions.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

1111001 [ lop0] lop1|
lz;:)ode ﬁzi)dls 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.

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 | opc  [N[Q[M]o1] Vm |
U size Deco?)e;)tcields 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) — A2 -
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 |1 1100 0 SHAIC -
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| Ix | 1100 1 VFMS -
0 1x | 1101 0 VSUB (floating-point) -
0 1x | 1101 1 VMLS (floating-point) -
0| 1x | 1110 0 UNALLOCATED -
0 1x 1111 0 VMIN (floating-point) -
0 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 -
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U size Decotle;fc'lelds Q ol Instruction Details Architecture Version
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 Ox 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) — A2
1 Ix | 1110 1 VACGT
1 1x 1111 0 0 VPMIN (floating-point)
1 1x | 1111 1 VMINNM
1 1000 0 VSUB (integer)
1 10 | 0001 1 VBIT
1 1000 1 VCEQ (register) — Al
1 1001 0 VMLS (integer)
1 1011 0 VQRDMULH
1| 10 | 1100 0 SHA256SU1
1 1011 1 VQRDMLAH ARMvVS.1
1 11 | 0001 1 VBIF
1 1100 1 VQRDMLSH ARMvS.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 6 5 4
1111001 opol 1| [ op1 | | op2 | p3l [o0]
Decode fields Instruction details
op0 opl op2 op3

Page 97



Top-level encodings for A32

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 Advanced SIMD three registers of different lengths
! 11 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 6 5 4
[11 11 0 0 1 1D 1 1] size [ opct | vd [0] opc2 JQ|m]o] |

size (l);ecclo de ﬁe;izz 0 Instruction Details
00 0000 VREV64
00 0001 VREV32
00 0010 VREV16
00 0011 UNALLOCATED
00 010x VPADDL
00 0110 | O AESE
00 0110 | 1 AESD
00 0111 | O AESMC
00 0111 | 1 AESIMC
00 1000 VCLS

00 10 0000 VSWP
00 1001 VCLZ
00 1010 VCNT
00 1011 VMVN (register)
00 110x VPADAL
00 1110 VQABS
00 1111 VQNEG
01 | x000 VCGT (immediate #0)
01 x001 VCGE (immediate #0)
01 x010 VCEQ (immediate #0)
01 x011 VCLE (immediate #0)
01 x100 VCLT (immediate #0)
01 x110 VABS
01 x111 VNEG
01 0101 | 1 SHAIH
10 0001 VTRN
10 0010 VvUZP
10 0011 VZIP
10 0100 | O VMOVN
10 0100 | 1 VQMOVN, VQMOVUN — VQMOVUN
10 0101 VQMOVN, VQMOVUN — VQMOVN
10 0110 | O VSHLL
10 0111 | O SHA1SU1
10 0111 | 1 SHA256SU0
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size ;;ecclo de ﬁesﬁzz Q Instruction Details
10 1000 VRINTN (Advanced SIMD)
10 1001 VRINTX (Advanced SIMD)
10 1010 VRINTA (Advanced SIMD)
10 1011 VRINTZ (Advanced SIMD)

10 1100 0 VCVT (between half-precision and single-precision, Advanced SIMD) — single-precision to half-precision

10 1100 1 UNALLOCATED

10 | 1101 VRINTM (Advanced SIMD)

10 1110 | O VCVT (between half-precision and single-precision, Advanced SIMD) — half-precision to single-precision

10 1110 1 UNALLOCATED

10 1111 VRINTP (Advanced SIMD)

11 000x VCVTA (Advanced SIMD)

11 001x VCVTN (Advanced SIMD)

11 010x VCVTP (Advanced SIMD)

11 011x VCVTM (Advanced SIMD)

11 10x0 VRECPE

11 10x1 VRSQRTE

11 11xx VCVT (between floating-point and integer, Advanced SIMD)

Advanced SIMD duplicate (scalar)

These instructions are under Advanced SIMD two registers, or three registers of different lengths.

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

0 | 0110 | VSUBHN

0 1001 | VQDMLAL

Instruction Details
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gecode i(':;:’lcds Instruction Details
0101 | VABAL
0 1011 | VQDMLSL
0O | 1101 | VvOQDMULL
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

Top-level encodings for A32

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 5 4
1111 0 0 1[Q[1]|[D]|!=11] Vn | vd opc [N[1[{™M]o0] |
Size
The following constraints also apply to this encoding: size != 11 && size != 11
l())ecode 2:2“ Instruction Details Architecture Version
000x | VMLA (by scalar) -
0 0011 | VQDMLAL -
0010 | VMLAL (by scalar) | -
0 0111 | VQDMLSL -
010x | VMLS (by scalar) -
0O | 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 ARMVS. 1
1111 | VQRDMLSH ARMVvS.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 4
1111001 | [1] | op0 [ 1]

Page 100
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Decode fields Instruction details
op0
000xxxxxxxxxxx0 Advanced SIMD one register and modified immediate

= 000xxxxxxxxxxxX0 | 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
[11 11 0 0 1]i[1][D]0 0 0] imm3 | vd | cmode [o0]Qfop|1] imm4 |
i)rr‘:f)(()iie ﬁelod:) Instruction Details
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
10x0 1 VMVN (immediate) — A2
10x1 0 VORR (immediate) — A2
10x1 1 VBIC (immediate) — A2
11xx 0 VMOV (immediate) — A4
110x 1 VMVN (immediate) — A3
1110 1 VMOV (immediate) — A5
1111 1 UNALLOCATED
Advanced SIMD two registers and shift amount
These instructions are under Advanced SIMD shifts and immediate generation.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 &5 4 3 2 1 O
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::;(f ope Q Instruction Details
= 0000 0000 VSHR
= 0000 0001 VSRA
= 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
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U imm3H:LDeCOdi‘:nil‘i:::l;is ope Q Instruction Details

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 1 10 9 8 7 6 5 4 3 2 1 O

| 111101 | op0 1] lop1]|
I());coode ﬁelg; 1 Instruction details
00xx1 CONSTRAINED UNPREDICTABLE
01001 CONSTRAINED UNPREDICTABLE
01011 Barriers
011x1 CONSTRAINED UNPREDICTABLE
O0xxx0 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
[1 11101010 1 1 1]OOIOIOIOIOIOIDIO]O)] 0>I<o| opcode | option |
Opi)oedc:de ﬁzlpdtion Instruction Details
0000 CONSTRAINED UNPREDICTABLE
0001 CLREX
001x CONSTRAINED UNPREDICTABLE
0100 DSB

0100 | 0000 | ssBB
0100 | 0100 | PSSBB

0101 DMB

0110 ISB

0111 CONSTRAINED UNPREDICTABLESB
1xxx CONSTRAINED UNPREDICTABLE

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

[1 11101 0[D[U[R[O 1] Rn [N

imm12

Decode fields
R Rn

0 Reserved hint, behaves as NOP

1 PLI (immediate, literal)

1111 PLD (literal)

0 ! 1111 PLD, PLDW (immediate) — preload write
1 != 1111 | PLD,PLDW (immediate) — preload read

Instruction Details

Rl—lr|lolole

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

2

0

1111 0 1 1[D[U[o2[0 1] Rn I imm5

| type [ 0]

Rm

Decode fields

D 02 Instruction Details

Reserved hint, behaves as NOP

PLI (register)

PLD, PLDW (register) — preload write
PLD, PLDW (register) — preload read

=l Bl Nl ]

RO O

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

11110100 fop0) [0] | opt |

Decode fields

Instruction details
op0 opl

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

[1 11101 00 o|[D[L|[O] Rn | vd |  type

| size | align |

Decode fields
type
000x | WVST4 (multiple 4-element structures)

L Instruction Details

0

0 0010 VST1 (multiple single elements) — A4
0

0

0

0011 VST2 (multiple 2-element structures) — A2
010x | VST3 (multiple 3-element structures)
0110 [ VSTI (multiple single elements) — A3
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Eecode g:::gs Instruction Details

O [ 0111 | VSTI (multiple single elements) — Al

0 100x | VST2 (multiple 2-element structures) — Al

0 1010 VSTI1 (multiple single elements) — A2

1 000x VLD4 (multiple 4-element structures)

1 0010 VLD1 (multiple single elements) — A4

1 0011 VLD2 (multiple 2-element structures) — A2

1 010x | VLD3 (multiple 3-element structures)
1011 | UNALLOCATED

1 [ 0110 | VLDI (multiple single elements) — A3

1 0111 | VLDI (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.

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

1111010 0 1[D[L[O] Rn | size |T|a]| |
114) ecod; ﬁeldsa Instruction Details
0 UNALLOCATED
1100 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
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

(1 1 1 1

0

0 0 1|/D[L]|O] Rn

| index_align |

The following constraints also apply to this encoding: size != 11 && size != 11

L Decos(ii:eﬁeldsN Instruction Details

0 00 00 VSTI1 (single element from one lane) — Al

0 00 01 VST2 (single 2-element structure from one lane) — A1l
0 00 | 10 | VST3 (single 3-element structure from one lane) — Al
0 00 | 11 | VST4 (single 4-element structure from one lane) — Al
0 01 | 00 | VSTI (single element from one lane) — A2

0 01 | 01 | VST2 (single 2-element structure from one lane) — A2
0 01 | 10 | VST3 (single 3-element structure from one lane) — A2
0 01 11 VST4 (single 4-element structure from one lane) — A2
0 10 00 VSTI (single element from one lane) — A3
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L DecostiizeeﬂeldsN Instruction Details

0 10 | 01 | VST2 (single 2-element structure from one lane) — A3
0 10 | 10 | VST3 (single 3-element structure from one lane) — A3
0 10 | 11 | VST4 (single 4-element structure from one lane) — A3
1 00 00 VLDI1 (single element to one lane) — Al

1 00 01 VLD?2 (single 2-element structure to one lane) — Al

1 00 | 10 | VLD3 (single 3-element structure to one lane) — Al

1 00 | 11 | VLD4 (single 4-element structure to one lane) — Al

1 01 | 00 | VLDI (single element to one lane) — A2

1 01 | 01 | VLD2 (single 2-element structure to one lane) — A2

1 01 | 10 | VLD3 (single 3-element structure to one lane) — A2

1 01 | 11 | VLD4 (single 4-element structure to one lane) — A2

1 10 00 VLDI1 (single element to one lane) — A3

1 10 | 01 | VLD2 (single 2-element structure to one lane) — A3

1 10 | 10 | VLD3 (single 3-element structure to one lane) — A3

1 10 | 11 | VLD4 (single 4-element structure to one lane) — A3
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Top-level encodings for T32

(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)
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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 ARMVS.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 WFI
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—TIL

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> != 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 1 10 9 8 7 6 5 4 3 2 1 0 15 14 1312 11 10 9 8 7 6 5 4 3 2 1 0

111 lop0| 11 | op1 | | _op2 | lop3
op0 lg;iode ﬁ:ll)(;s op3 Instruction details
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 Advanced SIMD data-processing
0 (0D:4 10x Advanced SIMD load/store and 64-bit move
0 10 10x 1 Advanced SIMD and floating-point 32-bit move
1 (0D:4 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.

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

[ 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 1413 12 1 10 9 8 7 6 5 4 3 2 1 O
1 1 1]00[1 1 0 0 0O[D[O]L] Rt2 | Rt [1 1 1p15 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

Top-level encodings for T32

These instructions are under System register load/store and 64-bit move.

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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%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 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;itsceif)::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 [ 01x | O1 UNALLOCATED -
0 010 0 VCVTB — half-precision to double-precision -
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 — Tl -
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 (001 ] 01 UNALLOCATED -
1 ]1001 | 10 UNALLOCATED -
1 (001 ] 11 0 UNALLOCATED -
1 001 11 1 VICVT ARMVS.3
1 01x 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 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[1 1101110 1[D[1 1] immdH | vd [1 0] size [O[0]@0] imm4L |
Deco;iitzeeﬁelds Instruction Details Architecture Version
00 UNALLOCATED -
01 VMOV (immediate) — half-precision scalar ARMVS.2
10 VMOV (immediate) — single-precision scalar | -
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Decode fields
size
11 VMOV (immediate) — double-precision scalar | -

Instruction Details Architecture Version

Floating-point data-processing (three registers)

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
1110 1 1 1 0[o0]D]| o1 | Vn | Vd [1 0] size [N[o2[M] 0] Vm |

The following constraints also apply to this encoding: 00:D:ol != 1x11

oo:oliecode f;f;(:s 02 Instruction Details
!= 111 | 0O 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 | vbiv

101 0 VENMS

101 1 VENMA

110 0 VFMA

110 1 VFMS

Floating-point conditional select

These instructions are under Floating-point data-processing.

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
111111 10 0|[D| cc | Vn | Vd [1 of[!=00[N[O[M][O] Vm |
size

The following constraints also apply to this encoding: size != 00 && size != 00

Izicode ﬁs?z(is 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 ARMvS.2

10 1 VINS ARMvVS.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 -

Page 118



Top-level encodings for T32

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 Ox 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 0 0 VPMIN (floating-point)
1 1x | 1111 1 VMINNM
1 1000 0 VSUB (integer)
1 10 | 0001 1 VBIT
1 1000 1 VCEQ (register) — T1
1 1001 0 VMLS (integer)
1 1011 0 VQRDMULH
1| 10 | 1100 0 SHA256SU1
1 1011 1 VQRDMLAH ARMvVS.1
1 11 | 0001 1 VBIF
1 1100 1 VQRDMLSH ARMvS.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 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8

[ 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 6 5 4
[11 111 1 1 1 1][D[1 1] size [opct] vd [0] opc2 JQ|m]o] |

size (l);ecclo de ﬁe;izz 0 Instruction Details
00 0000 VREV64
00 0001 VREV32
00 0010 VREV16
00 0011 UNALLOCATED
00 010x VPADDL
00 0110 | O AESE
00 0110 | 1 AESD
00 0111 | O AESMC
00 0111 | 1 AESIMC
00 1000 VCLS

00 10 | 0000 VSWP
00 1001 VCLZ
00 1010 VCNT
00 1011 VMVN (register)
00 110x VPADAL
00 1110 VQABS
00 1111 VQNEG
01 | x000 VCGT (immediate #0)
01 | x001 VCGE (immediate #0)
01 x010 VCEQ (immediate #0)
01 x011 VCLE (immediate #0)
01 x100 VCLT (immediate #0)
01 x110 VABS
01 x111 VNEG
01 0101 | 1 SHAIH
10 0001 VTRN
10 | 0010 vUZP
10 0011 VZIP
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Decode fields

size opcl opc2 Q Instruction Details

10 0100 0 VMOVN

10 0100 | 1 VQMOVN, VQMOVUN — VQMOVUN

10 0101 VQMOVN, VQMOVUN — VQMOVN

10 0110 0 VSHLL

10 | 0111 | O SHA1SU1

10 0111 1 SHA256SUO

10 1000 VRINTN (Advanced SIMD)
10 1001 VRINTX (Advanced SIMD)
10 1010 VRINTA (Advanced SIMD)
10 1011 VRINTZ (Advanced SIMD)

10 1100 | O VCVT (between half-precision and single-precision, Advanced SIMD) — single-precision to half-precision

10 1100 1 UNALLOCATED

10 1101 VRINTM (Advanced SIMD)

10 1110 | O VCVT (between half-precision and single-precision, Advanced SIMD) — half-precision to single-precision

10 1110 1 UNALLOCATED

10 1111 VRINTP (Advanced SIMD)

11 000x VCVTA (Advanced SIMD)

11 001x VCVTN (Advanced SIMD)

11 010x VCVTP (Advanced SIMD)

11 011x VCVTM (Advanced SIMD)

11 10x0 VRECPE

11 10x1 VRSQRTE

11 11lxx 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
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.

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

(1 1 1]U]1 1 1 1 1|[D[!=11] Vn | vd | opc [N{O[M][O] Vm

size
The following constraints also apply to this encoding: size != 11 && size != 11
Decode fields

U opc
| | 0000 | vabpL

Instruction Details
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gecode i(':;:’lcds Instruction Details
0001 | vADDW
0010 | VSUBL
0 | 0100 | VADDHN
0011 | VSUBW
0 0110 | VSUBHN
0 1001 | VQDMLAL
0101 | VABAL
0O | 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

15

These instructions are under Advanced SIMD two registers, or three registers of different lengths.

14 13 12 11

Top-level encodings for T32

1 0 15 14 13 12 11

1 1]Ql1

10 9 8 7 6 5 4 3
11 1 1][D[1=11]

Vn | vd

size

The following constraints also apply to this encoding: size != 11 && size != 11

l())ecode i(‘:;l;ls Instruction Details Architecture Version
000x VMLA (by scalar) -
0 0011 | VQDMLAL -
0010 | VMLAL (by scalar) | -
0 0111 | VQDMLSL -
010x | VMLS (by scalar) -
0 1011 | VQDMULL -
0110 | VMLSL (by scalar) | -
100x VMUL (by scalar) -
1 | 0011 | UNALLOCATED -
1010 VMULL (by scalar) | -
1 | 0111 | UNALLOCATED -
1100 | VQDMULH -
1101 | VQRDMULH -
1 | 1011 | UNALLOCATED -
1110 | VQRDMLAH ARMVS.1
1111 | VQRDMLSH ARMVS.1
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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 0
[ 111 | ] 11111 [ ] 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.
%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
11 1]i]J]1 11 1 1[D[0 0 0] imm3 | vd | cmode |0]|Qfop[1] imm4 |
Decode fields Instruction Details
cmode op
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 0 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.
%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 1Ju]1 1 1 1 1[DJ] 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:§;(is ope Instruction Details
!'= 0000 0000 VSHR
'= 0000 0001 VSRA
'= 0000 000 1010 VMOVL
!'= 0000 0010 VRSHR
= 0000 0011 VRSRA
!'= 0000 0111 VQSHL, VQSHLU (immediate) — VQSHL
= 0000 1001 VQSHRN, VQSHRUN — VQSHRN
= 0000 1001 VQRSHRN, VQRSHRUN — VQRSHRN
!'= 0000 1010 VSHLL
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U imm3H:LDeCOdi‘:nil‘i:::l;is ope Q Instruction Details
!'= 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 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

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.

%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
1110 1 1 0 0 0|D]|0|op] Rt2 | Rt [1 0] size | opc2 [ M [03] Vm |
Decode 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

Advanced SIMD and floating-point load/store

These instructions are under Advanced SIMD load/store and 64-bit move.

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
1110 1 1 o[P[U[D[W][L] Rn | vd |1 0] size | imm8

The following constraints also apply to this encoding: P:U:D:W != 00x0
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P U W L Decog;:l fields size imm8 Instruction Details

0 0 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 XXXXXXX1 FSTMDBX, FSTMIAX — Increment After

0 1 1 10 VLDM, VLDMDB, VLDMIA

0 1 1 11 | xxxxxxx0 | VLDM, VLDMDB, VLDMIA

0 1 1 11 | xxxxxxx1 | FLDM*X (FLDMDBX, FLDMIAX) — Increment After
1 0 0 VSTR

1 0 00 UNALLOCATED

1 0 1 |!'= 1111 VLDR (immediate)

1 0 1 0x UNALLOCATED

1 0 1 0 10 VSTM, VSTMDB, VSTMIA

1 0 1 0 11 | xxxxxxx0 | VSTM, VSTMDB, VSTMIA

1 0 1 0 11 XXXXxXxX1 FSTMDBX, FSTMIAX — Decrement Before
1 0 1 1 10 VLDM, VLDMDB, VLDMIA

1 0 1 1 11 | xxxxxxx(0 | VLDM, VLDMDB, VLDMIA

1 0 1 1 11 | xxxxxxx1l | 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.

15 14 13 12 1 10 9 8 7 6 5 4 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
11101110 | op0 | | 101 Jop1] | 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.
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 4 3 2 1 0
[1 110111011 1]L] reg | Rt [1 0 1 0[@[O[O)]1]0[0)]0)]0)]
DeCOd]i fields Instruction Details
0 VMSR
1 VMRS

Advanced SIMD 8/16/32-bit element move/duplicate

These instructions are under Advanced SIMD and floating-point 32-bit move.
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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
1110 1 1 1 0] opct |[L] Vn | Rt [1 0 1 1|N|opc2|1|(0)|0)|(0|(0)|
Opci)ecodf field;pcz Instruction Details
Oxx | O VMOV (general-purpose register to scalar)
1 VMOV (scalar to general-purpose register)
1xx | O Ox VDUP (general-purpose register)
1xx | O 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 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 1 0] op1 [D] op2 | Vn | Vd | 1 jop3[ 0 op4/ N[Q[M]|U| Vm |
opl op2 Desg;le ﬁel:)l; 4 Q U Instruction Details Architecture Version
x1 Ox 0 0 0 VCADD ARMVS.3
00 10 0 0 1 VEMAL (vector) ARMvVS 2
00 10 1 1 0 0 VSDOT (vector) — 64-bit SIMD vector ARMvS.2
00 10 1 1 0 1 VUDOT (vector) — 64-bit SIMD vector ARMvVS.2
00 10 1 1 1 0 VSDOT (vector) — 128-bit SIMD vector | ARMvS.2
00 10 1 1 1 1 VUDOT (vector) — 128-bit SIMD vector | ARMvS.2
01 10 0 0 1 | VEMSL (vector) ARMVS.2
1x 0 0 0 VCMLA ARMVvS.3

Advanced SIMD two registers and a scalar extension

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

15 14 13 12 11 10 9 8 7 6 65 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 1 1 0Jop1 D] op2 | Vn | vd | 1 Jop3| 0 op4 N[Q[M]|U] Vm |
opl op2 Desg;le ﬁel:; 4 Q U Instruction Details Architecture Version
0 0 0 0 VCMLA (by element) — half-precision scalar ARMVS.3
0 00 0 0 1 VEMAL (by scalar) ARMVS.2
0 01 0 0 1 VEMSL (by scalar) ARMvVS.2
0 10 1 1 0 0 VSDOT (by element) — 64-bit SIMD vector ARMvVS.2
0 10 1 1 0 1 VUDOT (by element) — 64-bit SIMD vector ARMvVS.2
0 10 1 1 1 0 VSDOT (by element) — 128-bit SIMD vector ARMVS.2
0 10 1 1 1 1 VUDOT (by element) — 128-bit SIMD vector ARMVvS.2
1 0 0 0 VCMLA (by element) — single-precision scalar | ARMvS.3

Load/store multiple

These instructions are under 32-bit.

15141312 1110 9 8 7 6 5 4 3 2 1 015141312110 9 8 7 6 5 4 3 2 1 0

111 0 1 0 0f opc |O|W|[L] Rn [P [M] register_list |
54131211109 87 65 482 % 05413211098 87654832108
|2 2 2 0 % 0 0 opes [0 |W|E] Rn | B[ M [©)] registertist |
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I:)e;c;)de ﬂel:s 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, STMED

10 1 LDMDB, LDMEA

11 0 SRS, SRSDA, SRSDB, SRSIA, SRSIB — T2
11 1 RFE, RFEDA, RFEDB, RFEIA, RFEIB — T2

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 ]z;i()de 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

Ox11 = 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 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1110 1 000 0 1 0fL| Rn | Rt | Rd | imm8
Decodﬁ 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 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
171101000 11 0fL] Rn | Rt | Rt2 [0 1] sz | Rd |
Decode fields Instruction Details
L SZ
| 0 | 00 | strexs |
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lecode ﬁesl;is Instruction Details
0 01 | STREXH
0 | 10 | uNALLOCATED
0 11 | STREXD
1 | 00 | LDREXB
1 | 01 | LprExH
1 | 10 | UNALLOCATED
7 11 | LDREXD

Load-acquire / Store-release

Top-level encodings for T32

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 | 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 6 5 4 3 2 1 0 1514 1312 11 10 9 8 7 6 5 4 3 2 1 0
1110 1 0 0 o[u[1 1[L[ =111 | Rt | Rt2 | imm8

Rn

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

Dewdli fields Instruction Details
0 STRD (immediate)
1 LDRD (immediate)
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Load/store dual (immediate)

These instructions are under Load/store dual, load/store exclusive, load-acquire/store-release, and table branch.

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

10 9 8 7 6 5 4
(1110 1 0 0 1[u[1 ofL] =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)

Load/store dual (immediate, pre-indexed)

These instructions are under Load/store dual, load/store exclusive, load-acquire/store-release, and table branch.

15 14 13 12 11 10

9 8 7 6 5§ 4 3 2 1 0 15 14 1312 11 10 9 8 7 6 5 4 3 2 1
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

Decodﬁ fields Instruction Details
0 STRD (immediate)
1 LDRD (immediate)

Data-processing (shifted register)

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

1110 1 0 1] op1 |s| Rn (0] imm3 | Rd [imm2 | type | Rm |
opl S Rn DeCOdfn?lﬂg:simmZ:type Rd Instruction Details
0000 | O 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 (O 1111 MVN, MVNS (register) — MVN
0011 1 '= 1111 ORN, ORNS (register) — flag setting
0011 1 1111 MVN, MVNS (register) — MVNS
0100 0 EOR, EORS (register) — EOR, rotate right with extend
0100 | 1 != 0000011 | '= 1111 | EOR,EORS (register) — EORS, shift or rotate by value
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opl S Rn DeCOdfrr?r‘::g:simml:type Rd Instruction Details
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 | O xxxxx10 PKHBT, PKHTB — PKHTB
0110 1| O xxxxx11 UNALLOCATED
0111 UNALLOCATED
1000 | O | !'= 1101 ADD, ADDS (register) — ADD
1000 | O 1101 ADD, ADDS (SP 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)
1011 SBC, SBCS (register)
1100 UNALLOCATED
1101 | 0 | !'= 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 1312 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
| 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 | OxO0 | '= 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
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1 1111 0x 0x0 UNALLOCATED
1 1111 1x 0x0 Exception generation
= 111x 0x0 B—13
Ox1 B—T4
1x0 BL, BLX (immediate) — T2
1x1 BL. BLX (immediate) — T1
Hints

These instructions are under Branches and miscellaneous control.

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
(11110011101 0[MMMMNDI1 o]oo]o[o 0 o] hint |  option |
h]i)l:etcode ﬁoe]l)(tiison Instruction Details Architecture Version
0000 | 0000 | NoP -
0000 | 0001 | YIELD -
0000 | 0010 | WFE -
0000 | 0011 | wrFI -
0000 | 0100 | SEV -
0000 | 0101 | SEVL -
0000 | 011x | Reserved hint, behaves as NOP | -
0000 | 1xxx | Reserved hint, behaves as NOP | -
0001 [ 0000 | EsB ARMvS.2
0001 0001 Reserved hint, behaves as NOP | -
0001 | 0010 | TSBCSYNC ARMvS8.4
0001 | 0011 | Reserved hint, behaves as NOP | -
0001 | 0100 | csSpB -
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 | -
01lxx 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 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
(111100 1110 1 0[MMMOIMDI1 olo|o]w©)]imod |[M[A]I]F] mode |

The following constraints also apply to this encoding: imod:M != 000

I?ecode fields Instruction Details
imod M
00 1 CPS, CPSID, CPSIE — CPS

01

UNALLOCATED
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I?ecode fields Instruction Details
imod M
10 CPS, CPSID, CPSIE — CPSIE
11 CPS, CPSID, CPSIE — CPSID

Miscellaneous system

Top-level encodings for T32

These instructions are under Branches and miscellaneous control.

1 0 15 14 13 12 11

3 2
[OIOIOIM[ 1 0[] o [MIM[M)(

15 14 13 12 11 10 9 8 7 6 5 4
[11 11001110 1 1
OpcDecode ﬁ:[l)(tiison Instruction Details

000x UNALLOCATED
0010 CLREX
0011 UNALLOCATED
0100 | '= 0x00 | DSB
0100 0000 SSBB
0100 0100 PSSBB
0101 DMB
0110 ISB
0111 UNALLOCATEDSB
1xxx UNALLOCATED

Exception return

These instructions are under Branches and miscellaneous control.

2 1 0 15 14 13 12 1

Rn [1 o]0 MMM

15 14 13 12 11 10 9 8 7 6 5 4
171110011110 1]
Decode ﬁ'e lds Instruction Details
Rn imm8
!= 00000000 | SUB,SUBS (immediate)
1110 00000000 ERET
DCPS

These instructions are under Branches and miscellaneous control.

15 14 13 12 11 10 9 8 7 6 5 4 2 1 0 15 14 13 12 11
/1111101111000 imm4d [1 00 0] | opt |

immd Decodeiili;zll:ls 0 opt Instruction Details

= 1111 UNALLOCATED

1111 '= 0000000000 UNALLOCATED

1111 0000000000 00 UNALLOCATED

1111 0000000000 01 | DCPSI,DCPS2, DCPS3 — DCPSI

1111 0000000000 10 DCPS1. DCPS2, DCPS3 — DCPS2

1111 0000000000 11 | DCPSI,DCPS2, DCPS3 — DCPS3
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Top-level encodings for T32

These instructions are under Branches and miscellaneous control.

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
(111101 1111 1]o1] immd [1 0]o2][0] imm12
Doelcode ﬁe(:(zis Instruction Details
0 0 HVC
0 1 UNALLOCATED
1 0 SMC
1 1 UDF
Data-processing (modified 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
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
01llx 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 | 0 | !'= 1101 SUB, SUBS (immediate) — SUB
1101 | O 1101 SUB, SUBS (SP minus immediate) — SUB
1101 | 1 | != 1101 | !'= 1111 | SUB,SUBS (immediate) — SUBS
1101 1 1101 = 1111 SUB, SUBS (SP minus immediate) — SUBS
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opl S DecocK:nﬁelds Rd Instruction Details
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 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

L 110 [ [1)po[ | opt [0] 10
I(:Ie)(c)ode ﬁz:)dls Instruction details
0 0x Data-processing (simple immediate)
0 10 Move Wide (16-bit immediate)
0 11 UNALLOCATED
1 Saturate, Bitfield

Data-processing (simple immediate)

These instructions are under Data-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 o0fo1]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).

%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 1 1 1 0[i[1 0fJo1[1 0 O] imm4 [O] imm3 | Rd | imm8
Decotz)el fields Instruction Details
0 MOV, MOVS (immediate)
1 MOVT

Saturate, Bitfield

These instructions are under Data-processing (plain binary immediate).
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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

| imm2 [(0)]

111 1 0]@)1 1] op1t [0] Rn o] imm3
opl %e: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 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11

11111001 lop0| 0]
OII))Oecode 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.

| size | align |

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11
11111 00 1 o0|D[L[O] Rn | Vd
Eecode g::gs Instruction Details
0 000x | WVST4 (multiple 4-element structures)
O | 0010 | WVSTI (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 VSTI1 (multiple single elements) — T1
0 100x | VST2 (multiple 2-element structures) — T1
O [ 1010 | VSTI (multiple single elements) — T2
1 000x | VLD4 (multiple 4-element structures)
1 | 0010 | VLDI (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 | VLDI (multiple single elements) — T1
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Eecode g:::gs Instruction Details

11lxx UNALLOCATED
1 100x | VLD2 (multiple 2-element structures) — T1
1 | 1010 | VLDI (multiple single elements) — T2

Advanced SIMD load single structure to all lanes

These instructions are under Advanced SIMD element or structure load/store.

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

[1 1111 00 1 1]D[L[0] Rn | vd [ size [T]a] |
]1) ecod; ﬁeldsa Instruction Details
0 UNALLOCATED
1 00 VLD (single element to all lanes)
1101 VLD2 (single 2-element structure to all lanes)
1 110| 0 VLD3 (single 3-element structure to all lanes)
1 | 10| 1 | UNALLOCATED
1111 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.

15 14 13 12 11

10

3 2 1 0 15 14 13 12 11

[1 1 1 1

1

9 8 7 6 5 4
0 01 1[D[L]O] Rn | vd

| index_align |

The following constraints also apply to this encoding: size != 11 && size != 11

L Decos(ilzeeﬁeldsN Instruction Details

0 00 00 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 VST1 (single element from one lane) — T2

0 01 | 01 | VST2 (single 2-element structure from one lane) — T2
0 01 | 10 | VST3 (single 3-element structure from one lane) — T2
0 01 | 11 | VST4 (single 4-element structure from one lane) — T2
0 10 | 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
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L DecostiizeeﬂeldsN Instruction Details

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 VLD?3 (single 3-element structure to one lane) — T3
1 10 | 11 | VLD4 (single 4-element structure to one lane) — T3

Load/store single

These instructions are under 32-bit.

15 14 13 12 11 10

9 8

6 5

3 2 1 0 15 14 13 12 11 10 9

1111100

| op0 |

lop1]

op2 | op3

The following constraints also apply to this encoding: op0<1>:0p1 != 10

op0 opl Decod:pf;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

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 | 11x1lxx Load/store, unsigned (immediate, pre-indexed)
01 = 1111 Load/store, unsigned (positive immediate)
0x 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 | 11x1xxX | 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.
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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 0 0fsize L[ =111 | Rt [0 0 0 0 0 0fimm2] Rm |
Rn
The following constraints also apply to this encoding: Rn != 1111 && Rn != 1111
Decode fields . .
size L Rt 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 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
[1 111 1 0 0 0 0fsize L] =111 | Rt [1 o[u[1] imm8
Rn
The following constraints also apply to this encoding: Rn != 1111 && Rn !=1111
D?code fields Instruction Details
size L
00 0 STRB (immediate)
00 1 LDRB (immediate)
01 0 STRH (immediate)
01 1 LDRH (immediate)
10 0 STR (immediate)
10 1 LDR (immediate)
11 UNALLOCATED
Load/store, unsigned (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 O
[1 1111 00 0 0fsize L[ =111 | Rt |1 1 0 0] imm8
Rn

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

size De;fode 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)
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size D;}dee ﬁeldsR t Instruction Details

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 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
1111100 0 0[size L[ !'=1111 | Rt [1 1 1 0] imm8
Rn
The following constraints also apply to this encoding: Rn != 1111 && Rn !=1111
D?code fields Instruction Details
size L
00 0 STRBT
00 1 LDRBT
01 0 STRHT
01 1 LDRHT
10 0 STRT
10 1 LDRT
11 UNALLOCATED
Load/store, unsigned (immediate, pre-indexed)
These instructions are under Load/store single.
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
1111100 0 0[size L[ !'=1111 | Rt [1 1]u]1] imm8
Rn

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

Dsfzc;)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.
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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 0 1]size L] =111 | Rt | imm12
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)

Load, unsigned (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

111110 0 0f[U[size[L[1 1 1 1] Rt | imm12
size DiCOde ﬁeldsR t Instruction Details
0x 1 1111 PLD (literal)
00 1 != 1111 | LDRB (literal)
01 1 != 1111 | LDRH (literal)
10 1 LDR (literal)
11 UNALLOCATED

Load/store, signed (register offset)

These instructions are under Load/store single.
%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
1111100 1 0[size 1] =111 | Rt [0 0 0 0 0 0fimm2] Rm |
Rn

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

SizeDecode fieli(tis Instruction Details

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.
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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 oJul1] imm8
Rn

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

Deco;ii;:'lelds Instruction Details
00 LDRSB (immediate)
01 LDRSH (immediate)
1x UNALLOCATED

Load/store, signed (negative immediate)

These instructions are under Load/store single.

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
[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

. Decode fields Instruction Details

size Rt

00 | !'= 1111 | LDRSB (immediate)

00 1111 PLI (immediate, literal)

01 '= 1111 LDRSH (immediate)

01 1111 Reserved hint, behaves as NOP

1x UNALLOCATED
Load/store, signed (unprivileged)

These instructions are under Load/store single.
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
1111 1 0 0 1 0]size[1] =111 | Rt [1 1 1 0] imm8

Rn

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

Deco;ii;:ields 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 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

9
[1 111 1 00 1 0]size[1] 1=1111 | Rt [1 1{u]1] imm8
Rn

The following constraints also apply to this encoding: Rn != 1111 && Rn !=1111
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Deco;ii;:'lelds 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 1 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4
[1 111 1 00 1 1]size[1] 1=1111 | Rt | imm12
Rn
The following constraints also apply to this encoding: Rn != 1111 && Rn !=1111
. Decode fields Instruction Details
size Rt
00 '= 1111 LDRSB (immediate)
00 1111 PLI (immediate, literal)
01 '= 1111 LDRSH (immediate)
01 1111 Reserved hint, behaves as NOP
Load, signed (literal)
These instructions are under Load/store single.
%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
1111100 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)
01 != 1111 | LDRSH (literal)
01 1111 Reserved hint, behaves as NOP
1x UNALLOCATED
Data-processing (register)
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
11111010 lop0Q)] | 1111 | op1
Decode fields Instruction details
op0 opl
0 0000 | MOV, MOVS (register-shifted register) — T2, Flag setting
0 0001 | UNALLOCATED
0 001x | UNALLOCATED
0 01xx | UNALLOCATED
0 1xxx Register extends
1 O0xxx Parallel add-subtract
1 10xxX | Data-processing (two source registers)
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| 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%code fieldsRn Instruction Details
00 0 != 1111 | SXTAH
00 0 1111 SXTH
00 1 != 1111 | UXTAH
00 1 1111 UXTH
01 0 != 1111 | SXTABI6
01 0 1111 SXTBI16
01 1 != 1111 | UXTABIG6
01 1 1111 UXTBI6
10 0 != 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] opt1 | Rn [1 1 1 1] Rd [0JU[H]S] Rm |
opl Dec(:;ie ﬁellflis S Instruction Details
000 | O 0 | O | sADDS
000 | O 0 1 QADDS
000 | O 1 0 SHADDS
000 | O 1 1 UNALLOCATED
000 | 1 0 O | UADDS
000 | 1 0 1 UQADDS
000 | 1 1 0 UHADDS
000 | 1 1 1 | UNALLOCATED
001 1| O O | O [ sADDI6
001 | O 0 1 QADDI16
001 1] O 1 0 SHADD16
001 ] O 1 1 UNALLOCATED
001 | 1 0 O | UADDIG6
001 | 1 0 1 UQADDI6
001 | 1 1 0 UHADDI16
001 | 1 1 1 | UNALLOCATED
010 | O 0 | O [ sAasx
010 | O 0 1 QASX
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opl Dea{)}ie ﬁel}(lls S Instruction Details
010 | O 1 0 SHASX
010 | O 1 1 | UNALLOCATED
010 | 1 0 | 0 | uasx
010 | 1 0 1 UQASX
010 | 1 1 0 | UHASX
010 | 1 1 1 | UNALLOCATED
100 | O 0 | O [ ssuBs
100 | O 0 1 | QSUBS
100 | O 1 0 SHSUBS8
100 | O 1 1 | UNALLOCATED
100 | 1 O | O | uUsuBs
100 | 1 0 | 1 [ UQSuUBS
100 | 1 1 0 | UHSUBS
100 | 1 1 1 | UNALLOCATED
101 | O 0 | O [ ssuBl6
101 ] O 0 1 | QSUBI6
101 ] O 1 0 SHSUB16
101 ] O 1 1 | UNALLOCATED
101 | 1 0 0 | USUBI6
101 | 1 O | 1 | UQSUBI6
101 | 1 1 0 | 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 0 | UHSAX
110 | 1 1 1 | UNALLOCATED
111 UNALLOCATED

Data-processing (two source registers)

These instructions are under Data-processing (register).

15 14 13 12 11 10 9 8 7 6 5 4 15 14 13 12 11
11 1 1 0 1.0 1] opt |

I()):;clode ﬁzl:; Instruction Details

000 00 QADD

000 01 QDADD

000 10 QSUB

000 | 11 QDSUB

001 00 REV

001 01 REV16

001 10 RBIT

001 11 REVSH
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I;;clode ﬂzl;lzs Instruction Details

010 00 SEL

010 01 UNALLOCATED

010 | 1x UNALLOCATED

011 00 CLZ

011 01 UNALLOCATED

011 | 1x | UNALLOCATED

100 | 00 CRC32 — CRC32B

100 01 CRC32 — CRC32H

100 | 10 CR(C32 — CRC32W

100 11 CONSTRAINED UNPREDICTABLE
101 | 00 CR(C32C — CRC32CB

101 | 01 CRC32C — CRC32CH

101 | 10 CR(C32C — 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 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
111110110 | op0 |

Deco(()l;oﬁelds Instruction details
00 Multiply and absolute difference
01 UNALLOCATED
1x UNALLOCATED

Multiply and absolute difference
These instructions are under Multiply, multiply accumulate, and absolute difference.
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
11111011 0[ opt | Rn | Ra | Rd [0 0] op2 | Rm |

opl Decmi:aﬁelds op2 Instruction Details

000 | !'= 1111 | 0O MLA, MLAS

000 01 MLS

000 1x UNALLOCATED

000 1111 00 MUL, MULS

001 | !'= 1111 | 0O 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
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Instruction Details

opl Ra op2
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 | 0O 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 ] 01 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 | 0O SMMLA, SMMLAR — SMMLA
101 | !'= 1111 | 01 SMMLA, SMMLAR — SMMLAR
101 1x | UNALLOCATED
101 1111 00 SMMUL, SMMULR — SMMUL
101 1111 01 SMMUL, SMMULR — SMMULR
110 00 SMMLS, SMMLSR — SMMLS
110 01 SMMLS, SMMLSR — SMMLSR
110 1x UNALLOCATED
111 | !'= 1111 | 0O USADAS
111 01 UNALLOCATED
111 1x | UNALLOCATED
111 1111 00 USADS

Long multiply and divide

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
11111011 1] opt | Rn | Rdlo | RdHi | op2 Rm |

OplDecode ﬁzi;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
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OplDecode ﬁﬁl:zs Instruction Details

100 0001 UNALLOCATED

100 001x UNALLOCATED

100 01xx UNALLOCATED

100 1000 SMLALBB, SMLALBT, SMLALTB, SMLALTT — SMLALBB
100 1001 SMLALBB, SMLALBT, SMLALTB, SMLALTT — SMLALBT
100 1010 SMLALBB, SMLALBT, SMLALTB, SMLALTT — SMLALTB
100 1011 SMLALBB, SMLALBT, SMLALTB, SMLALTT — SMLALTT
100 1100 SMLALD, SMLALDX — SMLALD

100 1101 SMLALD, SMLALDX — SMLALDX

100 111x UNALLOCATED

101 Oxxx UNALLOCATED

101 10xx UNALLOCATED

101 1100 SMLSLD, SMLSLDX — SMLSLD

101 1101 SMLSLD, SMLSLDX — SMLSLDX

101 111x UNALLOCATED

110 0000 UMLAL, UMLALS

110 0001 UNALLOCATED

110 001x UNALLOCATED

110 010x UNALLOCATED

110 0110 UMAAL

110 0111 UNALLOCATED

110 1xxx UNALLOCATED

111 UNALLOCATED
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