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A64 -- Base Instructions (alphabetic order)
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A64 -- Base Instructions (alphabetic order)

ADC: Add with Carry.
ADCS: Add with Carry, setting flags.

ADD (extended register): Add (extended register).

ADD (immediate): Add (immediate).

ADD (shifted register): Add (shifted register).

ADDS (extended register): Add (extended register), setting flags.

ADDS (immediate): Add (immediate), setting flags.

ADDS (shifted register): Add (shifted register), setting flags.

ADR: Form PC-relative address.
ADRP: Form PC-relative address to 4KB page.
AND (immediate): Bitwise AND (immediate).

AND (shifted register): Bitwise AND (shifted register).

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

ANDS (shifted register): Bitwise AND (shifted register), setting flags.

ASR (immediate): Arithmetic Shift Right (immediate): an alias of SBFM.

ASR (register): Arithmetic Shift Right (register): an alias of ASRV.
ASRV: Arithmetic Shift Right Variable.

AT: Address Translate: an alias of SYS.

AUTDA, AUTDZA: Authenticate Data address, using key A.

AUTDB, AUTDZB: Authenticate Data address, using key B.

AUTIA, AUTIA1716, AUTIASP, AUTIAZ, AUTIZA: Authenticate Instruction address, using key A.

AUTIB, AUTIB1716, AUTIBSP, AUTIBZ, AUTIZB: Authenticate Instruction address, using key B.

B: Branch.

B.cond: Branch conditionally.

BFC: Bitfield Clear: an alias of BFM.

BFTI: Bitfield Insert: an alias of BFM.

BFM: Bitfield Move.

BFXIL: Bitfield extract and insert at low end: an alias of BFM.

BIC (shifted register): Bitwise Bit Clear (shifted register).

BICS (shifted register): Bitwise Bit Clear (shifted register), setting flags.

BL: Branch with Link.

BLR: Branch with Link to Register.
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A64 -- Base Instructions (alphabetic order)

BLRAA, BLRAAZ. BLRAB, BLRABZ: Branch with Link to Register, with pointer authentication.

BR: Branch to Register.

BRAA., BRAAZ, BRAB, BRABZ: Branch to Register, with pointer authentication.

BRK: Breakpoint instruction.
CAS, CASA, CASAL, CASL: Compare and Swap word or doubleword in memory.

CASB, CASAB, CASALB, CASLB: Compare and Swap byte in memory.

CASH., CASAH, CASALH, CASLH: Compare and Swap halfword in memory.

CASP, CASPA, CASPAL, CASPL: Compare and Swap Pair of words or doublewords in memory.

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

CCMN (immediate): Conditional Compare Negative (immediate).

CCMN (register): Conditional Compare Negative (register).

CCMP (immediate): Conditional Compare (immediate).

CCMP (register): Conditional Compare (register).

CFINV: PSTATE.C Flag Inversion.

CINC: Conditional Increment: an alias of CSINC.

CINV: Conditional Invert: an alias of CSINV.

CLREX: Clear Exclusive.

CLS: Count leading sign bits.

CLZ: Count leading zero bits.

CMN (extended register): Compare Negative (extended register): an alias of ADDS (extended register).
CMN (immediate): Compare Negative (immediate): an alias of ADDS (immediate).

CMN (shifted register): Compare Negative (shifted register): an alias of ADDS (shifted register).
CMP (extended register): Compare (extended register): an alias of SUBS (extended register).
CMP (immediate): Compare (immediate): an alias of SUBS (immediate).

CMP (shifted register): Compare (shifted register): an alias of SUBS (shifted register).

CNEG: Conditional Negate: an alias of CSNEG.

CRC32B, CRC32H, CRC32W, CRC32X: CRC32 checksum.

CRC32CB, CRC32CH, CRC32CW, CRC32CX: CRC32C checksum.

CSDB: Consumption of Speculative Data Barrier.
CSEL: Conditional Select.

CSET: Conditional Set: an alias of CSINC.
CSETM: Conditional Set Mask: an alias of CSINV.
CSINC: Conditional Select Increment.

CSINV: Conditional Select Invert.

CSNEG: Conditional Select Negation.
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A64 -- Base Instructions (alphabetic order)

DC: Data Cache operation: an alias of SYS.
DCPS1: Debug Change PE State to EL1..
DCPS2: Debug Change PE State to EL2..
DCPS3: Debug Change PE State to EL3.
DMB: Data Memory Barrier.

DRPS: Debug restore process state.

DSB: Data Synchronization Barrier.

EON (shifted register): Bitwise Exclusive OR NOT (shifted register).

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

EOR (shifted register): Bitwise Exclusive OR (shifted register).

ERET: Exception Return.

ERETAA, ERETAB: Exception Return, with pointer authentication.

ESB: Error Synchronization Barrier.

EXTR: Extract register.

HINT: Hint instruction.

HLT: Halt instruction.

HVC: Hypervisor Call.

IC: Instruction Cache operation: an alias of SYS.
ISB: Instruction Synchronization Barrier.

LDADD, LDADDA, LDADDAL, LDADDL: Atomic add on word or doubleword in memory.

LDADDB, LDADDAB, LDADDALB, LDADDLB: Atomic add on byte in memory.

LDADDH, LDADDAH, LDADDALH, LDADDLH: Atomic add on halfword in memory.
LDAPR: Load-Acquire RCpc Register.

LDAPRB: Load-Acquire RCpc Register Byte.

LDAPRH: Load-Acquire RCpc Register Halfword.

LDAPUR: Load-Acquire RCpc Register (unscaled).

LDAPURB: Load-Acquire RCpc Register Byte (unscaled).

LDAPURH: Load-Acquire RCpc Register Halfword (unscaled).
LDAPURSB: Load-Acquire RCpc Register Signed Byte (unscaled).
LDAPURSH: Load-Acquire RCpc Register Signed Halfword (unscaled).
LDAPURSW: Load-Acquire RCpc Register Signed Word (unscaled).
LDAR: Load-Acquire Register.

LDARB: Load-Acquire Register Byte.

LDARH: Load-Acquire Register Halfword.

LDAXP: Load-Acquire Exclusive Pair of Registers.

LDAXR: Load-Acquire Exclusive Register.
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A64 -- Base Instructions (alphabetic order)

LDAXRB: Load-Acquire Exclusive Register Byte.
LDAXRH: Load-Acquire Exclusive Register Halfword.

LDCLR, LDCLRA, LDCLRAL, LDCLRL: Atomic bit clear on word or doubleword in memory.

LDCLRB, LDCLRAB, LDCLRALB, LDCLRLB: Atomic bit clear on byte in memory.

LDCLRH, LDCLRAH, LDCLRALH, LDCLRLH: Atomic bit clear on halfword in memory.

LDEOR, LDEORA, LDEORAL, LDEORL: Atomic exclusive OR on word or doubleword in memory.

LDEORB, LDEORAB, LDEORALB, LDEORLB: Atomic exclusive OR on byte in memory.

LDEORH., LDEORAH, LDEORALH. LDEORLH: Atomic exclusive OR on halfword in memory.

LDLAR: Load LOAcquire Register.

LDLARB: Load LOAcquire Register Byte.

LDLARH: Load LOAcquire Register Halfword.
LDNP: Load Pair of Registers, with non-temporal hint.
LDP: Load Pair of Registers.

LDPSW: Load Pair of Registers Signed Word.

LDR (immediate): Load Register (immediate).

LDR (literal): Load Register (literal).

LDR (register): Load Register (register).

LDRAA., LDRAB: Load Register, with pointer authentication.

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

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

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

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

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

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

LDRSW (immediate): Load Register Signed Word (immediate).

LDRSW (literal): Load Register Signed Word (literal).
LDRSW (register): Load Register Signed Word (register).

LDSET, LDSETA, LDSETAL, LDSETL: Atomic bit set on word or doubleword in memory.

LDSETB., LDSETAB, LDSETALB, LDSETLB: Atomic bit set on byte in memory.

LDSETH, LDSETAH, LDSETALH, LDSETLH: Atomic bit set on halfword in memory.

LDSMAX, LDSMAXA, LDSMAXAL, LDSMAXL: Atomic signed maximum on word or doubleword in memory.

LDSMAXB. LDSMAXAB, LDSMAXALB, LDSMAXILB: Atomic signed maximum on byte in memory.

LDSMAXH, LDSMAXAH, LDSMAXALH, LDSMAXILH: Atomic signed maximum on halfword in memory.

LDSMIN, LDSMINA., LDSMINAL, LDSMINL: Atomic signed minimum on word or doubleword in memory.
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A64 -- Base Instructions (alphabetic order)

LDSMINB, LDSMINAB, LDSMINALB, LDSMINLB: Atomic signed minimum on byte in memory.

LDSMINH, LDSMINAH, LDSMINALH, LDSMINLH: Atomic signed minimum on halfword in memory.

LDTR: Load Register (unprivileged).

LDTRB: Load Register Byte (unprivileged).

LDTRH: Load Register Halfword (unprivileged).
LDTRSB: Load Register Signed Byte (unprivileged).
LDTRSH: Load Register Signed Halfword (unprivileged).
LDTRSW: Load Register Signed Word (unprivileged).

LDUMAX., LDUMAXA, LDUMAXAL, LDUMAXL: Atomic unsigned maximum on word or doubleword in memory.

LDUMAXB, LDUMAXAB, LDUMAXALB, LDUMAXIB: Atomic unsigned maximum on byte in memory.

LDUMAXH, LDUMAXAH, LDUMAXALH, LDUMAXIH: Atomic unsigned maximum on halfword in memory.

LDUMIN, LDUMINA, LDUMINAL, LDUMINL: Atomic unsigned minimum on word or doubleword in memory.

LDUMINB, LDUMINAB, LDUMINALB, LDUMINLB: Atomic unsigned minimum on byte in memory.

LDUMINH, LDUMINAH, LDUMINALH, LDUMINLH: Atomic unsigned minimum on halfword in memory.

LDUR: Load Register (unscaled).

LDURB: Load Register Byte (unscaled).

LDURH: Load Register Halfword (unscaled).

LDURSB: Load Register Signed Byte (unscaled).

LDURSH: Load Register Signed Halfword (unscaled).

LDURSW: Load Register Signed Word (unscaled).

LDXP: Load Exclusive Pair of Registers.

LDXR: Load Exclusive Register.

LDXRB: Load Exclusive Register Byte.

LDXRH: Load Exclusive Register Halfword.

LSL (immediate): Logical Shift Left (immediate): an alias of UBFM.
LSL (register): Logical Shift Left (register): an alias of LSLV.

LSLV: Logical Shift Left Variable.

LSR (immediate): Logical Shift Right (immediate): an alias of UBFM.
LSR (register): Logical Shift Right (register): an alias of LSRV.
LSRV: Logical Shift Right Variable.

MADD: Multiply-Add.

MNEG: Multiply-Negate: an alias of MSUB.

MOV (bitmask immediate): Move (bitmask immediate): an alias of ORR (immediate).
MOV (inverted wide immediate): Move (inverted wide immediate): an alias of MOVN.
MOV (register): Move (register): an alias of ORR (shifted register).

MOV (to/from SP): Move between register and stack pointer: an alias of ADD (immediate).
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A64 -- Base Instructions (alphabetic order)

MOV (wide immediate): Move (wide immediate): an alias of MOVZ.
MOVK: Move wide with keep.

MOVN: Move wide with NOT.

MOVZ: Move wide with zero.

MRS: Move System Register.

MSR (immediate): Move immediate value to Special Register.

MSR (register): Move general-purpose register to System Register.
MSUB: Multiply-Subtract.

MUL: Multiply: an alias of MADD.

MVN: Bitwise NOT: an alias of ORN (shifted register).

NEG (shifted register): Negate (shifted register): an alias of SUB (shifted register).
NEGS: Negate, setting flags: an alias of SUBS (shifted register).
NGC: Negate with Carry: an alias of SBC.

NGCS: Negate with Carry, setting flags: an alias of SBCS.

NOP: No Operation.

ORN (shifted register): Bitwise OR NOT (shifted register).

ORR (immediate): Bitwise OR (immediate).

ORR (shifted register): Bitwise OR (shifted register).

PACDA, PACDZA: Pointer Authentication Code for Data address, using key A.
PACDB, PACDZB: Pointer Authentication Code for Data address, using key B.

PACGA: Pointer Authentication Code, using Generic key.

PACIA, PACIA1716, PACIASP, PACIAZ, PACIZA: Pointer Authentication Code for Instruction address, using key A.

PACIB, PACIB1716, PACIBSP, PACIBZ, PACIZB: Pointer Authentication Code for Instruction address, using key B.

PRFM (immediate): Prefetch Memory (immediate).
PREM (literal): Prefetch Memory (literal).

PREM (register): Prefetch Memory (register).

PRFM (unscaled offset): Prefetch Memory (unscaled offset).

PSB CSYNC: Profiling Synchronization Barrier.
PSSBB: Physical Speculative Store Bypass Barrier.
RBIT: Reverse Bits.

RET: Return from subroutine.

RETAA, RETAB: Return from subroutine, with pointer authentication.

REV: Reverse Bytes.
REV16: Reverse bytes in 16-bit halfwords.
REV32: Reverse bytes in 32-bit words.

REV64: Reverse Bytes: an alias of REV.
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A64 -- Base Instructions (alphabetic order)

RMIE: Rotate, Mask Insert Flags.

ROR (immediate): Rotate right (immediate): an alias of EXTR.
ROR (register): Rotate Right (register): an alias of RORV.
RORV: Rotate Right Variable.

SBC: Subtract with Carry.

SBCS: Subtract with Carry, setting flags.

SBFIZ: Signed Bitfield Insert in Zero: an alias of SBFM.
SBEM: Signed Bitfield Move.

SBFX: Signed Bitfield Extract: an alias of SBFM.

SDIV: Signed Divide.

SETES8, SETF16: Evaluation of 8 or 16 bit flag values.

SEV: Send Event.

SEVL: Send Event Local.

SMADDL: Signed Multiply-Add Long.

SMC: Secure Monitor Call.

SMNEGL: Signed Multiply-Negate Long: an alias of SMSUBL.

SMSUBL: Signed Multiply-Subtract Long.

SMULH: Signed Multiply High.

SMULL: Signed Multiply Long: an alias of SMADDL.

SSBB: Speculative Store Bypass Barrier.

STADD, STADDL: Atomic add on word or doubleword in memory, without return: an alias of LDADD, LDADDA, LDADDAL, LDADDL.
STADDB, STADDLB: Atomic add on byte in memory, without return: an alias of LDADDB, LDADDAB, LDADDALB, LDADDLB.
STADDH, STADDLH: Atomic add on halfword in memory, without return: an alias of LDADDH, LDADDAH, LDADDALH, LDADDLH.
STCLR, STCLRL: Atomic bit clear on word or doubleword in memory, without return: an alias of LDCLR, LDCLRA, LDCLRAL, LDCLRL.
STCLRB, STCLRLB: Atomic bit clear on byte in memory, without return: an alias of LDCLRB, LDCLRAB, LDCLRALB, LDCLRLB.
STCLRH, STCLRLH: Atomic bit clear on halfword in memory, without return: an alias of LDCLRH, LDCLRAH, LDCLRALH, LDCLRLH.

STEOR, STEORL: Atomic exclusive OR on word or doubleword in memory, without return: an alias of LDEOR, LDEORA, LDEORAL,
LDEORL.

STEORB, STEORLB: Atomic exclusive OR on byte in memory, without return: an alias of LDEORB, LDEORAB, LDEORALB, LDEORLB.

STEORH, STEORLH: Atomic exclusive OR on halfword in memory, without return: an alias of LDEORH, LDEORAH, LDEORALH,
LDEORLH.

STLLR: Store LORelease Register.

STLLRB: Store LORelease Register Byte.
STLLRH: Store LORelease Register Halfword.
STLR: Store-Release Register.

STLRB: Store-Release Register Byte.

STLRH: Store-Release Register Halfword.
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A64 -- Base Instructions (alphabetic order)

STLUR: Store-Release Register (unscaled).

STLURB: Store-Release Register Byte (unscaled).

STLURH: Store-Release Register Halfword (unscaled).

STLXP: Store-Release Exclusive Pair of registers.

STLXR: Store-Release Exclusive Register.

STLXRB: Store-Release Exclusive Register Byte.

STLXRH: Store-Release Exclusive Register Halfword.

STNP: Store Pair of Registers, with non-temporal hint.

STP: Store Pair of Registers.

STR (immediate): Store Register (immediate).

STR (register): Store Register (register).

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

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

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

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

STSET, STSETL: Atomic bit set on word or doubleword in memory, without return: an alias of LDSET, LDSETA, LDSETAL, LDSETL.
STSETB, STSETLB: Atomic bit set on byte in memory, without return: an alias of LDSETB, LDSETAB, LDSETALB, LDSETLB.
STSETH, STSETLH: Atomic bit set on halfword in memory, without return: an alias of LDSETH, LDSETAH, LDSETALH, LDSETLH.

STSMAX, STSMAXL: Atomic signed maximum on word or doubleword in memory, without return: an alias of LDSMAX, LDSMAXA,
LDSMAXAL, LDSMAXL.

STSMAXB, STSMAXLB: Atomic signed maximum on byte in memory, without return: an alias of LDSMAXB, LDSMAXAB, LDSMAXALB,
LDSMAXLB.

STSMAXH, STSMAXLH: Atomic signed maximum on halfword in memory, without return: an alias of LDSMAXH, LDSMAXAH,
LDSMAXALH, LDSMAXLH.

STSMIN, STSMINL: Atomic signed minimum on word or doubleword in memory, without return: an alias of LDSMIN, LDSMINA,
LDSMINAL, LDSMINL.

STSMINB, STSMINLB: Atomic signed minimum on byte in memory, without return: an alias of LDSMINB, LDSMINAB, LDSMINALB,
LDSMINLB.

STSMINH, STSMINLH: Atomic signed minimum on halfword in memory, without return: an alias of LDSMINH, LDSMINAH, LDSMINALH,
LDSMINLH.

STTR: Store Register (unprivileged).
STTRB: Store Register Byte (unprivileged).
STTRH: Store Register Halfword (unprivileged).

STUMAX, STUMAXL: Atomic unsigned maximum on word or doubleword in memory, without return: an alias of LDUMAX, LDUMAXA,
LDUMAXAL, LDUMAXL.

STUMAXB, STUMAXLB: Atomic unsigned maximum on byte in memory, without return: an alias of LDUMAXB, LDUMAXAB,
LDUMAXALB, LDUMAXLB.

STUMAXH, STUMAXLH: Atomic unsigned maximum on halfword in memory, without return: an alias of LDUMAXH, LDUMAXAH,
LDUMAXALH, LDUMAXLH.

STUMIN, STUMINL: Atomic unsigned minimum on word or doubleword in memory, without return: an alias of LDUMIN, LDUMINA,
LDUMINAL, LDUMINL.
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A64 -- Base Instructions (alphabetic order)

STUMINB, STUMINLB: Atomic unsigned minimum on byte in memory, without return: an alias of LDUMINB, LDUMINAB, LDUMINALB,
LDUMINLB.

STUMINH, STUMINLH: Atomic unsigned minimum on halfword in memory, without return: an alias of LDUMINH, LDUMINAH,
LDUMINALH, LDUMINLH.

STUR: Store Register (unscaled).

STURB: Store Register Byte (unscaled).
STURH: Store Register Halfword (unscaled).
STXP: Store Exclusive Pair of registers.
STXR: Store Exclusive Register.

STXRB: Store Exclusive Register Byte.
STXRH: Store Exclusive Register Halfword.

SUB (extended register): Subtract (extended register).

SUB (immediate): Subtract (immediate).

SUB (shifted register): Subtract (shifted register).

SUBS (extended register): Subtract (extended register), setting flags.

SUBS (immediate): Subtract (immediate), setting flags.

SUBS (shifted register): Subtract (shifted register), setting flags.

SVC: Supervisor Call.
SWP, SWPA, SWPAL, SWPL: Swap word or doubleword in memory.

SWPB, SWPAB, SWPALB. SWPLB: Swap byte in memory.

SWPH, SWPAH, SWPALH. SWPLH: Swap halfword in memory.

SXTB: Signed Extend Byte: an alias of SBFM.

SXTH: Sign Extend Halfword: an alias of SBFM.

SXTW: Sign Extend Word: an alias of SBFM.

SYS: System instruction.

SYSL: System instruction with result.

TBNZ: Test bit and Branch if Nonzero.

TBZ: Test bit and Branch if Zero.

TLBI: TLB Invalidate operation: an alias of SYS.

TSB CSYNC: Trace Synchronization Barrier.

TST (immediate): Test bits (immediate): an alias of ANDS (immediate).
TST (shifted register): Test (shifted register): an alias of ANDS (shifted register).
UBFIZ: Unsigned Bitfield Insert in Zero: an alias of UBFM.

UBFM: Unsigned Bitfield Move.

UBFX: Unsigned Bitfield Extract: an alias of UBFM.

UDIV: Unsigned Divide.

UMADDL: Unsigned Multiply-Add Long.
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A64 -- Base Instructions (alphabetic order)

UMNEGL: Unsigned Multiply-Negate Long: an alias of UMSUBL.
UMSUBL: Unsigned Multiply-Subtract Long.

UMULH: Unsigned Multiply High.

UMULL: Unsigned Multiply Long: an alias of UMADDL.

UXTB: Unsigned Extend Byte: an alias of UBFM.

UXTH: Unsigned Extend Halfword: an alias of UBFM.

WEFE: Wait For Event.

WEI: Wait For Interrupt.

XPACD, XPACI, XPACLRI: Strip Pointer Authentication Code.

YIELD: YIELD.
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A64 -- SIMD and Floating-point Instructions (alphabetic order)

ABS: Absolute value (vector).

ADD (vector): Add (vector).

ADDHN, ADDHN2: Add returning High Narrow.
ADDP (scalar): Add Pair of elements (scalar).
ADDP (vector): Add Pairwise (vector).
ADDV: Add across Vector.

AESD: AES single round decryption.

AESE: AES single round encryption.
AESIMC: AES inverse mix columns.
AESMC: AES mix columns.

AND (vector): Bitwise AND (vector).
BCAX: Bit Clear and XOR.

BIC (vector, immediate): Bitwise bit Clear (vector, immediate).

BIC (vector, register): Bitwise bit Clear (vector, register).

BIF: Bitwise Insert if False.

BIT: Bitwise Insert if True.

BSL: Bitwise Select.

CLS (vector): Count Leading Sign bits (vector).
CLZ (vector): Count Leading Zero bits (vector).
CMEQ (register): Compare bitwise Equal (vector).

CMEQ (zero): Compare bitwise Equal to zero (vector).

CMGE (register): Compare signed Greater than or Equal (vector).

CMGE (zero): Compare signed Greater than or Equal to zero (vector).

CMGT (register): Compare signed Greater than (vector).

CMGT (zero): Compare signed Greater than zero (vector).

CMHI (register): Compare unsigned Higher (vector).

CMHS (register): Compare unsigned Higher or Same (vector).
CMLE (zero): Compare signed Less than or Equal to zero (vector).
CMLT (zero): Compare signed Less than zero (vector).

CMTST: Compare bitwise Test bits nonzero (vector).

CNT: Population Count per byte.

DUP (element): Duplicate vector element to vector or scalar.
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A64 -- SIMD and Floating-point Instructions (alphabetic order)

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

EOR (vector): Bitwise Exclusive OR (vector).

EOR3: Three-way Exclusive OR.

EXT: Extract vector from pair of vectors.

FABD: Floating-point Absolute Difference (vector).

FABS (scalar): Floating-point Absolute value (scalar).

FABS (vector): Floating-point Absolute value (vector).

FACGE: Floating-point Absolute Compare Greater than or Equal (vector).
FACGT: Floating-point Absolute Compare Greater than (vector).

FADD (scalar): Floating-point Add (scalar).

FADD (vector): Floating-point Add (vector).

FADDP (scalar): Floating-point Add Pair of elements (scalar).

FADDP (vector): Floating-point Add Pairwise (vector).

ECADD: Floating-point Complex Add.

ECCMP: Floating-point Conditional quiet Compare (scalar).

FCCMPE: Floating-point Conditional signaling Compare (scalar).
FCMEQ (register): Floating-point Compare Equal (vector).

FCMEQ (zero): Floating-point Compare Equal to zero (vector).

FCMGE (register): Floating-point Compare Greater than or Equal (vector).
FCMGE (zero): Floating-point Compare Greater than or Equal to zero (vector).
FCMGT (register): Floating-point Compare Greater than (vector).
FCMGT (zero): Floating-point Compare Greater than zero (vector).
FCMLA: Floating-point Complex Multiply Accumulate.

FCMLA (by element): Floating-point Complex Multiply Accumulate (by element).

FCMLE (zero): Floating-point Compare Less than or Equal to zero (vector).

FCMLT (zero): Floating-point Compare Less than zero (vector).

FCMP: Floating-point quiet Compare (scalar).

FCMPE: Floating-point signaling Compare (scalar).

ECSEL.: Floating-point Conditional Select (scalar).

FCVT: Floating-point Convert precision (scalar).

FCVTAS (scalar): Floating-point Convert to Signed integer, rounding to nearest with ties to Away (scalar).
FCVTAS (vector): Floating-point Convert to Signed integer, rounding to nearest with ties to Away (vector).
FCVTAU (scalar): Floating-point Convert to Unsigned integer, rounding to nearest with ties to Away (scalar).
FCVTAU (vector): Floating-point Convert to Unsigned integer, rounding to nearest with ties to Away (vector).
FCVTL, FCVTL2: Floating-point Convert to higher precision Long (vector).

FCVTMS (scalar): Floating-point Convert to Signed integer, rounding toward Minus infinity (scalar).
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A64 -- SIMD and Floating-point Instructions (alphabetic order)

FCVTMS (vector): Floating-point Convert to Signed integer, rounding toward Minus infinity (vector).
FCVTMU (scalar): Floating-point Convert to Unsigned integer, rounding toward Minus infinity (scalar).
FCVTMU (vector): Floating-point Convert to Unsigned integer, rounding toward Minus infinity (vector).
FCVTN, FCVTN2: Floating-point Convert to lower precision Narrow (vector).

FCVTNS (scalar): Floating-point Convert to Signed integer, rounding to nearest with ties to even (scalar).
FCVTNS (vector): Floating-point Convert to Signed integer, rounding to nearest with ties to even (vector).
FCVTNU (scalar): Floating-point Convert to Unsigned integer, rounding to nearest with ties to even (scalar).
FCVTNU (vector): Floating-point Convert to Unsigned integer, rounding to nearest with ties to even (vector).
FCVTPS (scalar): Floating-point Convert to Signed integer, rounding toward Plus infinity (scalar).

FCVTPS (vector): Floating-point Convert to Signed integer, rounding toward Plus infinity (vector).
FCVTPU (scalar): Floating-point Convert to Unsigned integer, rounding toward Plus infinity (scalar).
FCVTPU (vector): Floating-point Convert to Unsigned integer, rounding toward Plus infinity (vector).

FCVTXN, FCVTXN2: Floating-point Convert to lower precision Narrow, rounding to odd (vector).

FCVTZS (scalar, fixed-point): Floating-point Convert to Signed fixed-point, rounding toward Zero (scalar).

FCVTZS (scalar, integer): Floating-point Convert to Signed integer, rounding toward Zero (scalar).

FCVTLZS (vector, fixed-point): Floating-point Convert to Signed fixed-point, rounding toward Zero (vector).
FCVTLZS (vector, integer): Floating-point Convert to Signed integer, rounding toward Zero (vector).

FCVTZU (scalar, fixed-point): Floating-point Convert to Unsigned fixed-point, rounding toward Zero (scalar).

FCVTZU (scalar, integer): Floating-point Convert to Unsigned integer, rounding toward Zero (scalar).

FCVTZU (vector, fixed-point): Floating-point Convert to Unsigned fixed-point, rounding toward Zero (vector).

FCVTZU (vector, integer): Floating-point Convert to Unsigned integer, rounding toward Zero (vector).
FDIV (scalar): Floating-point Divide (scalar).

FDIV (vector): Floating-point Divide (vector).

FICVTZS: Floating-point Javascript Convert to Signed fixed-point, rounding toward Zero.

FMADD: Floating-point fused Multiply-Add (scalar).

FMAX (scalar): Floating-point Maximum (scalar).

FMAX (vector): Floating-point Maximum (vector).

FMAXNM (scalar): Floating-point Maximum Number (scalar).

FMAXNM (vector): Floating-point Maximum Number (vector).

FMAXNMP (scalar): Floating-point Maximum Number of Pair of elements (scalar).

FMAXNMP (vector): Floating-point Maximum Number Pairwise (vector).
FMAXNMV: Floating-point Maximum Number across Vector.

FMAXP (scalar): Floating-point Maximum of Pair of elements (scalar).
FMAXP (vector): Floating-point Maximum Pairwise (vector).

FMAXYV: Floating-point Maximum across Vector.

EMIN (scalar): Floating-point Minimum (scalar).
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A64 -- SIMD and Floating-point Instructions (alphabetic order)

FMIN (vector): Floating-point minimum (vector).

FMINNM (scalar): Floating-point Minimum Number (scalar).

FMINNM (vector): Floating-point Minimum Number (vector).

FMINNMP (scalar): Floating-point Minimum Number of Pair of elements (scalar).
FMINNMP (vector): Floating-point Minimum Number Pairwise (vector).
FMINNMYV: Floating-point Minimum Number across Vector.

EMINP (scalar): Floating-point Minimum of Pair of elements (scalar).

FMINP (vector): Floating-point Minimum Pairwise (vector).

EMINV: Floating-point Minimum across Vector.

FMLA (by element): Floating-point fused Multiply-Add to accumulator (by element).

FMLA (vector): Floating-point fused Multiply-Add to accumulator (vector).

FMLAL, FMLALZ2 (by element): Floating-point fused Multiply-Add Long to accumulator (by element).

FMLAL, FMLALZ2 (vector): Floating-point fused Multiply-Add Long to accumulator (vector).

FMLS (by element): Floating-point fused Multiply-Subtract from accumulator (by element).

FMLS (vector): Floating-point fused Multiply-Subtract from accumulator (vector).

FMLSL, FMLSL2 (by element): Floating-point fused Multiply-Subtract Long from accumulator (by element).

FMLSL, FMLSL2 (vector): Floating-point fused Multiply-Subtract Long from accumulator (vector).

FMOV (general): Floating-point Move to or from general-purpose register without conversion.
EMOV (register): Floating-point Move register without conversion.
FMOV (scalar, immediate): Floating-point move immediate (scalar).

FMOV (vector, immediate): Floating-point move immediate (vector).

EMSUB: Floating-point Fused Multiply-Subtract (scalar).

FMUL (by element): Floating-point Multiply (by element).

FMUL (scalar): Floating-point Multiply (scalar).

FMUL (vector): Floating-point Multiply (vector).

FMULX: Floating-point Multiply extended.

FMULX (by element): Floating-point Multiply extended (by element).
FNEG (scalar): Floating-point Negate (scalar).

FNEG (vector): Floating-point Negate (vector).

FNMADD: Floating-point Negated fused Multiply-Add (scalar).
FNMSUB: Floating-point Negated fused Multiply-Subtract (scalar).
FNMUL (scalar): Floating-point Multiply-Negate (scalar).
FRECPE: Floating-point Reciprocal Estimate.

FRECPS: Floating-point Reciprocal Step.

FRECPX: Floating-point Reciprocal exponent (scalar).

FRINTA (scalar): Floating-point Round to Integral, to nearest with ties to Away (scalar).
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A64 -- SIMD and Floating-point Instructions (alphabetic order)

FRINTA (vector): Floating-point Round to Integral, to nearest with ties to Away (vector).
FRINTI (scalar): Floating-point Round to Integral, using current rounding mode (scalar).
FRINTI (vector): Floating-point Round to Integral, using current rounding mode (vector).
FRINTM (scalar): Floating-point Round to Integral, toward Minus infinity (scalar).
FRINTM (vector): Floating-point Round to Integral, toward Minus infinity (vector).
FRINTN (scalar): Floating-point Round to Integral, to nearest with ties to even (scalar).
FRINTN (vector): Floating-point Round to Integral, to nearest with ties to even (vector).
FRINTP (scalar): Floating-point Round to Integral, toward Plus infinity (scalar).

FRINTP (vector): Floating-point Round to Integral, toward Plus infinity (vector).
FRINTX (scalar): Floating-point Round to Integral exact, using current rounding mode (scalar).
FRINTX (vector): Floating-point Round to Integral exact, using current rounding mode (vector).
FRINTZ (scalar): Floating-point Round to Integral, toward Zero (scalar).

FRINTZ (vector): Floating-point Round to Integral, toward Zero (vector).

FRSQRTE: Floating-point Reciprocal Square Root Estimate.

FRSQRTS: Floating-point Reciprocal Square Root Step.

FSQRT (scalar): Floating-point Square Root (scalar).

FSQRT (vector): Floating-point Square Root (vector).

FSUB (scalar): Floating-point Subtract (scalar).

FSUB (vector): Floating-point Subtract (vector).

INS (element): Insert vector element from another vector element.

INS (general): Insert vector element from general-purpose register.

LD1 (multiple structures): Load multiple single-element structures to one, two, three, or four registers.

LD1 (single structure): Load one single-element structure to one lane of one register.

LDIR: Load one single-element structure and Replicate to all lanes (of one register).

LD2 (multiple structures): Load multiple 2-element structures to two registers.

LD2 (single structure): Load single 2-element structure to one lane of two registers.

LD2R: Load single 2-element structure and Replicate to all lanes of two registers.

LD3 (multiple structures): Load multiple 3-element structures to three registers.

LD3 (single structure): Load single 3-element structure to one lane of three registers).

LD3R: Load single 3-element structure and Replicate to all lanes of three registers.

LD4 (multiple structures): Load multiple 4-element structures to four registers.

LD4 (single structure): Load single 4-element structure to one lane of four registers.

LDA4R: Load single 4-element structure and Replicate to all lanes of four registers.
LDNP (SIMD&EFP): Load Pair of SIMD&FP registers, with Non-temporal hint.
LDP (SIMD&FP): Load Pair of SIMD&FP registers.

LDR (immediate, SIMD&FP): Load SIMD&FP Register (immediate offset).
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A64 -- SIMD and Floating-point Instructions (alphabetic order)

LDR (literal, SIMD&FP): Load SIMD&FP Register (PC-relative literal).

LDR (register, SIMD&FP): Load SIMD&FP Register (register offset).

LDUR (SIMD&EFP): Load SIMD&FP Register (unscaled offset).

MLA (by element): Multiply-Add to accumulator (vector, by element).

MLA (vector): Multiply-Add to accumulator (vector).

MLS (by element): Multiply-Subtract from accumulator (vector, by element).

MLS (vector): Multiply-Subtract from accumulator (vector).

MOV (element): Move vector element to another vector element: an alias of INS (element).
MOV (from general): Move general-purpose register to a vector element: an alias of INS (general).
MOV (scalar): Move vector element to scalar: an alias of DUP (element).

MOV (to general): Move vector element to general-purpose register: an alias of UMOV.
MOV (vector): Move vector: an alias of ORR (vector, register).

MOVI: Move Immediate (vector).

MUL (by element): Multiply (vector, by element).

MUL (vector): Multiply (vector).

MVN: Bitwise NOT (vector): an alias of NOT.
MVNI: Move inverted Immediate (vector).

NEG (vector): Negate (vector).

NOT: Bitwise NOT (vector).

ORN (vector): Bitwise inclusive OR NOT (vector).

ORR (vector, immediate): Bitwise inclusive OR (vector, immediate).

ORR (vector, register): Bitwise inclusive OR (vector, register).
PMUL: Polynomial Multiply.

PMULL, PMULLZ2: Polynomial Multiply Long.

RADDHN, RADDHN2: Rounding Add returning High Narrow.
RAXI1: Rotate and Exclusive OR.

RBIT (vector): Reverse Bit order (vector).

REV16 (vector): Reverse elements in 16-bit halfwords (vector).
REV32 (vector): Reverse elements in 32-bit words (vector).
REV64: Reverse elements in 64-bit doublewords (vector).
RSHRN, RSHRN2: Rounding Shift Right Narrow (immediate).
RSUBHN, RSUBHN2: Rounding Subtract returning High Narrow.
SABA: Signed Absolute difference and Accumulate.

SABAL. SABAL2: Signed Absolute difference and Accumulate Long.

SABD: Signed Absolute Difference.

SABDL. SABDL2: Signed Absolute Difference Long.
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A64 -- SIMD and Floating-point Instructions (alphabetic order)

SADALP: Signed Add and Accumulate Long Pairwise.
SADDL, SADDL2: Signed Add Long (vector).
SADDLP: Signed Add Long Pairwise.

SADDLV: Signed Add Long across Vector.

SADDW, SADDW?2: Signed Add Wide.

SCVTE (scalar, fixed-point): Signed fixed-point Convert to Floating-point (scalar).

SCVTFE (scalar, integer): Signed integer Convert to Floating-point (scalar).

SCVTF (vector, fixed-point): Signed fixed-point Convert to Floating-point (vector).
SCVTF (vector, integer): Signed integer Convert to Floating-point (vector).
SDOT (by element): Dot Product signed arithmetic (vector, by element).
SDOT (vector): Dot Product signed arithmetic (vector).

SHA1C: SHA1 hash update (choose).

SHA1H: SHAI fixed rotate.

SHAIM: SHAT1 hash update (majority).

SHAI1P: SHA1 hash update (parity).

SHA1SUQ: SHAT1 schedule update 0.

SHA1SU1: SHAT1 schedule update 1.

SHA256H: SHA256 hash update (part 1).

SHA256H2: SHA256 hash update (part 2).

SHA256SUQ: SHA256 schedule update 0.

SHA256SU1: SHA256 schedule update 1.

SHAS12H: SHA512 Hash update part 1.

SHAS512H2: SHA512 Hash update part 2.

SHA512SUO: SHA512 Schedule Update 0.

SHAS512SU1: SHA512 Schedule Update 1.

SHADD: Signed Halving Add.

SHL: Shift Left (immediate).

SHLL, SHLL2: Shift Left Long (by element size).

SHRN, SHRN2: Shift Right Narrow (immediate).

SHSUB: Signed Halving Subtract.

SLI: Shift Left and Insert (immediate).

SM3PARTWI1: SM3PARTWI1.

SM3PARTW2: SM3PARTW?2.

SM3SS1: SM3SSI.

SM3TTI1A: SM3TT1A.

SM3TTI1B: SM3TTI1B.
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A64 -- SIMD and Floating-point Instructions (alphabetic order)

SM3TT2A: SM3TT2A.

SM3TT2B: SM3TT2B.

SMA4E: SM4 Encode.

SM4EKEY: SM4 Key.

SMAX: Signed Maximum (vector).
SMAXP: Signed Maximum Pairwise.
SMAXYV: Signed Maximum across Vector.
SMIN: Signed Minimum (vector).
SMINP: Signed Minimum Pairwise.
SMINV: Signed Minimum across Vector.

SMLAL, SMLAL2 (by element): Signed Multiply-Add Long (vector, by element).

SMLAL, SMLAL2 (vector): Signed Multiply-Add Long (vector).

SMLSL, SMLSL2 (by element): Signed Multiply-Subtract Long (vector, by element).

SMLSL, SMLSL2 (vector): Signed Multiply-Subtract Long (vector).

SMOV: Signed Move vector element to general-purpose register.

SMULL, SMULL2 (by element): Signed Multiply Long (vector, by element).

SMULL, SMULL2 (vector): Signed Multiply Long (vector).

SQABS: Signed saturating Absolute value.
SQADD: Signed saturating Add.

SODMLAL, SODMLAL2 (by element): Signed saturating Doubling Multiply-Add Long (by element).

SODMLAL, SODMLAL2 (vector): Signed saturating Doubling Multiply-Add Long.

SODMLSL, SODMLSI 2 (by element): Signed saturating Doubling Multiply-Subtract Long (by element).

SODMLSL, SODMLSIL 2 (vector): Signed saturating Doubling Multiply-Subtract Long.

SQDMULH (by element): Signed saturating Doubling Multiply returning High half (by element).
SQDMULH (vector): Signed saturating Doubling Multiply returning High half.

SODMULL, SODMULL2 (by element): Signed saturating Doubling Multiply Long (by element).

SODMULL, SQDMULL?2 (vector): Signed saturating Doubling Multiply Long.

SQNEG: Signed saturating Negate.

SQRDMLAH (by element): Signed Saturating Rounding Doubling Multiply Accumulate returning High Half (by element).
SQRDMLAH (vector): Signed Saturating Rounding Doubling Multiply Accumulate returning High Half (vector).
SQRDMLSH (by element): Signed Saturating Rounding Doubling Multiply Subtract returning High Half (by element).
SQRDMLSH (vector): Signed Saturating Rounding Doubling Multiply Subtract returning High Half (vector).
SQRDMULH (by element): Signed saturating Rounding Doubling Multiply returning High half (by element).
SQRDMULH (vector): Signed saturating Rounding Doubling Multiply returning High half.

SQRSHL: Signed saturating Rounding Shift Left (register).

SQRSHRN, SQRSHRN2: Signed saturating Rounded Shift Right Narrow (immediate).
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A64 -- SIMD and Floating-point Instructions (alphabetic order)

SQRSHRUN, SQRSHRUN?2: Signed saturating Rounded Shift Right Unsigned Narrow (immediate).
SQSHL (immediate): Signed saturating Shift Left (immediate).

SQSHL (register): Signed saturating Shift Left (register).

SQSHLU: Signed saturating Shift Left Unsigned (immediate).

SQSHRN, SQSHRN2: Signed saturating Shift Right Narrow (immediate).

SQSHRUN, SQSHRUN2: Signed saturating Shift Right Unsigned Narrow (immediate).
SQSUB: Signed saturating Subtract.

SQXTN, SQXTN?2: Signed saturating extract Narrow.

SQXTUN, SQXTUN2: Signed saturating extract Unsigned Narrow.

SRHADD: Signed Rounding Halving Add.

SRI: Shift Right and Insert (immediate).

SRSHL: Signed Rounding Shift Left (register).

SRSHR: Signed Rounding Shift Right (immediate).

SRSRA: Signed Rounding Shift Right and Accumulate (immediate).

SSHL: Signed Shift Left (register).

SSHLL, SSHLL2: Signed Shift Left Long (immediate).

SSHR: Signed Shift Right (immediate).

SSRA: Signed Shift Right and Accumulate (immediate).

SSUBL, SSUBL2: Signed Subtract Long.

SSUBW, SSUBW?2: Signed Subtract Wide.

ST1 (multiple structures): Store multiple single-element structures from one, two, three, or four registers.

ST1 (single structure): Store a single-element structure from one lane of one register.

ST2 (multiple structures): Store multiple 2-element structures from two registers.

ST2 (single structure): Store single 2-element structure from one lane of two registers.

ST3 (multiple structures): Store multiple 3-element structures from three registers.

ST3 (single structure): Store single 3-element structure from one lane of three registers.

ST4 (multiple structures): Store multiple 4-element structures from four registers.

ST4 (single structure): Store single 4-element structure from one lane of four registers.

STNP (SIMD&EP): Store Pair of SIMD&FP registers, with Non-temporal hint.
STP (SIMD&EP): Store Pair of SIMD&FP registers.

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

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

STUR (SIMD&EFEP): Store SIMD&FP register (unscaled offset).
SUB (vector): Subtract (vector).
SUBHN, SUBHN2: Subtract returning High Narrow.

SUQADD: Signed saturating Accumulate of Unsigned value.
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A64 -- SIMD and Floating-point Instructions (alphabetic order)

SXTL, SXTL2: Signed extend Long: an alias of SSHLL, SSHLL2.
TBL: Table vector Lookup.

TBX: Table vector lookup extension.

TRN1: Transpose vectors (primary).

TRN2: Transpose vectors (secondary).

UABA: Unsigned Absolute difference and Accumulate.

UABAL. UABAL2: Unsigned Absolute difference and Accumulate Long.

UABD: Unsigned Absolute Difference (vector).

UABDL. UABDL2: Unsigned Absolute Difference Long.

UADALP: Unsigned Add and Accumulate Long Pairwise.
UADDL, UADDL2: Unsigned Add Long (vector).
UADDLP: Unsigned Add Long Pairwise.

UADDLV: Unsigned sum Long across Vector.

UADDW, UADDW?2: Unsigned Add Wide.

UCVTE (scalar, fixed-point): Unsigned fixed-point Convert to Floating-point (scalar).

UCVTE (scalar, integer): Unsigned integer Convert to Floating-point (scalar).

UCVTF (vector, fixed-point): Unsigned fixed-point Convert to Floating-point (vector).
UCVTF (vector, integer): Unsigned integer Convert to Floating-point (vector).

UDOT (by element): Dot Product unsigned arithmetic (vector, by element).

UDOT (vector): Dot Product unsigned arithmetic (vector).
UHADD: Unsigned Halving Add.

UHSUB: Unsigned Halving Subtract.

UMAX: Unsigned Maximum (vector).

UMAXP: Unsigned Maximum Pairwise.

UMAXYV: Unsigned Maximum across Vector.

UMIN: Unsigned Minimum (vector).

UMINP: Unsigned Minimum Pairwise.

UMINV: Unsigned Minimum across Vector.

UMLAL, UMLAL2 (by element): Unsigned Multiply-Add Long (vector, by element).

UMLAL, UMLAL2 (vector): Unsigned Multiply-Add Long (vector).

UMLSL, UMLSL2 (by element): Unsigned Multiply-Subtract Long (vector, by element).

UMLSL, UMLSL2 (vector): Unsigned Multiply-Subtract Long (vector).

UMOV: Unsigned Move vector element to general-purpose register.

UMULL, UMULL2 (by element): Unsigned Multiply Long (vector, by element).

UMULL, UMULL2 (vector): Unsigned Multiply long (vector).

UQADD: Unsigned saturating Add.
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A64 -- SIMD and Floating-point Instructions (alphabetic order)

UQRSHL: Unsigned saturating Rounding Shift Left (register).
UQRSHRN, UQRSHRN2: Unsigned saturating Rounded Shift Right Narrow (immediate).
UQSHL (immediate): Unsigned saturating Shift Left (immediate).
UQSHL (register): Unsigned saturating Shift Left (register).

UQSHRN, UQSHRN?2: Unsigned saturating Shift Right Narrow (immediate).
UQSUB: Unsigned saturating Subtract.

UQXTN, UQXTN2: Unsigned saturating extract Narrow.

URECPE: Unsigned Reciprocal Estimate.

URHADD: Unsigned Rounding Halving Add.

URSHL: Unsigned Rounding Shift Left (register).

URSHR: Unsigned Rounding Shift Right (immediate).

URSQRTE: Unsigned Reciprocal Square Root Estimate.

URSRA: Unsigned Rounding Shift Right and Accumulate (immediate).
USHL: Unsigned Shift Left (register).

USHLL, USHLL2: Unsigned Shift Left Long (immediate).

USHR: Unsigned Shift Right (immediate).

USQADD: Unsigned saturating Accumulate of Signed value.

USRA: Unsigned Shift Right and Accumulate (immediate).

USUBL, USUBL2: Unsigned Subtract Long.

USUBW, USUBW?2: Unsigned Subtract Wide.

UXTL, UXTL2: Unsigned extend Long: an alias of USHLL, USHLL2.
UZP1: Unzip vectors (primary).

UZP2: Unzip vectors (secondary).

XAR: Exclusive OR and Rotate.

XTN, XTN2: Extract Narrow.

ZIP1: Zip vectors (primary).

ZIP2: Zip vectors (secondary).
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ADC

Add with Carry adds two register values and the Carry flag value, and writes the result to the destination 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

Ist/[o[0[1 1 0 1 0 0 0 O] Rm |0 0 0 0 0 O] Rn | Rd |
op S
32-bit (sf == 0)

ADC <Wd>, <Wn>, <Wm>
64-bit (sf == 1)

ADC <Xd>, <Xn>, <Xm>

integer d = Ulnt (Rd
integer n = UInt (Rn
integer m = UInt (Rm);
{
\

integer datasize f sf == '"1l' then 64 else 32;integer datasi = 3£ sf — '1' then 64 else 327

b 1 an ol - — —_ T vy .

= ES\S=ws e = /7

b 1 an caot+tflaona S —— V]V .

| S (FES IS = =y

Assembler Symbols

<Wd> Is the 32-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Wn> Is the 32-bit name of the first general-purpose source register, encoded in the "Rn" field.
<Wm> Is the 32-bit name of the second general-purpose source register, encoded in the "Rm" field.
<Xd> Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Xn> Is the 64-bit name of the first general-purpose source register, encoded in the "Rn" field.
<Xm> Is the 64-bit name of the second general-purpose source register, encoded in the "Rm" field.

Operation

bits(datasize) result;
bits(datasize) operandl =
bits(datasize) operand?2

bits{4)—nzcvs

(result, -) =if—sub—epthen
—operand2—NOoT{operand2)+

Hresutt, nzev) = AddWithCarry(operandl, operand2, PSTATE.C) ; 7 7 )

Operational information

If PSTATE.DIT is 1:

* 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:
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o The values of the data supplied in any of its registers.
o The values of the NZCV flags.
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ISA v84A A64 xml 00bet7 htmldiff from- (new)
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ADCS

Add with Carry, setting flags, adds two register values and the Carry flag value, and writes the result to the destination register. It updates the
condition flags based on the result.

31 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

Isf[o[1]1 1 0 1 0 0 0 O] Rm |0 0 0 0 0 O] Rn | Rd |
op S
32-bit (sf == 0)

ADCS <Wd>, <Wn>, <Wm>

64-bit (sf == 1)

ADCS <Xd>, <Xn>, <Xm>

integer d = Ulnt (Rd
integer n = UInt (Rn
integer m = UInt (Rm);
{
\

integer datasize f sf == '"1' then 64 else 32;integer datast = if sf == '1' then 64 else 327

b 1 an ol . — —_ Ty .

£, = AC s g0 —op =77

b 1 an caot+tflaooaa S —— V]V .

| S (FES IS = =y

Assembler Symbols

<Wd> Is the 32-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Wn> Is the 32-bit name of the first general-purpose source register, encoded in the "Rn" field.
<Wm> Is the 32-bit name of the second general-purpose source register, encoded in the "Rm" field.
<Xd> Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Xn> Is the 64-bit name of the first general-purpose source register, encoded in the "Rn" field.
<Xm> Is the 64-bit name of the second general-purpose source register, encoded in the "Rm" field.
Operation

bits(datasize) result;

bits (datasize) operandl = X[n];

bits (datasize) operand2 = X[m];

bits(4) nzcv;

+f—sub—op—then

——operand2— NOT-(operand2)s

(result, nzcv) = AddWithCarry (operandl, operand2, PSTATE.C);

PSTATE.<N, Z,C,V> = nzcv;if setflags then—
— PSTATE <N 4, V>—hnzev;

X[d] = result;
Operational information

If PSTATE.DIT is 1:
» The execution time of this instruction is independent of:
o The values of the data supplied in any of its registers.
o The values of the NZCV flags.
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* The response of this instruction to asynchronous exceptions does not vary based on:
o The values of the data supplied in any of its registers.
o The values of the NZCV flags.
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(01d) ISA_v84A A64_xml OObet7  ISA v84A A64 xml OObet7 OPT

ADD (extended register)

Add (extended register) adds a register value and a sign or zero-extended register value, followed by an optional left shift amount, and writes the
result to the destination register. The argument that is extended from the <Rm> register can be a byte, halfword, word, or doubleword.

31 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

IsfloJoJo 1 0 1 1[0 o[1] Rm | option | imm3 | Rn | Rd |
op S
32-bit (sf == 0)

ADD <Wd|WSP>, <Wn|WSP>, <Wm>{, <extend> {#<amount>}}

64-bit (sf == 1)

ADD <Xd|SP>, <Xn|SP>, <R><m>{, <extend> {#<amount>}}

integer UInt (Rd) ;

integer = UInt (Rn);

integer = UInt (Rm) ;

integer datasize = if sf == 'l' then 64 else 32;integer datast = 3£ sf — '"1' then 64 else 327
b il an 1 n = (o —— 17 1) .

boolean—sub—op top 1)

b il an oot flaoqye — (@ —— VT .

boolean tflag (S 11y

ExtendType extend type = DecodeRegExtend(option);
integer shift = Ulnt (imm3);
if shift > 4 then ReservedValue();

Assembler Symbols

<Wd|WSP>
<Wn|WSP>
<Wm>
<Xd|SP>
<Xn|SP>

<R>

<m>

<extend>

Is the 32-bit name of the destination general-purpose register or stack pointer, encoded in the "Rd" field.
Is the 32-bit name of the first source general-purpose register or stack pointer, encoded in the "Rn" field.
Is the 32-bit name of the second general-purpose source register, encoded in the "Rm" field.

Is the 64-bit name of the destination general-purpose register or stack pointer, encoded in the "Rd" field.

Is the 64-bit name of the first source general-purpose register or stack pointer, encoded in the "Rn" field.

Is a width specifier, encoded in “option™:

option <R>

00x W
010 W
x11 X
10x W
110 W

Is the number [0-30] of the second general-purpose source register or the name ZR (31), encoded in the "Rm" field.

For the 32-bit variant: is the extension to be applied to the second source operand, encoded in “option”:

option <extend>
000 UXTB
001 UXTH
010 LSL | UXTW
011 UXTX
100 SXTB
101 SXTH
110 SXTW
111 SXTX

If"Rd" or "Rn" is '11111' (WSP) and "option" is '010' then LSL is preferred, but may be omitted when "imm3" is '000'". In all other
cases <extend> is required and must be UXTW when "option" is '010'.

For the 64-bit variant: is the extension to be applied to the second source operand, encoded in “option”:
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option <extend>

000 UXTB
001 UXTH
010 UXTW
011 LSL|UXTX
100 SXTB
101 SXTH
110 SXTW
111 SXTX

If "Rd" or "Rn" is '11111' (SP) and "option" is '011' then LSL is preferred, but may be omitted when "imm3" is '000'. In all other
cases <extend> is required and must be UXTX when "option" is '011".

<amount> Is the left shift amount to be applied after extension in the range 0 to 4, defaulting to 0, encoded in the "imm3" field. It must
be absent when <extend> is absent, is required when <extend> is LSL, and is optional when <extend> is present but not
LSL.

Operation

bits (datasize) result;

bits (datasize) operandl = if n == 31 then SP[] else X[n];
bits(datasize) operand2 = ExtendReg(m, extend type, shift);
bits{4) nzecvy

ba‘t eaEEEl_jB.

H{resultt;,nzev)— AddWithCarry(operandl, operand2, '0');
+{operandl;—operand2—carry—in)i

if d == 31 thenif setflags then—

— PSTATE <N %, CV>—nzev;

£ d — 31 && lsetflags then
SP[] = result;

else
X[d] = result;

Operational information

If PSTATE.DIT is 1:

* 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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ISA v84A A64 xml 00bet7

ADD (immediate)

htmldiff from-
(old) ISA v84A A64 _xml OObet7

(new)

ISA v84A A64 xml 00bet7 OPT

Add (immediate) adds a register value and an optionally-shifted immediate value, and writes the result to the destination register.

This instruction is used by the alias MOV (to/from SP).

31 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
Isf[o[0[1 0 0 0 1] shift | imm12 | Rn | Rd |
op S
32-bit (sf == 0)
ADD <Wd|WSP>, <Wn|WSP>, #<imm>{, <shift>}
64-bit (sf == 1)
ADD <Xd|SP>, <Xn|SP>, #<imm>{, <shift>}
integer d = UInt (Rd);
integer n = UInt (Rn);
integer datasize = if sf == 'l' then 64 else 32;
b 1 an ol n = (A —— V]V .
© =Catt cTo—OP ToF =77
b 1 an caotflaoyo — (Q —— VIV .
S, =S teTErag = =77
bits (datasize) imm;
case shift of
when '00' imm = ZeroExtend(imml2, datasize);
when '01' imm = ZeroExtend (imml2:{Gmml2 :7ecros (12), datasize);
when 'lx' ReservedValue();
Assembler Symbols
<Wd|WSP> Is the 32-bit name of the destination general-purpose register or stack pointer, encoded in the "Rd" field.
<Wn|WSP> Is the 32-bit name of the source general-purpose register or stack pointer, encoded in the "Rn" field.
<Xd|SP> Is the 64-bit name of the destination general-purpose register or stack pointer, encoded in the "Rd" field.
<Xn|SP> Is the 64-bit name of the source general-purpose register or stack pointer, encoded in the "Rn" field.
<imm> Is an unsigned immediate, in the range 0 to 4095, encoded in the "imm12" field.
<shift> Is the optional left shift to apply to the immediate, defaulting to LSL #0 and encoded in “shift”:
shift <shift>
00 LSL #0
01 LSL #12
1x RESERVED
Alias Conditions
Alias Is preferred when
MOV (to/ shift == '00' && imml2 == '000000000000' && (Rd == '11111' || Rn == '11111"')
from SP
ADD (immediate)
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Operation

bits(datasize) result;
bits(datasize) operandl = if n == 31 then SP[] else X[n];

(result,

AddWithCarry (operandl, imm, '0');

if d == 31 then

SP[] = result;
else
X[d] = result;

Operational information

If PSTATE.DIT is 1:
¢ The execution time of this instruction is independent of:
o The values of the data supplied in any of its registers.
o The values of the NZCV flags.
* The response of this instruction to asynchronous exceptions does not vary based on:
o The values of the data supplied in any of its registers.
o The values of the NZCV flags.
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ADD (shifted register)

Add (shifted register) adds a register value and an optionally-shifted register value, and writes the result to the destination 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

IsfloJoJo 1 0 1 1] shit [0] Rm imm6 | Rn | Rd |
op S
32-bit (sf == 0)

ADD <Wd>, <Wn>, <Wm>{, <shift> #<amount>}

64-bit (sf == 1)

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

integer d = UInt(Rd);

integer n = UInt (Rn);

integer m = UInt (Rm);

integer datasize = if sf == 'l' then 64 else 32;

b il an o1l n = (o —— 17TV .

ESS S 9o —op o 17

b il an oot flaoqye — (@ —— VT .

S} =S oy A =77

if shift == '11' then ReservedValue();

if sf == '0' && imm6<5> == 'l1' then ReservedValue () ;

ShiftType shift type = DecodeShift (shift);
integer shift amount = UInt (imm6) ;

Assembler Symbols

<Wd> Is the 32-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Wn> Is the 32-bit name of the first general-purpose source register, encoded in the "Rn" field.
<Wm> Is the 32-bit name of the second general-purpose source register, encoded in the "Rm" field.
<Xd> Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Xn> Is the 64-bit name of the first general-purpose source register, encoded in the "Rn" field.
<Xm> Is the 64-bit name of the second general-purpose source register, encoded in the "Rm" field.
<shift> Is the optional shift type to be applied to the second source operand, defaulting to LSL and encoded in “shift”:
shift <shift>
00 LSL
01 LSR
10 ASR
11 RESERVED
<amount> For the 32-bit variant: is the shift amount, in the range 0 to 31, defaulting to 0 and encoded in the "imm6" field.

For the 64-bit variant: is the shift amount, in the range 0 to 63, defaulting to 0 and encoded in the "imm6" field.
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Operation

bits (datasize) result;
bits(datasize) operandl X[n];
bits(datasize) operand2 = ShiftReg(m, shift type, shift amount);

(result,

AddWithCarry (operandl, operand2, '0');{epesandl,operand2, ecarey in);

X[d] = result;
Operational information

If PSTATE.DIT is 1:
* 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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ISA v84A A64 xml 00bet7

htmldiff from-

ADDP (scalar)

Add Pair of elements (scalar). This instruction adds two vector elements in the source SIMD&FP register and writes the scalar result into the

(new)

(01d) ISA_v84A A64_xml OObet7  ISA v84A A64 xml OObet7 OPT

destination SIMD&FP register.

Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an

attempt to execute the instruction might be trapped.

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

7

2

[0 1]of1 1 1

0[size[1 1 0 0 0[1 1 0 1 1[1 0]

Rn

Rd

Advanced SIMD

ADDP <V><d>, <Vn>.<T>
integer d = UInt(Rd);
integer n = UInt(Rn);

if size != '11"

integer esize =
integer datasize

then Reservedvalue () ;

8 << UlInt (size);

= esize * 2;integer datasize = esize * 2;

fnteger—elements——=27ReduceOp—op—ReduceOp ADD;

Assembler Symbols

<V> Is the destination width specifier, encoded in “size”:
size <V>
0x RESERVED
10 RESERVED
11 D
<d> Is the number of the SIMD&FP destination register, encoded in the "Rd" field.
<Vn> Is the name of the SIMD&FP source register, encoded in the "Rn" field.
<T> Is the source arrangement specifier, encoded in “size”:
size <T>
0x RESERVED
10 RESERVED
11 2D
Operation

CheckFPAdvSIMDEnabled64 ()

bits (datasize)

operand = V[n];

V[d] = Reduce (fepr—operand;,—esize)iReduceOp ADD, operand, esize);

Operational information

If PSTATE.DIT is 1:

* The execution time of this instruction is independent of:
o The values of the data supplied in any of its registers.
o The values of the NZCV flags.
» The response of this instruction to asynchronous exceptions does not vary based on:
o The values of the data supplied in any of its registers.
o The values of the NZCV flags.
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ADDS (extended register)

Add (extended register), setting flags, adds a register value and a sign or zero-extended register value, followed by an optional left shift amount,
and writes the result to the destination register. The argument that is extended from the <Rm> register can be a byte, halfword, word, or
doubleword. It updates the condition flags based on the result.

This instruction is used by the alias CMN (extended register).

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
Isflo]1]0 1 0 1 1]0 0[1] Rm | option | imm3 | Rn | Rd |
op S

32-bit (sf == 0)
ADDS <Wd>, <Wn|WSP>, <Wm>{, <extend> {#<amount>}}
64-bit (sf == 1)

ADDS <Xd>, <Xn|SP>, <R><m>{, <extend> {#<amount>}}

integer d = UlInt (Rd
integer n = UInt (Rn
integer m = UInt (Rm);
integer datasize =
{
\

b lean cub o=
£, = AC s g0 —op

b lean cetflaoa
ES, = AC s t oG

ExtendType extend type = DecodeRegExtend(option);
integer shift = Ulnt (imm3);
if shift > 4 then ReservedValue();

Assembler Symbols

<Wd> Is the 32-bit name of the general-purpose destination register, encoded in the "Rd" field.

<Wn|WSP> Is the 32-bit name of the first source general-purpose register or stack pointer, encoded in the "Rn" field.
<Wm> Is the 32-bit name of the second general-purpose source register, encoded in the "Rm" field.

<Xd> Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.

<Xn|SP> Is the 64-bit name of the first source general-purpose register or stack pointer, encoded in the "Rn" field.
<R> Is a width specifier, encoded in “option™:

option <R>

00x W

010 W

x11 X

10x W

110 W
<m> Is the number [0-30] of the second general-purpose source register or the name ZR (31), encoded in the "Rm" field.
<extend> For the 32-bit variant: is the extension to be applied to the second source operand, encoded in “option”:

option <extend>

000 UXTB

001 UXTH

010 LSL|UXTW

011 UXTX

100 SXTB

101 SXTH

110 SXTW

111 SXTX

ADDS (extended register) Page 35


ISA_v84A_A64_xml_00bet7/xhtml/adds_addsub_ext.html
ISA_v84A_A64_xml_00bet7/xhtml/adds_addsub_ext.html
ISA_v84A_A64_xml_00bet7_OPT/xhtml/adds_addsub_ext.html
ISA_v84A_A64_xml_00bet7_OPT/xhtml/adds_addsub_ext.html
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/cmn_adds_addsub_ext.html
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#ExtendType
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-aarch64.DecodeRegExtend.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.ReservedValue.0

If "Rn" is '11111' (WSP) and "option" is '010' then LSL is preferred, but may be omitted when "imm3" is '000'. In all other cases
<extend> is required and must be UXTW when "option" is '010".

For the 64-bit variant: is the extension to be applied to the second source operand, encoded in “option”:

option <extend>
000 UXTB
001 UXTH
010 UXTW
011 LSL | UXTX
100 SXTB
101 SXTH
110 SXTW
111 SXTX

If"Rn" is '11111' (SP) and "option" is '011' then LSL is preferred, but may be omitted when "imm3" is '000'. In all other cases
<extend> is required and must be UXTX when "option" is '011".

<amount> Is the left shift amount to be applied after extension in the range 0 to 4, defaulting to 0, encoded in the "imm3" field. It must
be absent when <extend> is absent, is required when <extend> is LSL, and is optional when <extend> is present but not
LSL.

Alias Conditions

Alias Is preferred when
CMN (extended register) Rd == "'"11111"
Operation

bits (datasize) result;

(
bits (datasize) operandl = if n == 31 then SP[] else X[n];
bits(datasize) operand2 = ExtendReg(m, extend type, shift);
bits(4) nzcv;
+f—sub—op—then

operand2 = NOT (operand2);

caryrsz 91— V0.

arEry—it 1t
else

oYYz o1n — TNt .

\AJ—A—_Y_J—‘- 4
(result, nzcv) = AddWithCarry(operandl, operand2, '0'");

+{operandl;—operand2,—carry—in);
PSTATE.<N,Z,C,V> = nzcv;ifsetflags then—
— PSTATE <N Z, C,V>—nzev;

if d == 31 && !setflags then

SPI} = result;

else
X[d] = result;

Operational information

If PSTATE.DIT is 1:

* The execution time of this instruction is independent of:
o The values of the data supplied in any of its registers.
o The values of the NZCV flags.
* The response of this instruction to asynchronous exceptions does not vary based on:
o The values of the data supplied in any of its registers.
o The values of the NZCV flags.
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ADDS (immediate)

Add (immediate), setting flags, adds a register value and an optionally-shifted immediate value, and writes the result to the destination register. It

updates the condition flags based on the result.

This instruction is used by the alias CMN (immediate).

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

Isflo]1]1 0 0 0 1] shift | imm12 | Rn | Rd |
op S

32-bit (sf == 0)

ADDS <Wd>, <Wn|WSP>, #<imm>{, <shift>}
64-bit (sf == 1)

ADDS <Xd>, <Xn|SP>, #<imm>{, <shift>}

integer d = UlInt (Rd
integer n = UInt (Rn
integer datasize =
{
\

b lean cub o=
£, = AC s =

= '1l'" then 64 else 32;
\i

2
b lean cot
£, = AC s =

bits (datasi

case shift of
when '00' imm = ZeroExtend(imml2, datasize);
when '01' imm = ZeroExtend (imml2:{dmml2 :7ecros(12), datasize);
when 'lx' ReservedValue () ;

Assembler Symbols

<Wd> Is the 32-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Wn|WSP> Is the 32-bit name of the source general-purpose register or stack pointer, encoded in the "Rn" field.
<Xd> Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Xn|SP> Is the 64-bit name of the source general-purpose register or stack pointer, encoded in the "Rn" field.
<imm> Is an unsigned immediate, in the range 0 to 4095, encoded in the "imm12" field.
<shift> Is the optional left shift to apply to the immediate, defaulting to LSL #0 and encoded in “shift”:
shift <shift>

00 LSL #0

01 LSL #12

1x RESERVED

Alias Conditions

Alias Is preferred when
CMN (immediate) Rd == '11111"'

ADDS (immediate)

Page 37


ISA_v84A_A64_xml_00bet7/xhtml/adds_addsub_imm.html
ISA_v84A_A64_xml_00bet7/xhtml/adds_addsub_imm.html
ISA_v84A_A64_xml_00bet7_OPT/xhtml/adds_addsub_imm.html
ISA_v84A_A64_xml_00bet7_OPT/xhtml/adds_addsub_imm.html
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/cmn_adds_addsub_imm.html
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.ZeroExtend.2
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.ZeroExtend.2
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.Zeros.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.ReservedValue.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/cmn_adds_addsub_imm.html

Operation

bits(datasize) result;
bits(datasize) operandl = if n == 31 then SP[] else X[n];

o
e
=
1%
S
5
N
Q
<

(result, nzcv) = AddWithCarry(operandl, imm, '0');

Ig)
n
=
pe
=
=
AN
=
N
Q
<
\
|
=)
N
5}

. 4 4 4

= result;

!
2

Operational information

If PSTATE.DIT is 1:
¢ The execution time of this instruction is independent of:
o The values of the data supplied in any of its registers.
o The values of the NZCV flags.
* The response of this instruction to asynchronous exceptions does not vary based on:
o The values of the data supplied in any of its registers.
o The values of the NZCV flags.
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ADDS (shifted register)

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

This instruction is used by the alias CMN (shifted 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
Isflo]1]0 1 0 1 1] shit [0] Rm | imm6 | Rn | Rd |
op S

32-bit (sf == 0)

ADDS <Wd>, <Wn>, <Wm>{, <shift> #<amount>}

64-bit (sf == 1)

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

integer d = UInt (Rd);

integer n = UInt (Rn);

integer m = UInt (Rm);

integer datasize = if sf == 'l' then 64 else 32;

b il an o1l n = (o —— 17 1) .

ESS S 9o —op o 17

b il an oot flaorye — (@ —— VT .

S} =S oy A =77

if shift == '11' then ReservedValue();

if sf == '0' && imm6<5> == '1' then ReservedValue () ;

ShiftType shift type = DecodeShift (shift);
integer shift amount = UInt (imm6) ;

Assembler Symbols

<Wd> Is the 32-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Wn> Is the 32-bit name of the first general-purpose source register, encoded in the "Rn" field.
<Wm> Is the 32-bit name of the second general-purpose source register, encoded in the "Rm" field.
<Xd> Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Xn> Is the 64-bit name of the first general-purpose source register, encoded in the "Rn" field.
<Xm> Is the 64-bit name of the second general-purpose source register, encoded in the "Rm" field.
<shift> Is the optional shift type to be applied to the second source operand, defaulting to LSL and encoded in “shift”:
shift <shift>
00 LSL
01 LSR
10 ASR
11 RESERVED
<amount> For the 32-bit variant: is the shift amount, in the range 0 to 31, defaulting to 0 and encoded in the "imm6" field.

For the 64-bit variant: is the shift amount, in the range 0 to 63, defaulting to 0 and encoded in the "imm6" field.

Alias Conditions

Alias Is preferred when
CMN (shifted register) Rd == "11111"'
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Operation

datasize) result;
datasize) operandl = X[n];

datasize) operand2 = ShiftReg(m, shift type, shift amount);

(result, nzcv) = AddWithCarry(operandl, operand2, '0');

PSTATE.<N,2,C,V> = nzcv; S sebflags thent

X[d] = result;
Operational information

If PSTATE.DIT is 1:

* 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.

ISA v84A A64 xml OObet?

old
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htmldiff from-
ISA v84A A64 _xml OObet7

ISA v84A A64 xml 0Obet7
(old)

(new)

ISA v84A A64 xml 00bet7 OPT

ADDV

Add across Vector. This instruction adds every vector element in the source SIMD&FP register together, and writes the scalar result to the

destination SIMD&FP register.

Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an

attempt to execute the instruction might be trapped.

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
loJQJoJo 1 1 1 0o]sizz[1 1 0 0 0[1 1 0 1 1[1 0] Rn | Rd |
Advanced SIMD
ADDV <V><d>, <Vn>.<T>

integer d = UInt(Rd);

integer n = UInt(Rn);

if size:Q == '100' then ReservedValue/();

if size == '1l1' then ReservedValue () ;

integer esize = 8 << Ulnt(size);

integer datasize = if Q == 'l' then 128 else 64;integer datasiz if Q== "'1' then 128 else 64

Assembler Symbols

<V> Is the destination width specifier, encoded in “size”:
size <V>
00 B
01 H
10 S
11 RESERVED
<d> Is the number of the SIMD&FP destination register, encoded in the "Rd" field.
<Vn> Is the name of the SIMD&FP source register, encoded in the "Rn" field.
<T> Is an arrangement specifier, encoded in “size:Q”:
size Q <T>
00 0 8B
00 1 16B
01 0 4H
01 1 8H
10 0 RESERVED
10 1 4s
11 X RESERVED
Operation

CheckFPAdvSIMDEnabled64 () ;
bits(datasize) operand = V[n];

V[d] = Reduce (fepr—operand;—esize)iReduceOp ADD, operand,

esize);

Operational information

If PSTATE.DIT is 1:

» 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:

ADDV
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o The values of the data supplied in any of its registers.
o The values of the NZCV flags.
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ISA v84A A64 xml 0Obet7
(old)

ADR

ISA_v84A A64_xml_00bet7

(new)

htmldiff from-
ISA v84A A64 xml 00bet7 OPT

Form PC-relative address adds an immediate value to the PC value to form a PC-relative address, and writes the result to the destination register.

10 9 8 7 6 5 4 3 2 1 0

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

|0 ]immlo|1 0 0 0 0] immhi | Rd |
op

Literal

ADR <Xd>, <label>

integer d = UInt(Rd);
b {

] n Yoo =
—Caht—pPayg T

bits(64) imm;

imm =ifpage—then

ol

—4mm— SignExtend (immhi:immlo,

else

Assembler Symbols

<Xd>

<label>
encoded in "immbhi:immlo".

Operation
bits (64) base = PC[];¥H}#

if page then

se<ll:0> =

=Y
=3

X[d] = base + imm;

ISA v84A A64 xml 00bet7

(old)

64) ; immhirimmlosZeros{1i2)y,—64);

Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.

Is the program label whose address is to be calculated. Its offset from the address of this instruction, in the range +/-1MB, is
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ADRP

Form PC-relative address to 4KB page adds an immediate value that is shifted left by 12 bits, to the PC value to form a PC-relative address, with
the bottom 12 bits masked out, and writes the result to the destination 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
I Rd |

| 1]immlo]1 0 0 0 0] immuhi
op

Literal

ADRP <Xd>, <label>

integer d = UInt(Rd);
i 1 N raer — o —— L LAY
boolean pag {op 1)

bits(64) imm;

imm =ifpage—then

—imm—= SignExtend (immhi:immlo:Zeros (12), 64);32)—64)+
else

Assembler Symbols

<Xd> Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.

<label> Is the program label whose 4KB page address is to be calculated. Its offset from the page address of this instruction, in the
range +/-4GB, is encoded as "immbhi:immlo" times 4096.

Operation

bits(64) base = PC[];

base<11:0> =if page—then

base<ll:0> = 7Zeros(12);
X[d] = base + imm;
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AESD

AES single round decryption.

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
lo 10 011 10[0o0[10100[0O0T1o0[1][1 0] Rn | Rd |
D

Advanced SIMD

AESD <Vd>.16B, <Vn>.16B

integer d = UInt(Rd);
integer n = UInt (Rn);
if !HaveAESExt () then UnallocatedEncoding() ;-6-+

b ] n decrupnt — (1) —— 17 1) .
kSs TCah & EYPt =4 )7

Assembler Symbols

<Vd> Is the name of the SIMD&FP source and destination register, encoded in the "Rd" field.
<Vn> Is the name of the second SIMD&FP source register, encoded in the "Rn" field.
Operation

AArch64.CheckFPAdvSIMDEnabled () ;

bits (128) operandl =
bits (128) operand2 =
bits (128) result;
result = operandl EOR operand?2;

result =if deerypt—then

—resutt— AESInvSubBytes (AESInvShiftRows (result)) ; fresuate) )+
else

-~ result =

ABSSubBytes+{AESShiftRowsH{resultt) )+

V[d] = result;
Operational information

If PSTATE.DIT is 1:

* 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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AESE

AES single round encryption.

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
lo 10 011 10[0o0[10100[00T1o0[0[1 0] Rn | Rd |
D

Advanced SIMD

AESE <Vd>.16B, <Vn>.16B

integer d = UInt(Rd);
integer n = UInt (Rn);
if !HaveAESExt () then UnallocatedEncoding() ;-6-+

b ] n decrupnt — (1) —— 17 1) .
kSs TCah & EYPt =4 )7

Assembler Symbols

<Vd> Is the name of the SIMD&FP source and destination register, encoded in the "Rd" field.
<Vn> Is the name of the second SIMD&FP source register, encoded in the "Rn" field.
Operation

AArch64.CheckFPAdvSIMDEnabled () ;

bits (128) operandl = V
bits (128) operand2 = V[n];
bits (128) result;
result = operandl EOR operand?2;
result =if deeryptthen
———resutt—= ABSInvSub3ytes{ABSInvShiftRows{result) )+
else

resutt—AFESSubBytes (AESShiftRows (result)) ;

V[d] = result;
Operational information

If PSTATE.DIT is 1:
* 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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AESIMC

AES inverse mix columns.

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
lo 10011 10[0o0[10100[0O011][1][1 0] Rn | Rd |
D

Advanced SIMD

AESIMC <Vd>.16B, <Vn>.16B

integer d = UInt(Rd);
integer n = UInt (Rn);
if !HaveAESExt () then UnallocatedEncoding() ;-6-+

b ] n decrupnt — (1) —— 17 1) .
kSs TCah & EYPt =4 )7

Assembler Symbols

<Vd> Is the name of the SIMD&FP destination register, encoded in the "Rd" field.
<Vn> Is the name of the SIMD&FP source register, encoded in the "Rn" field.
Operation

AArch64.CheckFPAdvSIMDEnabled () ;

bits (128) operand = V[n];

bits (128) result;

result =if deerypt—then

—resutt = AESInvMixColumns (operand) ; {eperanc)+
else

-~ result =

AESMixColumns-{operand)

V[d] = result;

Operational information

If PSTATE.DIT is 1:
* 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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AESMC

AES mix columns.

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
lo 10011 10[0o0[1010o0[0O011]/0[1 0] Rn | Rd |
D

Advanced SIMD

AESMC <Vd>.16B, <Vn>.16B

integer d = UInt(Rd);
integer n = UInt (Rn);
if !HaveAESExt () then UnallocatedEncoding() ;-6-+

b ] n decrupnt — (1) —— 17 1) .
kSs TCah & EYPt =4 )7

Assembler Symbols

<Vd> Is the name of the SIMD&FP destination register, encoded in the "Rd" field.
<Vn> Is the name of the SIMD&FP source register, encoded in the "Rn" field.
Operation

AArch64.CheckFPAdvSIMDEnabled () ;

bits (128) operand = V[n];
bits (128) result;
result =if deerypt—then
———resutt—= ABSInvMixCclumns-{eperand)+
else

resutt—AFESMixColumns (operand) ;
V[d] = result;

Operational information

If PSTATE.DIT is 1:
* 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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new

AND (vector)

Bitwise AND (vector). This instruction performs a bitwise AND between the two source SIMD&FP registers, and writes the result to the

destination SIMD&FP register.

Depending on the settings in the CPACR_ELI, CPTR_EL2, and CPTR_ELS3 registers, and the current Security state and Exception level, an

attempt to execute the instruction might be trapped.

31 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
loJQJoJo 1 1 1 ofJo of1] Rm [0 0 0 1 1]1] Rn | Rd |
size

Three registers of the same type

AND <Vd>.<T>, <Vn>.<T>, <Vm>.<T>

integer d = UInt (Rd);
integer n = UInt (Rn);
integer m = UInt (Rm);

integer datasize = if Q == '1' then 128 else 64;integer esize — g7

Assembler Symbols

<Vd> Is the name of the SIMD&FP destination register, encoded in the "Rd" field.
<T> Is an arrangement specifier, encoded in “Q”:

Q <T>

0 8B

1 16B
<Vn> Is the name of the first SIMD&FP source register, encoded in the "Rn" field.
<Vm> Is the name of the second SIMD&FP source register, encoded in the "Rm" field.
Operation

CheckFPAdvSIMDEnabled64 () ;
bits(datasize) operandl = V[n];
bits(datasize) operand2 = V[m];
bits (datasize) result;

result = operandl AND operand?;if—invert thea operandl — NoT(eperand2);

<

[d] = result;

Operational information

If PSTATE.DIT is 1:
* The execution time of this instruction is independent of:
o The values of the data supplied in any of its registers.
o The values of the NZCV flags.
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* The response of this instruction to asynchronous exceptions does not vary based on:
o The values of the data supplied in any of its registers.
o The values of the NZCV flags.
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AND (immediate)

Bitwise AND (immediate) performs a bitwise AND of a register value and an immediate value, and writes the result to the destination 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
Isf][0 0]1 0 0 1 0 O[N] immr imms | Rn | Rd |
opc

32-bit (sf == 0 && N == 0)
AND <Wd|WSP>, <Wn>, #<imm>
64-bit (sf == 1)

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

integer d = UInt (Rd);

integer n = UInt (Rn);

integer datasize = if sf == '1l' then 64 else 32;
bits (datasize) imm;

if sf == '0' && N != '0' thenbeolean—setflags; LogicalOp—op/

ReservedValue () ;

(imm, -) = DecodeBitMasks (N, imms, immr, TRUE) ;

Assembler Symbols

<Wd|WSPp> Is the 32-bit name of the destination general-purpose register or stack pointer, encoded in the "Rd" field.
<Wn> Is the 32-bit name of the general-purpose source register, encoded in the "Rn" field.

<Xd|SP> Is the 64-bit name of the destination general-purpose register or stack pointer, encoded in the "Rd" field.
<Xn> Is the 64-bit name of the general-purpose source register, encoded in the "Rn" field.

<imm> For the 32-bit variant: is the bitmask immediate, encoded in "imms:immr".

For the 64-bit variant: is the bitmask immediate, encoded in "N:imms:immr".
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Operation

bits(datasize) result;
bits(datasize) operandl = X[n];

result = operandl AND imm;

if d == 31 thenease—op-of

[] = result;

5

else
X[d] = result;

Operational information

If PSTATE.DIT is 1:
¢ The execution time of this instruction is independent of:
o The values of the data supplied in any of its registers.
o The values of the NZCV flags.
* The response of this instruction to asynchronous exceptions does not vary based on:
o The values of the data supplied in any of its registers.
o The values of the NZCV flags.
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AND (shifted register)

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

Isf][0 0]0 1 0 1 0] shit [0] Rm imm6 | Rn | Rd |
opc N
32-bit (sf == 0)

AND <Wd>, <Wn>, <Wm>{, <shift> #<amount>}
64-bit (sf == 1)

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

integer d = UInt (Rd)
integer n = UInt (Rn)
integer m = UInt (Rm);

= 4

integer datasize if sf == '1l' then 64 else 32;
if sf == '0' && imm6<5> == 'l1' thenbeoelean setflags; LogicalOpop+
ease ope of
1 \i — —
1 \i — —
1 \i — —
1 \i — —
if sf — '0' §& immb<5>——'"1' £then ReservedValue();

ShiftType shift type = DecodeShift (shift);
integer shift amount = UInt (imm6) ; {Gmmé)7

b lean 1nvert — (N —— 171\ .
£, =SSt LY )7

Assembler Symbols

<Wd> Is the 32-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Wn> Is the 32-bit name of the first general-purpose source register, encoded in the "Rn" field.
<Wm> Is the 32-bit name of the second general-purpose source register, encoded in the "Rm" field.
<Xd> Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Xn> Is the 64-bit name of the first general-purpose source register, encoded in the "Rn" field.
<Xm> Is the 64-bit name of the second general-purpose source register, encoded in the "Rm" field.
<shift> Is the optional shift to be applied to the final source, defaulting to LSL and encoded in “shift”:
shift <shift>

00 LSL

01 LSR

10 ASR

11 ROR
<amount> For the 32-bit variant: is the shift amount, in the range 0 to 31, defaulting to 0 and encoded in the "imm6" field.

For the 64-bit variant: is the shift amount, in the range 0 to 63, defaulting to 0 and encoded in the "imm6" field,
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Operation

bits (datasize) operandl
bits (datasize) operand?2

X[n];
ShiftReg(m, shift type, shift amount);

result = operandl AND operand?; i AveEE Ehen operandd = NOE(oparandzys

X[d] = result;

Operational information

If PSTATE.DIT is 1:
¢ 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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ANDS (immediate)

Bitwise AND (immediate), setting flags, performs a bitwise AND of a register value and an immediate value, and writes the result to the
destination register. It updates the condition flags based on the result.

This instruction is used by the alias TST (immediate).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 &5 4 3 2 1 O
Isf][1 1]1 0 0 1 0 O[N] immr imms | Rn | Rd |
opc

32-bit (sf == 0 && N == 0)
ANDS <Wd>, <Wn>, #<imm>
64-bit (sf == 1)

ANDS <Xd>, <Xn>, #<imm>

integer d = UInt (Rd);
integer n = UInt (Rn);
integer datasize = if sf == 'l' then 64 else 32;

bits (datasize) imm;

if sf == '0' && N != '0' thenbeoelean setflags; LogicalOpopi

ease ope of

1 \i — —

1 \i — —

1 \i — —

1 \i — —
if sf — 10' 66 N !='0' £then ReservedValue() ;
(imm, -) = DecodeBitMasks (N, imms, immr, TRUE) ;

Assembler Symbols

<Wd> Is the 32-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Wn> Is the 32-bit name of the general-purpose source register, encoded in the "Rn" field.
<Xd> Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Xn> Is the 64-bit name of the general-purpose source register, encoded in the "Rn" field.
<imm> For the 32-bit variant: is the bitmask immediate, encoded in "imms:immr".

For the 64-bit variant: is the bitmask immediate, encoded in "N:imms:immr".

Alias Conditions

Alias Is preferred when
TST (immediate) Rd == '"11111"
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Operation

bits(datasize) result;
bits (datasize) operandl =

’

X[n]

result = operandl AND imm;
PSTATE.<N,Z,C,V> = result<datasize-1>:case—opof

IsZeroBit

(result) :' 00" ; H—=—results

X[d] = result;
Operational information

If PSTATE.DIT is 1:
¢ 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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ANDS (shifted register)

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

This instruction is used by the alias TST (shifted 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
Isf[1 1]0 1 0 1 0] shit [0] Rm imm6 | Rn | Rd |
opc N

32-bit (sf == 0)
ANDS <Wd>, <Wn>, <Wm>{, <shift> #<amount>}
64-bit (sf == 1)

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

integer d = UlInt (Rd)
integer n = UInt (Rn)
integer m = UInt (Rm);
integer datasize = if sf == 'l' then 64 else 32;

if sf == '0' && imm6<5> == 'l1' thenbeoelean setflags; LogicalOpop+

if sf — '0' g& immb<5> — '1' then ReservedValue () ;

ShiftType shift type = DecodeShift (shift);
integer shift amount = UInt (imm6) ; {Gmmé)7

b lean 1invert — (N —— 171\ .
ES, =SSt LY )7

Assembler Symbols

<Wd> Is the 32-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Wn> Is the 32-bit name of the first general-purpose source register, encoded in the "Rn" field.
<Wm> Is the 32-bit name of the second general-purpose source register, encoded in the "Rm" field.
<Xd> Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Xn> Is the 64-bit name of the first general-purpose source register, encoded in the "Rn" field.
<Xm> Is the 64-bit name of the second general-purpose source register, encoded in the "Rm" field.
<shift> Is the optional shift to be applied to the final source, defaulting to LSL and encoded in “shift”:
shift <shift>

00 LSL

01 LSR

10 ASR

11 ROR
<amount> For the 32-bit variant: is the shift amount, in the range 0 to 31, defaulting to 0 and encoded in the "imm6" field.

For the 64-bit variant: is the shift amount, in the range 0 to 63, defaulting to 0 and encoded in the "imm6" field,
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Alias Conditions

Alias Is preferred when
TST (shifted register) Rd == '11111"
Operation

bits (datasize) operandl
bits(datasize) operand?2

X[n];
ShiftReg(m, shift type, shift amount);

result = operandl AND operand2;

PSTATE.<N,2,C,V> = result<datasize-1>:EE invest Ehen-opesands = NOT(operand2)y

IsZeroBit (result) :'00"';

X[d] = result;
Operational information

If PSTATE.DIT is 1:

» The execution time of this instruction is independent of:
o The values of the data supplied in any of its registers.
o The values of the NZCV flags.
» The response of this instruction to asynchronous exceptions does not vary based on:
o The values of the data supplied in any of its registers.
o The values of the NZCV flags.

Internal version only: isa v29.05, AdvSIMD v26.0, pseudocode v35.3 ; Build timestamp: 2018-06-16T09:5845

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

ISA v84A A64 xml 00bet7 htmldiff from- (new)
old ISA v84A A64 xml 00bet7 ISA v84A A64 xml 00bet7 OPT

ANDS (shifted register) Page 58


ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/tst_ands_log_shift.html
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-aarch64.X.read.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-aarch64.ShiftReg.3
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#LogicalOp_AND
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#LogicalOp_ORR
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#LogicalOp_EOR
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.IsZeroBit.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-aarch64.X.write.1
ISA_v84A_A64_xml_00bet7/xhtml/ands_log_shift.html
ISA_v84A_A64_xml_00bet7/xhtml/ands_log_shift.html
ISA_v84A_A64_xml_00bet7_OPT/xhtml/ands_log_shift.html
ISA_v84A_A64_xml_00bet7_OPT/xhtml/ands_log_shift.html

ISA v84A A64 xml 00bet7 htmldiff from- (new)
(o1d) ISA v84A A64 xml OObet7  ISA v84A A64 xml 00bet7 OPT

B.cond

Branch conditionally to a label at a PC-relative offset, with a hint that this is not a subroutine call or return.

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
01 0 1 0 1 0/[0] imm19 [0] ocond |

19-bit signed PC-relative branch offset

B.<cond> <label>

bits(64) offset = SignExtend (imml9:'00', 64);-{immio:'00"',—64)+
bits{4)condition =—~cond;

Assembler Symbols

<cond> Is one of the standard conditions, encoded in the "cond" field in the standard way.

<label> Is the program label to be conditionally branched to. Its offset from the address of this instruction, in the range +/-1MB, is
encoded as "imm19" times 4.

Operation

if ConditionHolds (cond) then{ecendition) then
BranchTo (PC[] + offset, BranchType JMP);
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Branch causes an unconditional branch to a label at a PC-relative offset, with a hint that this is not a subroutine call or return.

31 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
loJo 0 1 0 1] imm26
op

26-bit signed PC-relative branch offset

B <label>

bits(64) offset =_SignExtend(imm26: '00', 64);

Assembler Symbols

<label> Is the program label to be unconditionally branched to. Its offset from the address of this instruction, in the range +/-128MB,
is encoded as "imm26" times 4.

Operation

7

BranchTo (PC[] + offset, BranchType JMP);H}+offsct;branch type);
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BFM

Bitfield Move is usually accessed via one of its aliases, which are always preferred for disassembly.

If <imms> is greater than or equal to <immr>, this copies a bitfield of (<imms>-<immr>+1) bits starting from bit position <immr> in the source
register to the least significant bits of the destination register.

If <imms> is less than <immr>, this copies a bitfield of (<imms>+1) bits from the least significant bits of the source register to bit position
(regsize-<immr>) of the destination register, where regsize is the destination register size of 32 or 64 bits.

In both cases the other bits of the destination register remain unchanged.

This instruction is used by the aliases BFC, BFI, and BFXIL.

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
[sf[0 11 0 0 1 1 O[N] immr imms | Rn | Rd |
opc

32-bit (sf == 0 && N == 0)

BFM <Wd>, <Wn>, #<immr>, #<imms>

64-bit (sf == 1 && N == 1)

BFM <Xd>, <Xn>, #<immr>, #<imms>

integer d = UInt (Rd);
integer n = UInt (Rn);
integer datasize = if sf == 'l' then 64 else 32;

boclean inzero;
boolean—extend;
integer R;
integer S+

bits (datasize) wmask;
bits(datasize) tmask;

'l' thenease ope—-of
=—TRUE; xtend = FTRUE; —// SBEM

if sf — 11! g N l= 111! £hepn ReservedValue();

if sf == '0' && (N != '0"'" || immr<5> != '0' || imms<5> != '0') then ReservedValuef+
R—UInt ()

R ={immr);

S—= UInt (immr) ;

drms) 5

(wmask, tmask) = DecodeBitMasks (N, imms, immr, FALSE);

Assembler Symbols

<Wd> Is the 32-bit name of the general-purpose destination register, encoded in the "Rd" field.

<Wn> Is the 32-bit name of the general-purpose source register, encoded in the "Rn" field.

<Xd> Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.

<Xn> Is the 64-bit name of the general-purpose source register, encoded in the "Rn" field.

<immr> For the 32-bit variant: is the right rotate amount, in the range 0 to 31, encoded in the "immr" field.

For the 64-bit variant: is the right rotate amount, in the range 0 to 63, encoded in the "immr" field.
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<imms> For the 32-bit variant: is the leftmost bit number to be moved from the source, in the range 0 to 31, encoded in the "imms'

field.
For the 64-bit variant: is the leftmost bit number to be moved from the source, in the range 0 to 63, encoded in the "imms"
field.
Alias Conditions
Alias Is preferred when

BFC Rn == '11111' && UInt (imms) < UInt (immr)

BFI Rn != '11111' && UInt (imms) < UInt (immr)

BEXIL UInt (imms) >= UInt (immr)

Operation

bits(datasize) dst =pitstdatasize)dst = if inzerothen Zeresf—elsex[d];

bits (datasize) src = X[n];

// perform bitfield move on low bits

bits(datasize) bot = (dst AND NOT (wmask)) OR (ROR{SEE,RICANDRask

bits{datasize) top—if extend then Replieate (src, R) AND wmask);

// combine extension bits and result bits

X[d] = (dst AND NOT(tmask)) OR (bot AND tmask) ;fed—=—fEop-AND-NOT (Emask))—OR(bot AND tmask);
Operational information

If PSTATE.DIT is 1:
» 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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ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-aarch64.X.read.1
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ISA v84A A64 xml 0Obet7 htmldiff from-

old ISA v84A A64 _xml OObet7

BIC (vector, immediate)

new
ISA v84A A64 xml 00bet7 OPT

Bitwise bit Clear (vector, immediate). This instruction reads each vector element from the destination SIMD&FP register, performs a bitwise
AND between each result and the complement of an immediate constant, places the result into a vector, and writes the vector to the destination

SIMD&FP register.

Depending on the settings in the CPACR_ELI, CPTR_EL2, and CPTR_ELS3 registers, and the current Security state and Exception level, an

attempt to execute the instruction might be trapped.

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
lo[Q]1]o 1 1 11 0 0 0 0 ofa|bf[c|x x x 1]of[1]d[e|[f[g]|h] Rd |
op cmode
16-bit (cmode == 10x1)
BIC <Vd>.<T>, #<imm8>{, LSL #<amount>}
32-bit (cmode == 0xx1)
BIC <Vd>.<T>, #<imm8>{, LSL #<amount>}
integer rd = UInt (Rd);
integer datasize = if Q == '1l' then 128 else 64;
bits (datasize) imm;
bits(64) imm64;
ImmediateOp operation;
case cmode:op of
when '0xx01' operation ~Sihen iOs00' speration = InmediateopMOVL/
when '0xx11' operation ~—when—tOxaiOl cperation = HREAiates ORRF
ImmediateOp BIC;
when '10x01' operation ————iwhen—'L0x00L Speration s InmediateopMOVL/
when '10x11' operation ~——when—‘LORiO' cperation = HiREAiates ORRF
ImmediateOp BIC;
when '110x1' operation ———ihen—‘Li0w0l Speration s ImmediateopMOVL/
when '1110x' operation =_ ImmediateOp MOVI;
when '11111'
// FMOV Dn, #imm is in main FP instruction set
if Q == '0' then UnallocatedEncoding() ;
operation = ImmediateOp MOVI;
imm64 = AdvSIMDExpandImm (op, cmode, a:b:c:d:e:f:g:h);
imm = Replicate(imm64, datasize DIV 64);
Assembler Symbols
<Vd> Is the name of the SIMD&FP register, encoded in the "Rd" field.
<T> For the 16-bit variant: is an arrangement specifier, encoded in “Q”:
Q <T>
0 4H
1 8H
For the 32-bit variant: is an arrangement specifier, encoded in “Q”:
BIC (vector, immediate)
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ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#ImmediateOp_MOVI
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ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.AdvSIMDExpandImm.3
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.Replicate.2

Q <T>
0 28
1 43
<imm8&> [s an 8-bit immediate encoded in "a:b:c:d:e:f:g:h".
<amount> For the 16-bit variant: is the shift amount encoded in “cmode<1>""
cmode<1> <amount>
0 0
1 8

defaulting to 0 if LSL is omitted.
For the 32-bit variant: is the shift amount encoded in “cmode<2:1>"":

cmode<2:1> <amount>
00 0
01 8
10 16
11 24

defaulting to 0 if LSL is omitted.
Operation

CheckFPAdvSIMDEnabledo64 () ;
bits(datasize) operand;
bits(datasize) result;

case operation of

when ImmediateOp MOVI
result = imm;

when ImmediateOp MVNI
result = NOT (imm) ;

when ImmediateOp ORR
operand = V[rd];
result = operand OR imm;

when ImmediateOp BIC
operand = V[rd];
result = operand AND NOT (imm) ;

V[rd] = result;
Operational information

If PSTATE.DIT is 1:

» 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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ISA v84A A64 xml 0Obet7 htmldiff from-
old ISA v84A A64 _xml OObet7

new
ISA v84A A64 xml 00bet7 OPT

BIC (vector, register)

Bitwise bit Clear (vector, register). This instruction performs a bitwise AND between the first source SIMD&FP register and the complement of

the second source SIMD&FP register, and writes the result to the destination SIMD&FP register.

Depending on the settings in the CPACR_ELI, CPTR_EL2, and CPTR_ELS3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

31 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
loJQJoJo 1 1 1 ofJo 1]1] Rm [0 0 0 1 1]1] Rn | Rd |
size

Three registers of the same type

BIC

integer
integer
integer
integer

<Vd>.<T>, <Vn>.<T>, <Vm>.<T>

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

datasize = if Q == '1' then 128 else 64;integer esize — g7

Assembler Symbols

<Vd>

<T>

<Vn>

<Vm>

Operation

Is the name of the SIMD&FP destination register, encoded in the "Rd" field.

Is an arrangement specifier, encoded in “Q”:

Q <T>
0 | 8B
1 16B

Is the name of the first SIMD&FP source register, encoded in the "Rn" field.

Is the name of the second SIMD&FP source register, encoded in the "Rm" field.

CheckFPAdvSIMDEnabled64 () ;

bits(datasize) operandl = V[n];
bits(datasize) operand2 = V[m];
bits (datasize) result;

result

operand2 = NOT (operand2) ;

= operandl AND operand?2;case—ecp ot

<

[dl =

Operational

result;

information

If PSTATE.DIT is 1:
* The execution time of this instruction is independent of:

o The values of the data supplied in any of its registers.

BIC (vector, register)
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o The values of the NZCV flags.

» The response of this instruction to asynchronous exceptions does not vary based on:
o The values of the data supplied in any of its registers.
o The values of the NZCV flags.
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BIC (shifted register)

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

31 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

Isf]0 0]0 1 0 1 0 shift [1] Rm imm6 | Rn | Rd |
opc N
32-bit (sf == 0)

BIC <Wd>, <Wn>, <Wm>{, <shift> #<amount>}
64-bit (sf == 1)

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

integer d = UInt (Rd)
integer n = UInt (Rn)
integer m = UInt (Rm);

= 4

integer datasize if sf == '1l' then 64 else 32;
if sf == '0' && imm6<5> == 'l1' thenbeoelean setflags; LogicalOpop+
ease ope of
1 \i — —
1 \i — —
1 \i — —
1 \i — —
if sf — '0' §& immb<5>——'"1' £then ReservedValue();

ShiftType shift type = DecodeShift (shift);
integer shift amount = UInt (imm6) ; {Gmmé)7

b lean 1nvert — (N —— 171\ .
£, =SSt LY )7

Assembler Symbols

<Wd> Is the 32-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Wn> Is the 32-bit name of the first general-purpose source register, encoded in the "Rn" field.
<Wm> Is the 32-bit name of the second general-purpose source register, encoded in the "Rm" field.
<Xd> Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Xn> Is the 64-bit name of the first general-purpose source register, encoded in the "Rn" field.
<Xm> Is the 64-bit name of the second general-purpose source register, encoded in the "Rm" field.
<shift> Is the optional shift to be applied to the final source, defaulting to LSL and encoded in “shift”:
shift <shift>

00 LSL

01 LSR

10 ASR

11 ROR
<amount> For the 32-bit variant: is the shift amount, in the range 0 to 31, defaulting to 0 and encoded in the "imm6" field.

For the 64-bit variant: is the shift amount, in the range 0 to 63, defaulting to 0 and encoded in the "imm6" field,
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Operation

bits (datasize) operandl
bits (datasize) operand?2

operand2 = NOT (operand?2) ;

X[n];

ShiftReg(m, shift type, shift amount);

result = operandl AND operand2;

X[d] = result;

Operational information

If PSTATE.DIT is 1:

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.

ISA v84A A64 xml OObet?7

old
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ISA v84A A64 xml 00bet7 htmldiff from- (new)
(o1d) ISA v84A A64 xml OObet7  ISA v84A A64 xml 00bet7 OPT

BICS (shifted register)

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

31 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

Isf][1 1]0 1 0 1 0] shift [1] Rm imm6 | Rn | Rd

opc N
32-bit (sf == 0)

BICS <Wd>, <Wn>, <Wm>{, <shift> #<amount>}

64-bit (sf == 1)

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

integer d = UInt (Rd)
integer n = UInt (Rn)
integer m = UInt (Rm);

= if sf == '1l' then 64 else 32;

if sf == '0' && imm6<5> == 'l1' thenbeoelean setflags; LogicalOpop+

if sf — '0' g¢& immb<5> — '1' then ReservedValue () ;

ShiftType shift type = DecodeShift (shift);
integer shift amount = UInt (imm6) ; {Gmmé)7

b lean 1nvert — (N —— 171\ .
£, =SSt LY )7

Assembler Symbols

<Wd> Is the 32-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Wn> Is the 32-bit name of the first general-purpose source register, encoded in the "Rn" field.
<Wm> Is the 32-bit name of the second general-purpose source register, encoded in the "Rm" field.
<Xd> Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Xn> Is the 64-bit name of the first general-purpose source register, encoded in the "Rn" field.
<Xm> Is the 64-bit name of the second general-purpose source register, encoded in the "Rm" field.
<shift> Is the optional shift to be applied to the final source, defaulting to LSL and encoded in “shift”:
shift <shift>

00 LSL

01 LSR

10 ASR

11 ROR
<amount> For the 32-bit variant: is the shift amount, in the range 0 to 31, defaulting to 0 and encoded in the "imm6" field.

For the 64-bit variant: is the shift amount, in the range 0 to 63, defaulting to 0 and encoded in the "imm6" field,

BICS (shifted register)
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Operation

bits(datasize) operandl = X[n];
bits (datasize) operand?2 ShiftReg(m, shift type, shift amount);

operand2 = NOT (operand?2) ;

result = operandl AND operand2;
PSTATE.<N,Z,C,V> = result<datasize-1>:case—opof

X[d] = result;
Operational information

If PSTATE.DIT is 1:
¢ 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.

IsZeroBit (result) :'00"';
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BIF

Bitwise Insert if False. This instruction inserts each bit from the first source SIMD&FP register into the destination SIMD&FP register if the
corresponding bit of the second source SIMD&FP register is 0, otherwise leaves the bit in the destination register unchanged.

Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

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
loJQf1]Jo 1 1 1 o1 1]1] Rm o 0 0 1 1]1] Rn | Rd |
opc2

Three registers of the same type

BIF <Vd>.<T>, <Vn>.<T>, <Vm>.<T>

integer d = UInt(Rd);

integer n = UInt(Rn);

integer m = UInt (Rm);

integer datasize = if Q == 'l' then 128 else 64;integer esize — 87
integer datasize — £ O — "1 ' then 128 else 64

Assembler Symbols

<Vd> Is the name of the SIMD&FP destination register, encoded in the "Rd" field.
<T> Is an arrangement specifier, encoded in “Q”:

Q <T>

0 8B

1 16B
<Vn> Is the name of the first SIMD&FP source register, encoded in the "Rn" field.
<Vm> Is the name of the second SIMD&FP source register, encoded in the "Rm" field.
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Operation

CheckFPAdvSIMDEnabled64 () ;
bits (datasize) operandl;

bits(datasize) operand3;
bits (datasize) operand4 = V[n];

O
o]
o
=
©
5
Q.
=
II

V[d] = operandl EOR ((operandl EOR operand4) AND operand3);fe}-=-operandl EOR ({operand2 EOR operandd)
Operational information

If PSTATE.DIT is 1:
¢ 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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BIT

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

Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

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
loJQ]1]Jo 1 1 1 o1 of1] Rm o 0 0 1 1]1] Rn | Rd |
opc2

Three registers of the same type

BIT <Vd>.<T>, <Vn>.<T>, <Vm>.<T>

integer d = UInt(Rd);

integer n = UInt(Rn);

integer m = UInt (Rm);

integer datasize = if Q == 'l' then 128 else 64;integer esize — 87
integer datasize — £ O — "1 ' then 128 else 64

Assembler Symbols

<Vd> Is the name of the SIMD&FP destination register, encoded in the "Rd" field.
<T> Is an arrangement specifier, encoded in “Q”:

Q <T>

0 8B

1 16B
<Vn> Is the name of the first SIMD&FP source register, encoded in the "Rn" field.
<Vm> Is the name of the second SIMD&FP source register, encoded in the "Rm" field.
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Operation

CheckFPAdvSIMDEnabled64 () ;

Vv[d];

o
o]
(0]
Ia}
o))
=)
o}
w
Il

Vim] ;
V[d] = operandl EOR ((operandl EOR operand4) AND operand3);{e} = operandl EOR {({operand2 EOR operandl)

Operational information

If PSTATE.DIT is 1:
¢ 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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BL

Branch with Link branches to a PC-relative offset, setting the register X30 to PC+4. It provides a hint that this is a subroutine 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
[1]0 0 1 0 1] imm26
op

26-bit signed PC-relative branch offset

BL <label>

bits(64) offset =_SignExtend(imm26: '00', 64);

Assembler Symbols

<label> Is the program label to be unconditionally branched to. Its offset from the address of this instruction, in the range +/-128MB,
is encoded as "imm26" times 4.

Operation

£ branch type — BranchType CALE then X[30] = PC[] + 4;

BranchTo (PC[] + offset, BranchType CALL);{} + effset; branch type);
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BL

A

Branch with Link to Register calls a subroutine at an address in a register, setting register X30 to PC+4.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
110 1 0 1 1]ofJofJo 1[1 1 1 1 1[0 0 0 of[0]0] Rn o 0 0 0 0]
Z op A M Rm
Integer
BLR <Xn>

integer n = Ulnt (Rn); BRORChEySEREaneh e pe

integer—m—Unt(Rm)+

booleanpac—=—(hA==—"3"};

boolean—use key_a—=—{M—==—"01};

booleansoureeis_sp—=—HEF =1 —&&—{tm=="311

+flpae—tbmt=0then

 UnadlocatedEncodingt

etsif pae & HaveRACExREH—then—

 UnadlocatedEncoding b

case—op—of

——when—06' branch_type = BranchType JMP;

——when—'01' branch_type = BranchType CALL;

——when—16' branch_type = BranchType RET;

——otherwise Unalloecatedbncoding

if-pae—then

—f g ==—'0' &emt=31then

. BeallocatedEncodingl

——if branch_type == Branchlype RET then

————+£-n1-31 then Unallocatedbncoding

———a—=30;

———souree_is_sp—TRUE;
Assembler Symbols
<Xn> Is the 64-bit name of the general-purpose register holding the address to be branched to, encoded in the "Rn" field.

Operation

o
ol
t
0}
>
[y
t
©
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Q
[0}
t
1
|
=
~.

!
1

[30]

|
Q

[1 + 4;

BranchTo (target, BranchType CALL) ;_
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BLRAA, BLRAAZ, BLRAB, BLRABZ

Branch with Link to Register, with pointer authentication. This instruction authenticates the address in the general-purpose register that is
specified by <Xn>, using a modifier and the specified key, and calls a subroutine at the authenticated address, setting register X30 to PC+4.

The modifier is:

* In the general-purpose register or stack pointer that is specified by <Xm|SP> for BLRAA and BLRAB.
* The value zero, for BLRAAZ and BLRABZ.
Key A is used for BLRAA and BLRAAZ, and key B is used for BLRAB and BLRABZ.

If the authentication passes, the PE continues execution at the target of the branch. If the authentication fails, a Translation fault is generated.

The authenticated address is not written back to the general-purpose register.

Integer
(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 3 2 1 O

110 1 0 1 1]z]ofJo 1[1 1 1 1 1[0 0 0 0[1[M] Rn | Rm

op A

BLRAA, BLRAAZ, BLRAB,
BLRABZ
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Key A, zero modifier (Z==0 && M == 0 && Rm == 11111)
BLRAAZ <Xn>

Key A, register modifier (Z==1 && M == 0)
BLRAA <Xn>, <Xm|SP>

Key B, zero modifier (Z == 0 && M == 1 && Rm == 11111)
BLRABZ <Xn>

Key B, register modifier (Z ==1 && M == 1)

BLRAB <Xn>, <Xm|SP>

integer n = UInt(Rn);
integer m —{Ra); Branchiype branch typer
ERESgeE==UInt (Rm);

boolean use key a = (M == '0");
boolean source is sp = ((Z2 == '1') && (m == 31));

if !iftpae s m =0 thenUnallocatedBncoding b+
eksEEpaesieliavePACEXE () then

UnallocatedEncodingiEes

— £ branch_type == BranchType RET();

if 2 == '0' && m != 31 thenEhen

UnallocatedEncoding () ;-

Assembler Symbols

<Xn> Is the 64-bit name of the general-purpose register holding the address to be branched to, encoded in the "Rn" field.

<Xm|SP> Is the 64-bit name of the general-purpose source register or stack pointer holding the modifier, encoded in the "Rm" field.

BLRAA, BLRAAZ, BLRAB,
BLRABZ
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Operation

bits (64) target = X[n];
bits (64) modifier = if source is sp thenif paec then

= bits(el) medifics —if sousceis spthen SP[] else X[m];

if use_key a then
target = AuthIA (target, modifier);

target = AuthIB(target, modifier);{Earget, modificr);

EESSERRUSENEIIISERERN  [30) = PC(] + 4;
BranchTo (target, BranchType CALL);_

else
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BR

Branch to Register branches unconditionally to an address in a register, with a hint that this is not a subroutine return.

31 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 0 1 0 1 1]ofJofJo o[1 1 1 1 1[0 0 0 of[o0]0] Rn o 0 0 0 0]
Z op A M Rm
Integer
BR <Xn>

integer n = UInt(Rn);_

integer—m—Unt(Rm)+

booleanpac—=—(hA==—"3"};

boolean—use key_a—=—{M—==—"01};

booleansoureeis_sp—=—HEF =1 —&&—{tm=="311

+flpae—tbmt=0then

 UnadlocatedEncodingt

etsif pae & HaveRACExREH—then—

 UnadlocatedEncoding b

case—op—of

——when—06' branch_type = BranchType JMP;

——when—'01' branch_type = BranchType CALL;

——when—16' branch_type = BranchType RET;

——otherwise Unalloecatedbncoding

if-pae—then

—f g ==—'0' &emt=31then

. BeallocatedEncodingl

——if branch_type == Branchlype RET then

————+£-n1-31 then Unallocatedbncoding

———a—=30;

———souree_is_sp—TRUE;
Assembler Symbols
<Xn> Is the 64-bit name of the general-purpose register holding the address to be branched to, encoded in the "Rn" field.

Operation

BranchTo (target, BranchType JMP) ;_
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BRAA, BRAAZ, BRAB, BRABZ

Branch to Register, with pointer authentication. This instruction authenticates the address in the general-purpose register that is specified by
<Xn>, using a modifier and the specified key, and branches to the authenticated address.

The modifier is:

* In the general-purpose register or stack pointer that is specified by <Xm|SP> for BRAA and BRAB.
* The value zero, for BRAAYZ and BRABZ.
Key A is used for BRAA and BRAAZ, and key B is used for BRAB and BRABZ.

If the authentication passes, the PE continues execution at the target of the branch. If the authentication fails, a Translation fault is generated.

The authenticated address is not written back to the general-purpose register.

Integer
(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 3 2 1 O

[ 1

101 0 1 1]z]oJo o]1 1 1 1 1[0 0 0 0[1[M] Rn | Rm

op A

BRAA, BRAAZ, BRAB, BRABZ
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Key A, zero modifier (Z==0 && M == 0 && Rm == 11111)
BRAAZ <Xn>

Key A, register modifier (Z==1 && M == 0)
BRAA <Xn>, <Xm|SP>

Key B, zero modifier (Z == 0 && M == 1 && Rm == 11111)
BRABZ <Xn>

Key B, register modifier (Z ==1 && M == 1)

BRAB <Xn>, <Xm|SP>

integer n = UInt(Rn);
integer m —{Ra); Branchiype branch typer
ERESgeE==UInt (Rm);

boolean use key a = (M == '0");
boolean source is sp = ((Z2 == '1') && (m == 31));

if !iftpae s m =0 thenUnallocatedBncoding b+
eksEEpaesieliavePACEXE () then

UnallocatedEncodingiEes

— £ branch_type == BranchType RET();

if 2 == '0' && m != 31 thenEhen

UnallocatedEncoding () ;-

Assembler Symbols

<Xn> Is the 64-bit name of the general-purpose register holding the address to be branched to, encoded in the "Rn" field.

<Xm|SP> Is the 64-bit name of the general-purpose source register or stack pointer holding the modifier, encoded in the "Rm" field.

BRAA, BRAAZ, BRAB, BRABZ
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Operation

bits (64) target = X[n];

bits (64) modifier = if source is sp thenif paec then
EESSies(eTmedisies =i ssuree T ieTspthen SP(] else X[m];

if use_key a then

target = AuthIA (target, modifier);
else

target = AuthIB(target, modifier);{Earget, modificr);

BranchTo (target, BranchType JMP) ;_
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BRK

Breakpoint instruction generates a Breakpoint Instruction exception. The PE records the exception in ESR_ELx, using the EC value 0x3c, and
captures the value of the immediate argument in ESR_ELx.ISS.

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
/1710 1 0 1 0 0[0 0 1] imm16 o 0 o|/0 0]
System

BRK #<imm>

// Empty.bits{l6) comment—immi6s

Assembler Symbols

<imm> Is a 16-bit unsigned immediate, in the range 0 to 65535, encoded in the "imm16" field.

Operation

AArcho64.SoftwareBreakpoint (imml6) ; feomment)+
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BSL

Bitwise Select. This instruction sets each bit in the destination SIMD&FP register to the corresponding bit from the first source SIMD&FP
register when the original destination bit was 1, otherwise from the second source SIMD&FP register.

Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

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
loJQ]1]Jo 1 1 1 oo 1]1] Rm o 0 0 1 1]1] Rn | Rd |
opc2

Three registers of the same type

BSL <Vd>.<T>, <Vn>.<T>, <Vm>.<T>

integer d = UInt(Rd);

integer n = UInt(Rn);

integer m = UInt (Rm);

integer datasize = if Q == 'l' then 128 else 64;integer esize — 87
integer datasize — £ O — "1 ' then 128 else 64

Assembler Symbols

<Vd> Is the name of the SIMD&FP destination register, encoded in the "Rd" field.
<T> Is an arrangement specifier, encoded in “Q”:

Q <T>

0 8B

1 16B
<Vn> Is the name of the first SIMD&FP source register, encoded in the "Rn" field.
<Vm> Is the name of the second SIMD&FP source register, encoded in the "Rm" field.
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Operation

=

operand3 =fdi+

vId] ;e
V[d] = operandl EOR ((operandl EOR operand4) AND operand3);{fe} = operandl EOR {((operand2 EOR operandl)

Operational information

If PSTATE.DIT is 1:
¢ 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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CASB, CASAB, CASALB, CASLB

Compare and Swap byte in memory reads an 8-bit byte from memory, and compares it against the value held in a first register. If the comparison
is equal, the value in a second register is written to memory. If the write is performed, the read and write occur atomically such that no other

modification of the memory location can take place between the read and write.

. CASAB and CASALB load from memory with acquire semantics.
. CASLB and CASALB store to memory with release semantics.
. CASB has no memory ordering requirements.

For more information about memory ordering semantics see Load-Acquire, Store-Release.

For information about memory accesses see Load/Store addressing modes.

The architecture permits that the data read clears any exclusive monitors associated with that location, even if the compare subsequently fails.

If the instruction generates a synchronous Data Abort, the register which is compared and loaded, that is <Ws>, is restored to the values held in

the register before the instruction was executed.

No offset

(ARMvS.1)

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

[0 0[0 0 1 0 0 of[1]L][1] Rs lo0[1 1 1 1 1] Rn Rt |

size

CASAB (L == 1 && 00 == 0)

CASAB <Ws>, <Wt>, [<Xn|SP>{,#0}]

CASALB (L == 1 && 00 == 1)

CASALB <Ws>, <Wt>, [<Xn|SP>{,

CASB (L == 0 && 00 == 0)

#01}]

CASB <Ws>, <Wt>, [<Xn|SP>{,#0}]

CASLB (L ==0 && 00 == 1)

CASLB <Ws>, <Wt>, [<Xn|SP>{,#0}]

if !HaveAtomicExt () then UnallocatedEncoding() ;

integer n UInt (Rn) ;
integer t = UInt (Rt);
integer s = UInt (Rs) ;+4Rs}+

intecer datacd — @

integer datasi

Ulntd{size);

integer regsi = 3£ datast = 64 then 64 else 32+

AccType ldacctype = if L == 'l' then AccType ORDEREDRW else AccType ATOMICRW;

AccType stacctype = if o0 == 'l' then AccType ORDEREDRW else AccType ATOMICRW;
Assembler Symbols
<Ws> Is the 32-bit name of the general-purpose register to be compared and loaded, encoded in the "Rs" field.
<Wt> Is the 32-bit name of the general-purpose register to be conditionally stored, encoded in the "Rt" field.

<Xn|SP>

Is the 64-bit name of the general-purpose base register or stack pointer, encoded in the "Rn" field.

CASB, CASAB, CASALB, CASLB
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Operation

bits (64) address;
bits (8) comparevalue;
bits (8) newvalue;
bits (8) data;

comparevalue = X[s];
newvalue = X[t];

if n == 31 then
CheckSPAlignment () ;
address = SP[];
else
address = X[n];

// All observers in the shareability domain observe the
// following load and store atomically.
data = Mem[address, 1, ldacctype];

if data == comparevalue then

Mem[address, 1, stacctype] = newvalue;{addecss,datasize DIV 8, ctacetypel — newvaluer
X[s] = ZeroExtend(data, 32);{daEaggsizays
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CASH, CASAH, CASALH, CASLH

Compare and Swap halfword in memory reads a 16-bit halfword from memory, and compares it against the value held in a first register. If the
comparison is equal, the value in a second register is written to memory. If the write is performed, the read and write occur atomically such that
no other modification of the memory location can take place between the read and write.

. CASAH and CASALH load from memory with acquire semantics.
. CASLH and CASALH store to memory with release semantics.
. CAS has no memory ordering requirements.

For more information about memory ordering semantics see Load-Acquire, Store-Release.
For information about memory accesses see Load/Store addressing modes.
The architecture permits that the data read clears any exclusive monitors associated with that location, even if the compare subsequently fails.

If the instruction generates a synchronous Data Abort, the register which is compared and loaded, that is <Ws>, is restored to the values held in
the register before the instruction was executed.

No offset
(ARMvS.1)

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
[0 1/0 0 1. 0 0 of1]L][1] Rs lo0[1 1 1 1 1] Rn Rt |
size

CASAH (L == 1 && 00 == 0)

CASAH <Ws>, <Wt>, [<Xn|SP>{,#0}]

CASALH (L == 1 && 00 == 1)

CASALH <Ws>, <Wt>, [<Xn|SP>{,#0}]

CASH (L == 0 && 00 == 0)

CASH <Ws>, <Wt>, [<Xn|SP>{,#0}]

CASLH (L ==0 && 00 == 1)

CASLH <Ws>, <Wt>, [<Xn|SP>{,#0}]

if !HaveAtomicExt () then UnallocatedEncoding() ;

integer n UInt (Rn) ;
integer t = UInt (Rt);
integer s = UInt (Rs) ;+4Rs}+

1intecger datacq = Q

integer datasi

Ulntd{size);

integer regsi = 3£ datast = 64 then 64 else 32+

AccType ldacctype = if L == 'l' then AccType ORDEREDRW else AccType ATOMICRW;

AccType stacctype = if o0 == 'l' then AccType ORDEREDRW else AccType ATOMICRW;

Assembler Symbols

<Ws> Is the 32-bit name of the general-purpose register to be compared and loaded, encoded in the "Rs" field.
<Wt> Is the 32-bit name of the general-purpose register to be conditionally stored, encoded in the "Rt" field.
<Xn|SP> Is the 64-bit name of the general-purpose base register or stack pointer, encoded in the "Rn" field.
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Operation

bits (64) address;

bits (16) comparevalue;
bits (16) newvalue;
bits(l6) data;

comparevalue = X[s];
newvalue = X[t];

if n == 31 then
CheckSPAlignment () ;
address = SP[];
else
address = X[n];

// All observers in the shareability domain observe the
// following load and store atomically.
data = Mem[address, 2, ldacctype];

if data == comparevalue then

Mem[address, 2, stacctype] = newvalue;{addecss,datasize DIV 8, stacetypel — newvaluer
X[s] = ZeroExtend(data, 32);{daEaggsizays
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CASP, CASPA, CASPAL, CASPL

Compare and Swap Pair of words or doublewords in memory reads a pair of 32-bit words or 64-bit doublewords from memory, and compares
them against the values held in the first pair of registers. If the comparison is equal, the values in the second pair of registers are written to
memory. If the writes are performed, the reads and writes occur atomically such that no other modification of the memory location can take place
between the reads and writes.

. CASPA and CASPAL load from memory with acquire semantics.
. CASPL and CASPAL store to memory with release semantics.
. CAS has no memory ordering requirements.

For more information about memory ordering semantics see Load-Acquire, Store-Release.
For information about memory accesses see Load/Store addressing modes.
The architecture permits that the data read clears any exclusive monitors associated with that location, even if the compare subsequently fails.

If the instruction generates a synchronous Data Abort, the registers which are compared and loaded, that is <Ws> and <W(s+1)>, or <Xs> and
<X(s+1)>, are restored to the values held in the registers before the instruction was executed.

No offset
(ARMvS.1)

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
[0]sz[0 0 1 0 0 ofoO|L[1] Rs lo0[1 1 1 1 1] Rn Rt |
Rt2
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32-bit CASP (sz==0 && L == 0 && 00 == 0)

CASP <Ws>, <W(s+1l)>, <Wt>, <W(t+1l)>, [<Xn|SP>{,#0}]
32-bit CASPA (sz==0&& L ==1 && 00 ==0)

CASPA <Ws>, <W(s+1l)>, <Wt>, <W(t+1l)>, [<Xn|SP>{,#0}]
32-bit CASPAL (sz==0&& L ==1 && 00 ==1)

CASPAL <Ws>, <W(s+1l)>, <Wt>, <W(t+1l)>, [<Xn|SP>{,#0}]
32-bit CASPL (sz==0 && L ==0 && 00 == 1)

CASPL <Ws>, <W(s+1l)>, <Wt>, <W(t+1l)>, [<Xn|SP>{,#0}]
64-bit CASP (sz==1 && L == 0 && 00 == 0)

CASP <Xs>, <X (s+1)>, <Xt>, <X(t+1)>, [<Xn|SP>{,#0}]
64-bit CASPA (sz==1&& L ==1 && 00 ==0)

CASPA <Xs>, <X(s+l)>, <Xt>, <X(t+l)>, [<Xn|SP>{,#0}]
64-bit CASPAL (sz==1&& L==1&& 00 ==1)

CASPAL <Xs>, <X (s+1)>, <Xt>, <X(t+1)>, [<Xn|SP>{,#0}]
64-bit CASPL (sz==1&& L ==0 && 00 == 1)

CASPL <Xs>, <X (s+1l)>, <Xt>, <X(t+1l)>, [<Xn|SP>{,#0}]

if !HaveAtomicExt () then UnallocatedEncoding() ;
if Rs<0> == '1l' then UnallocatedEncoding();

if Rt<0> == '1l' then UnallocatedEncoding() ;
integer n = UInt (Rn);

integer t = UInt (Rt);

integer s = UInt(Rs);

integer datasize = 32 << UlInt (sz);4s2)7

integer regsize =datasize;

AccType ldacctype = if L == 'l' then AccType ORDEREDRW else AccType ATOMICRW;
AccType stacctype = if o0 == 'l' then AccType ORDEREDRW else AccType ATOMICRW;

Assembler Symbols

<Ws> Is the 32-bit name of the first general-purpose register to be compared and loaded, encoded in the "Rs" field.
<W(st+1)> Is the 32-bit name of the second general-purpose register to be compared and loaded.

<Wt> Is the 32-bit name of the first general-purpose register to be conditionally stored, encoded in the "Rt" field.
<W(t+1)> Is the 32-bit name of the second general-purpose register to be conditionally stored.

<Xs> Is the 64-bit name of the first general-purpose register to be compared and loaded, encoded in the "Rs" field.
<X(st1)> Is the 64-bit name of the second general-purpose register to be compared and loaded.

<Xt> Is the 64-bit name of the first general-purpose register to be conditionally stored, encoded in the "Rt" field.
<X(t+1)> Is the 64-bit name of the second general-purpose register to be conditionally stored.

<Xn|SP> Is the 64-bit name of the general-purpose base register or stack pointer, encoded in the "Rn" field.
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Operation

bits (64) address;
bits(2*datasize) comparevalue;
bits(2*datasize) newvalue;
bits (2*datasize) data;

bits (datasize) sl = X[s];

bits (datasize) s2 X[s+1];

bits (datasize) tl X[t];

bits(datasize) t2 = X[t+1];

comparevalue = if BigEndian() then sl:s2 else s2:sl;
newvalue = if BigEndian () then tl:t2 else t2:tl;

if n == 31 then
CheckSPAlignment () ;
address = SP[];
else
address = X[n];

// All observers in the shareability domain observe the
// following load and store atomically.
data = Mem[address, (2*datasize) DIV 8, ldacctype];

if data == comparevalue then
Mem[address, (2*datasize) DIV 8, stacctype] = newvalue;

if BigEndian() then

X[s] = ZeroExtend(data<2*datasize-1:datasize>, datasize);{data<i¥datasize—T:datasizes, vegeize),

X[s+l] = ZeroExtend(data<datasize-1:0>, datasize);

else

X[s] = ZeroExtend(data<datasize-1:0>, datasize); (daEaXaaeasiza S agsumaNs
X[s+l] = ZeroExtend(data<2*datasize-1l:datasize>, datasize);{data<2*datasize-l:datasizes  rogsizays
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CBNZz

Compare and Branch on Nonzero compares the value in a register with zero, and conditionally branches to a label at a PC-relative offset if the
comparison is not equal. It provides a hint that this is not a subroutine call or return. This instruction does not affect the condition flags.

10 9 8 7 6 5 4 3 2 1 0

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11
Isfl0 1 1. 0 1 0[1] imm19 Rt |
op

32-bit (sf == 0)
CBNZ <Wt>, <label>
64-bit (sf == 1)

CBNZ <Xt>, <label>

integer t = UInt (Rt);

integer datasize = if sf == 'l' then 64 else 32;
b il O 1o r — (A —— TNV

booclean—3 = top

bits(64) offset = SignExtend (imml9:'00', 64);

Assembler Symbols

Is the 32-bit name of the general-purpose register to be tested, encoded in the "Rt" field.

<Wt>

<Xt> Is the 64-bit name of the general-purpose register to be tested, encoded in the "Rt" field.

<label> Is the program label to be conditionally branched to. Its offset from the address of this instruction, in the range +/-1MB, is
encoded as "imm19" times 4.

Operation

bits (datasize) operandl = X[t];

if IsZero(operandl) == FALSE then<{eperandl) == iszero then

BranchTo (PC[] + offset, BranchType JMP);
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cBz

Compare and Branch on Zero compares the value in a register with zero, and conditionally branches to a label at a PC-relative offset if the
comparison is equal. It provides a hint that this is not a subroutine call or return. This instruction does not affect condition flags.

31 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
Isf]l0 1 1. 0 1 0[0] imm19 Rt |
op

32-bit (sf == 0)
CBZ <Wt>, <label>
64-bit (sf == 1)

CBZ <Xt>, <label>

integer datasize f sf == '1'" then 64 else 32;

b lean 1o r =
£, B ==

bits(64) offset = SignExtend (imml9:'00', 64);

integer t = Ulnt (Rt
L
\

Assembler Symbols

<Wt> Is the 32-bit name of the general-purpose register to be tested, encoded in the "Rt" field.
<Xt> Is the 64-bit name of the general-purpose register to be tested, encoded in the "Rt" field.
<label> Is the program label to be conditionally branched to. Its offset from the address of this instruction, in the range +/-1MB, is

encoded as "imm19" times 4.

Operation

bits (datasize) operandl = X[t];

if IsZero(operandl) == TRUE then<{eperandl) —— iszero then

BranchTo (PC[] + offset, BranchType JMP);
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(old) ISA v84A A64 _xml OObet7

CCMN (immediate)

ISA v84A A64 xml 00bet7 OPT

Conditional Compare Negative (immediate) sets the value of the condition flags to the result of the comparison of a register value and a negated

immediate value if the condition is TRUE, and an immediate value otherwise.

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

Isflo]1]1 1 0 1 0 0 1 0] imm5 |  cond
op
32-bit (sf == 0)

CCMN <Wn>, #<imm>, #<nzcv>, <cond>

64-bit (sf == 1)

CCMN <Xn>, #<imm>, #<nzcv>, <cond>

integer n = UInt (Rn);
integer datasize = if sf == 'l' then 64 else 32;
boolean—sub—op—=—Hop—"1"1 )

bits(4) flags = nzcv;
bits(datasize) imm = ZeroExtend (imm5, datasize);

Assembler Symbols

<Wn> Is the 32-bit name of the first general-purpose source register, encoded in the "Rn" field.

<Xn> Is the 64-bit name of the first general-purpose source register, encoded in the "Rn" field.

<imm> Is a five bit unsigned (positive) immediate encoded in the "imm5" field.

<nzcv> Is the flag bit specifier, an immediate in the range 0 to 15, giving the alternative state for the 4-bit NZCV condition flags,
encoded in the "nzcv" field.

<cond> Is one of the standard conditions, encoded in the "cond" field in the standard way.

Operation

bits(datasize) operandl = X[n];

bits(da"t_asjze) epe£and;g =  imms

if ConditionHolds (cond) then

H{econdition) then

7

AddWithCarry (operandl, imm, '0');

+{operandl;—operandi,—carryin)l5

PSTATE.<N,Z,C,V> = flags;
Operational information

If PSTATE.DIT is 1:
* 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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CCMN (register)
Conditional Compare Negative (register) sets the value of the condition flags to the result of the comparison of a register value and the inverse of

another register value if the condition is TRUE, and an immediate value otherwise.

31 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
Isflo]1]1 1 0 1 0 0 1 0] Rm cond [0]0] Rn 0]  nzev

op

32-bit (sf == 0)

CCMN <Wn>, <Wm>, #<nzcv>, <cond>

64-bit (sf == 1)

CCMN <Xn>, <Xm>, #<nzcv>, <cond>

integer n = UInt (Rn);

integer m = UInt (Rm);

integer datasize = if sf == 'l' then 64 else 32;
boolean—sub—op—=—Hop—"1"1 )

bits(4) flags = nzcv;

Assembler Symbols

<Wn> Is the 32-bit name of the first general-purpose source register, encoded in the "Rn" field.
<Wm> Is the 32-bit name of the second general-purpose source register, encoded in the "Rm" field.
<Xn> Is the 64-bit name of the first general-purpose source register, encoded in the "Rn" field.
<Xm> Is the 64-bit name of the second general-purpose source register, encoded in the "Rm" field.
<nzcv> Is the flag bit specifier, an immediate in the range 0 to 15, giving the alternative state for the 4-bit NZCV condition flags,
encoded in the "nzcv" field.
<cond> Is one of the standard conditions, encoded in the "cond" field in the standard way.
Operation
bits (datasize) operandl = X[n];
= X[m];

bits (datasize) operand?2

P 1.
7

if ConditionHolds (cond) then

“{condition) then

= AddWithCarry (operandl, operandz2, '0');

PSTATE.<N,%,C,V> = flags;
Operational information

If PSTATE.DIT is 1:
* 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:
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o The values of the data supplied in any of its registers.
o The values of the NZCV flags.
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CCMP (immediate)

ISA v84A A64 xml 00bet7 OPT

Conditional Compare (immediate) sets the value of the condition flags to the result of the comparison of a register value and an immediate value

if the condition is TRUE, and an immediate value otherwise.

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

Isf][1]1]1 1 0 1 0 0 1 0] imm5 |  cond

op

32-bit (sf == 0)

CCMP <Wn>, #<imm>, #<nzcv>, <cond>

64-bit (sf == 1)

CCMP <Xn>, #<imm>, #<nzcv>, <cond>

integer n = UInt (Rn);
integer datasize = if sf == 'l' then 64 else 32;
boolean—sub—op—=—Hop—"1"1 )

bits(4) flags = nzcv;
bits(datasize) imm = ZeroExtend (imm5, datasize);

Assembler Symbols

<Wn>

<Xn> Is the 64-bit name of the first general-purpose source register, encoded in the "Rn" field.

<imm> Is a five bit unsigned (positive) immediate encoded in the "imm5" field.

<nzcv> Is the flag bit specifier, an immediate in the range 0 to 15, giving the alternative state for the 4-bit NZCV condition flags,
encoded in the "nzcv" field.

<cond> Is one of the standard conditions, encoded in the "cond" field in the standard way.

Operation

Is the 32-bit name of the first general-purpose source register, encoded in the "Rn" field.

bits(datasize) operandl = X[n];

bits (datasize) operand2;

bits(da"t_asjze) epe£and;g =  imms

if ConditionHolds (cond) then
operand2 = NOT (imm) ;

H{condition) then

7

+{operandl;—operandi,—carryin)l;

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

Operational information

If PSTATE.DIT is 1:
* 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:

CCMP (immediate)

AddWithCarry (operandl, operand2, '1');
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o The values of the data supplied in any of its registers.
o The values of the NZCV flags.
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CCMP (register)

ISA v84A A64 xml 00bet7 OPT

Conditional Compare (register) sets the value of the condition flags to the result of the comparison of two registers if the condition is TRUE, and

an immediate value otherwise.

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

sf[1[1]1 1 0 1 0 0 1 O] Rm

op
32-bit (sf == 0)

CCMP <Wn>, <Wm>, #<nzcv>, <cond>

64-bit (sf == 1)
CCMP <Xn>, <Xm>, #<nzcv>, <cond>

integer n = UInt (R
integer m = UInt (Rm
integer datasize =
({
\

b lean cuib o=
o ==

bits(4) flags = nzcv;

Assembler Symbols

<Wn> Is the 32-bit name of the first general-purpose source register, encoded in the "Rn" field.
<Wm> Is the 32-bit name of the second general-purpose source register, encoded in the "Rm" field.
<Xn> Is the 64-bit name of the first general-purpose source register, encoded in the "Rn" field.
<Xm> Is the 64-bit name of the second general-purpose source register, encoded in the "Rm" field.
<nzcv> Is the flag bit specifier, an immediate in the range 0 to 15, giving the alternative state for the 4-bit NZCV condition flags,
encoded in the "nzcv" field.
<cond> Is one of the standard conditions, encoded in the "cond" field in the standard way.
Operation
bits (datasize) operandl = X[n];
= X[m];

bits (datasize) operand?2

P 1.
7

if ConditionHolds (cond) then
operand2 = NOT (operand2) ;

{condition)—then
—+f sub—op—then
———————operand2—=NOT{operandi)+

n — 17°1.
H =5

7

T 7 4

PSTATE.<N, Z,C,V> = flags;
Operational information

If PSTATE.DIT is 1:
» 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.

CCMP (register)

)

)

if sf == '1l' then 64 else 32;
P

AddWithCarry (operandl, operand2, '1l');
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* The response of this instruction to asynchronous exceptions does not vary based on:
o The values of the data supplied in any of its registers.
o The values of the NZCV flags.
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ISA v84A A64 xml 00bet7 htmldiff from- (new)
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CLS
Count leading sign bits: Rd = CLS (Rn).
31 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
[sf[1]0o]1 1 0 1 0 1 1 0[/0 0 0 0 0[O 0 0 1 0f1] Rn | Rd |
op
32-bit (sf == 0)
CLS <Wd>, <Wn>
64-bit (sf == 1)
CLS <Xd>, <Xn>
integer d = UInt (Rd);
integer n = UInt (Rn);
integer datasize = if sf == 'l' then 64 else 32;CountOp opecede — if op — '0' then CountOp CLZ else C
Assembler Symbols
<Wd> Is the 32-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Wn> Is the 32-bit name of the general-purpose source register, encoded in the "Rn" field.
<Xd> Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Xn> Is the 64-bit name of the general-purpose source register, encoded in the "Rn" field.

Operation

integer result;
bits (datasize) operandl = X[n];

result =if-opecode—= CountOpCLZ then
else
——resutt—CountleadingSignBits (operandl) ;

X[d] = result<datasize-1:0>;
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ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#CountOp
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ISA v84A A64 xml 00bet7 htmldiff from- (new)
(o1d) ISA v84A A64 xml OObet7  ISA v84A A64 xml 00bet7 OPT

CLz
Count leading zero bits: Rd = CLZ (Rn).
31 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
[sf[1]o]1 1 0 1 0 1 1 0[/0o 0 0 0 0[O 0 0 1 0f0] Rn | Rd |
op
32-bit (sf == 0)
CLZ <Wd>, <Wn>
64-bit (sf == 1)
CLZ <Xd>, <Xn>
integer d = UInt (Rd);
integer n = UInt (Rn);
integer datasize = if sf == 'l' then 64 else 32;CountOp opecede — if op — '0' then CountOp CLZ else C
Assembler Symbols
<Wd> Is the 32-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Wn> Is the 32-bit name of the general-purpose source register, encoded in the "Rn" field.
<Xd> Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Xn> Is the 64-bit name of the general-purpose source register, encoded in the "Rn" field.

Operation

integer result;
bits (datasize) operandl = X[n];

result =if-opecode—= CountOpCLZ then
—¥esutt — CountleadingZeroBitsHeperandi)+

else

— result — CountleadingSignBits (operandl) ;

X[d] = result<datasize-1:0>;
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ISA v84A A64 xml 00bet7

htmldiff from-

(old)

ISA_v84A A64_xml_00bet7

(new)
ISA v84A A64 xml 00bet7 OPT

CRC32B, CRC32H, CRC32W, CRC32X

CRC32 checksum performs a cyclic redundancy check (CRC) calculation on a value held in a general-purpose register. It takes an
input CRC value in the first source operand, performs a CRC on the input value in the second source operand, and returns the output CRC value.

The second source operand can be 8, 16, 32, or 64 bits. To align with common usage, the bit order of the values is reversed as part of the

operation, and the polynomial 0x04C11DB?7 is used for the CRC calculation.

In ARMv8-A, this is an OPTIONAL instruction, and in ARMvS.1 it is mandatory for all implementations to implement it.

ID AA64ISAR0_ELI.CRC32 indicates whether this instruction is supported.

31 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 0
IsfloJo]1 1 0 1 0 1 1 0] Rm |0 1 0]o] sz | Rn | Rd |
C
CRC32B (sf == 0 && sz == 00)
CRC32B <Wd>, <Wn>, <Wm>
CRC32H (sf == 0 && sz == 01)
CRC32H <Wd>, <Wn>, <Wm>
CRC32W (sf == 0 && sz == 10)
CRC32W <Wd>, <Wn>, <Wm>
CRC32X (sf==1 && sz ==11)
CRC32X <Wd>, <Wn>, <Xm>
if !HaveCRCExt () then UnallocatedEncoding() ;
integer d = UInt (Rd);
integer n = UInt (Rn);
integer m = UInt (Rm);
if sf == '1'" && sz != '11'" then UnallocatedEncoding() ;
if sf == '0' && sz == '11' then UnallocatedEncoding() ;
integer size = 8 << Ulnt(sz) ;+¥sz); fA—2-bit—si field 8,16, 32,64
b ] N e ~D A (O —— VTV .
ks B T B A} =77
Assembler Symbols
<Wd> Is the 32-bit name of the general-purpose accumulator output register, encoded in the "Rd" field.
<Wn> Is the 32-bit name of the general-purpose accumulator input register, encoded in the "Rn" field.
<Xm> Is the 64-bit name of the general-purpose data source register, encoded in the "Rm" field.
<Wm> Is the 32-bit name of the general-purpose data source register, encoded in the "Rm" field.
CRC32B, CRC32H, CRC32W, Page 108
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Operation

bits(32) acc = X[n]; // accumulator
bits(size) val = X[m]; // input value
x04C11DB7<31:0>;

bits (32) poly = 0
Imls—//dnput-value
by 30 ] — e 30 ; Ox1EDCEEAL ol 0x%04ACLIDBT)I <3105

bits (32+size) tempacc = BitReverse (acc) :H4aee)—<Zeros(size);
bits(size+32) tempval = BitReverse (val) :{#al)—+Zeros (32);

// Poly32Mod2 on a bitstring does a polynomial Modulus over {0,1} operation
X[d] = BitReverse (Poly32Mod2 (tempacc EOR tempval, poly));

Operational information

If PSTATE.DIT is 1:
* 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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ISA v84A A64 xml 00bet7

htmldiff from-

(old)

ISA_v84A A64_xml_00bet7

CRC32CB, CRC32CH, CRC32CW, CRC32CX

(new)
ISA v84A A64 xml 00bet7 OPT

CRC32 checksum performs a cyclic redundancy check (CRC) calculation on a value held in a general-purpose register. It takes an

input CRC value in the first source operand, performs a CRC on the input value in the second source operand, and returns the output CRC value.
The second source operand can be 8, 16, 32, or 64 bits. To align with common usage, the bit order of the values is reversed as part of the

operation, and the polynomial 0x

1EDC6F41 is used for the CRC calculation.

In ARMv8-A, this is an OPTIONAL instruction, and in ARMvS.1 it is mandatory for all implementations to implement it.
ID AA64ISAR0_ELI.CRC32 indicates whether this instruction is supported.

31 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

IsfloJo]1 1 0 1 0 1 1 0] Rm |0 1 0]1] sz | Rn | Rd |
C
CRC32CB (sf == 0 && sz == 00)
CRC32CB <Wd>, <Wn>, <Wm>
CRC32CH (sf == 0 && sz == 01)
CRC32CH <Wd>, <Wn>, <Wm>
CRC32CW (sf == 0 && sz == 10)
CRC32CW <Wd>, <Wn>, <Wm>
CRC32CX (sf==1 && sz == 11)
CRC32CX <Wd>, <Wn>, <Xm>
if !HaveCRCExt () then UnallocatedEncoding() ;
integer d = UInt (Rd);
integer n = UInt (Rn);
integer m = UInt (Rm);
if sf == '1'" && sz != '11'" then UnallocatedEncoding() ;
if sf == '0' && sz == '11' then UnallocatedEncoding() ;
integer size = 8 << Ulnt(sz) ;+¥sz); fA—2-bit—si field 8,16, 32,64
boolean crci32c = (C == '1");

Assembler Symbols

<Wd>
<Wn>
<Xm>

<Wm>

CRC32CB, CRC32CH, CRC32CW,

CRC32CX

Is the 32-bit name of the general-purpose accumulator output register, encoded in the "Rd" field.
Is the 32-bit name of the general-purpose accumulator input register, encoded in the "Rn" field.
Is the 64-bit name of the general-purpose data source register, encoded in the "Rm" field.

Is the 32-bit name of the general-purpose data source register, encoded in the "Rm" field.
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Operation

bits(32) acc = X[n]; // accumulator
bits(size) val = X[m]; // input value
bits (32) poly = Ox1EDC6F41<31:0>;

Imls—//dnput-value
bite(32 ] e 32 ) OxIEDC6EAL else 0x0ACIIDBT)<31:05s

bits (32+size) tempacc = BitReverse (acc) :H4aee)—<Zeros(size);
bits(size+32) tempval = BitReverse (val) :{#al)—+Zeros (32);

// Poly32Mod2 on a bitstring does a polynomial Modulus over {0,1} operation
X[d] = BitReverse (Poly32Mod2 (tempacc EOR tempval, poly));

Operational information

If PSTATE.DIT is 1:
* 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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No instruction other than branch instructions appearing in program order after the CSDB can be speculatively executed using the results of any:
« Data value predictions of any instructions.
* PSTATE.{N,Z,C,V} predictions of any instructions other than conditional branch instructions appearing in program order before the CSDB
that have not been architecturally resolved.
« Predictions of SVE prediction state for any SVE instructions.
For purposes of the definition of CSDB, PSTATE.{N,Z,C,V} is not considered a data value. This definition permits:
« Control flow speculation before and after the CSDB.
* Speculative execution of conditional data processing instructions after the CSDB, unless they use the results of data value or
PSTATE.{N,Z,C,V} predictions of instructions appearing in program order before the CSDB that have not been architecturally resolved.
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Conditional Select returns, in the destination register, the value of the first source register if the condition is TRUE, and otherwise returns the

value of the second source 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
IsfloJo]1 1 0 1 0 1 0 0] Rm cond [0]0] Rn | Rd |
op 02
32-bit (sf == 0)
CSEL <Wd>, <Wn>, <Wm>, <cond>
64-bit (sf == 1)
CSEL <Xd>, <Xn>, <Xm>, <cond>
integer d = UInt (Rd);
integer n = UInt (Rn);
integer m = UInt (Rm);
integer datasize = if sf == 'l' then 64 else 32;integer datast = 3£ sf£ — "1 then 64 <1 32+
b 1 an 1a 1Nz = (o —— 171) .
boolean else in top 1Y)
boolean—-elsedne—=—Ho2——"'11);
Assembler Symbols
<Wd> Is the 32-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Wn> Is the 32-bit name of the first general-purpose source register, encoded in the "Rn" field.
<Wm> Is the 32-bit name of the second general-purpose source register, encoded in the "Rm" field.
<Xd> Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Xn> Is the 64-bit name of the first general-purpose source register, encoded in the "Rn" field.
<Xm> Is the 64-bit name of the second general-purpose source register, encoded in the "Rm" field.
<cond> Is one of the standard conditions, encoded in the "cond" field in the standard way.
Operation
bits (datasize) result;
bits(datasize) operandl = X[n];
bits(datasize) operand2 = X[m];
if ConditionHolds (cond) then
s ;
result = operandl;
else
result = operand2; result = operand?
if else dinv-then result = NOT{result)
if els _1n’* then result = result + 1
X[d] = result;
Operational information
If PSTATE.DIT is 1:
* The execution time of this instruction is independent of:
o The values of the data supplied in any of its registers.
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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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CSINC

Conditional Select Increment returns, in the destination register, the value of the first source register if the condition is TRUE, and otherwise
returns the value of the second source register incremented by 1.

This instruction is used by the aliases CINC, and CSET.

31 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

IsfloJo]1 1 0 1 0 1 0 0] Rm cond [0[1] Rn | Rd |
op 02
32-bit (sf == 0)

CSINC <Wd>, <Wn>, <Wm>, <cond>

64-bit (sf == 1)

CSINC <Xd>, <Xn>, <Xm>, <cond>

integer d = UInt (Rd);

integer n = UInt (Rn);

integer m = UInt (Rm);

integer datasize = if sf == 'l' then 64 else 32;integer datast = 3£ sf — '"1' then 64 else 327

b 1 an 1a 1Nz = (o —— V] T1) .

boolean else in top 1Y)

b 1 an 1a 1Tna — (D —— V]T) .

b~ == LT =S — TT A} = 7T

Assembler Symbols
<Wd> Is the 32-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Wn> Is the 32-bit name of the first general-purpose source register, encoded in the "Rn" field.
<Wm> Is the 32-bit name of the second general-purpose source register, encoded in the "Rm" field.
<Xd> Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Xn> Is the 64-bit name of the first general-purpose source register, encoded in the "Rn" field.
<Xm> Is the 64-bit name of the second general-purpose source register, encoded in the "Rm" field.
<cond> Is one of the standard conditions, encoded in the "cond" field in the standard way.
Alias Conditions
Alias Is preferred when
CINC Rm != "11111" && cond != '"1l1llx' && Rn != '11111' && Rn == Rm
CSET == '11111"'" && cond != '"111lx' && Rn == "'11111"'
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Operation

bits(datasize) result;
bits (datasize) operandl =
bits (datasize) operand?2

if ConditionHolds (cond) then
T ;

result = operandl;

else
result = operand2 + 1; result = operand?;
Lf ol ; \ 1+ - NoT 1oy,
if else inc then result = result + 1;

X[d] = result;

Operational information

If PSTATE.DIT is 1:
* 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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ISA v84A A64 xml 00bet7 htmldiff from- (new)
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CSINV

Conditional Select Invert returns, in the destination register, the value of the first source register if the condition is TRUE, and otherwise returns
the bitwise inversion value of the second source register.

This instruction is used by the aliases CINV, and CSETM.

31 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

Isf[1[0[1 1 0 1 0 1 0 O] Rm cond [0]0] Rn | Rd |
op 02
32-bit (sf == 0)

CSINV <Wd>, <Wn>, <Wm>, <cond>

64-bit (sf == 1)

CSINV <Xd>, <Xn>, <Xm>, <cond>

integer d = UInt (Rd);

integer n = UInt (Rn);

integer m = UInt (Rm);

integer datasize = if sf == 'l' then 64 else 32;integer datast = 3£ sf — '"1' then 64 else 327

b 1 an 1a 1Nz = (o —— V] T1) .

boolean else in top 1Y)

b 1 an 1a 1Tna — (D —— V]T) .

b~ == LT =S — TT A} = 7T

Assembler Symbols
<Wd> Is the 32-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Wn> Is the 32-bit name of the first general-purpose source register, encoded in the "Rn" field.
<Wm> Is the 32-bit name of the second general-purpose source register, encoded in the "Rm" field.
<Xd> Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Xn> Is the 64-bit name of the first general-purpose source register, encoded in the "Rn" field.
<Xm> Is the 64-bit name of the second general-purpose source register, encoded in the "Rm" field.
<cond> Is one of the standard conditions, encoded in the "cond" field in the standard way.
Alias Conditions
Alias Is preferred when
CINV Rm != "11111"' && cond != '1lllx' && Rn != '11111' && Rn == Rm
CSETM Rm == '11111' && cond != '11llx' && Rn == '11111"'
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Operation

bits(datasize) result;
bits (datasize) operandl =
bits (datasize) operand?2

if ConditionHolds (cond) then
T ;

result = operandl;

else
result = NOT (operand?) ;—result = operand2;
Lf ol ; \ 1+ - NoT 1oy,

1 £ 1o 1ine then raoor
2=25 == == cHeHR—FeS

X[d] = result;
Operational information

If PSTATE.DIT is 1:
* 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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CSNEG

Conditional Select Negation returns, in the destination register, the value of the first source register if the condition is TRUE, and otherwise
returns the negated value of the second source register.

This instruction is used by the alias CNEG.

31 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

Isf/[1]0]1 1 0 1 0 1 0 0] Rm cond [0[1] Rn | Rd |
op 02
32-bit (sf == 0)

CSNEG <Wd>, <Wn>, <Wm>, <cond>

64-bit (sf == 1)

CSNEG <Xd>, <Xn>, <Xm>, <cond>

integer d = UInt (Rd);
integer n = UInt (Rn);
integer m = UInt (Rm);
integer datasize = if sf == 'l' then 64 else 32;integer datast = 3£ sf — '"1' then 64 else 327
b 1 an 1a 1Nz = (o —— V] T1) .
boolean else in top 1Y)
b 1 an 1a 1Tna — (D —— V]T) .
b~ == LT =S — TT A} = 7T
Assembler Symbols
<Wd> Is the 32-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Wn> Is the 32-bit name of the first general-purpose source register, encoded in the "Rn" field.
<Wm> Is the 32-bit name of the second general-purpose source register, encoded in the "Rm" field.
<Xd> Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Xn> Is the 64-bit name of the first general-purpose source register, encoded in the "Rn" field.
<Xm> Is the 64-bit name of the second general-purpose source register, encoded in the "Rm" field.
<cond> Is one of the standard conditions, encoded in the "cond" field in the standard way.
Alias Conditions
Alias Is preferred when
CNEG cond != '1lllx' && Rn == Rm
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Operation

bits(datasize) result;
bits (datasize) operandl =
bits (datasize) operand?2

if ConditionHolds (cond) then
T ;

result = operandl;

else
result = NOT (operand2) ;
result = result + 1; result = operand?;

1 £ 1o 1ine then raoor
E= == == = T S

X[d] = result;
Operational information

If PSTATE.DIT is 1:
* The execution time of this instruction is independent of:
o The values of the data supplied in any of its registers.
o The values of the NZCV flags.
* The response of this instruction to asynchronous exceptions does not vary based on:
o The values of the data supplied in any of its registers.
o The values of the NZCV flags.
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DCPS1

Debug Change PE State to EL1, when executed in Debug state:
+ If executed at ELO changes the current Exception level and SP to EL1 using SP_EL1.
* Otherwise, if executed at ELx, selects SP_ELx.
The target exception level of a DCPSI instruction is:
» EL1 if the instruction is executed at ELO.
* Otherwise, the Exception level at which the instruction is executed.
When the target Exception level of a DCPSI1 instruction is ELx, on executing this instruction:
* ELR ELx becomes UNKNOWN.
* SPSR _ELx becomes UNKNOWN.
* ESR ELx becomes UNKNOWN.
* DLR ELO and DSPSR _EL0 become UNKNOWN.
* The endianness is set according to SCTLR_ELx.EE.
This instruction is UNDEFINED at ELO in Non-secure state if EL2 is implemented and HCR_EL2.TGE == 1.
This instruction is always UNDEFINED in Non-debug state.
For more information on the operation of the DCPSn instructions, see DCPS.

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
/1710 1 0 10 0[1 0 1] imm16 o 0 ofo0 1]
LL
System
DCPS1 {#<imm>}
if !bits{2) Target level = LL;
a'g ;; —_ IO()I EheHUHaJJeea‘éedEHeediﬁg();

£ 1lHalted () then AArch64.UndefinedFault () ;

Assembler Symbols
<imm> Is an optional 16-bit unsigned immediate, in the range 0 to 65535, defaulting to 0 and encoded in the "imm16" field.

Operation

DCPSInstruction (LL) ; {eargettevel)
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DCPS2

Debug Change PE State to EL2, when executed in Debug state:

+ Ifexecuted at ELO or EL1 changes the current Exception level and SP to EL2 using SP_EL2.
* Otherwise, if executed at ELx, selects SP_ELx.

The target exception level of a DCPS2 instruction is:

« EL2 if the instruction is executed at an exception level that is not EL3.
» EL3 if the instruction is executed at EL3.

When the target Exception level of a DCPS2 instruction is ELx, on executing this instruction:

* ELR ELx becomes UNKNOWN.

* SPSR _ELx becomes UNKNOWN.

* ESR ELx becomes UNKNOWN.

* DLR ELO and DSPSR _EL0 become UNKNOWN.

* The endianness is set according to SCTLR_ELx.EE.

This instruction is UNDEFINED at the following exception levels:

» All exception levels if EL2 is not implemented.
* AtELO and EL1 in Secure state if EL2 is implemented.

This instruction is always UNDEFINED in Non-debug state.
For more information on the operation of the DCPSn instructions, see DCPS.

31 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
[11 01 01 0 0[1 0 1] imm16 |

I=1ES
(@) [}
ofn
NN
oo

LL

System

DCPS2 {#<imm>}

if lbits{2)targetJdevel =L
iif II p— lggl theHUHaJJeeatedEHeeda’Hg()'
af lHalted () then AArch64.UndefinedFault () ;

Assembler Symbols

<imm> Is an optional 16-bit unsigned immediate, in the range 0 to 65535, defaulting to 0 and encoded in the "imm16" field.

Operation

DCPSInstruction (LL) ; fearget—tevel) 5+
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DCPS3

Debug Change PE State to EL3, when executed in Debug state:

» Ifexecuted at EL3 selects SP_EL3.
» Otherwise, changes the current Exception level and SP to EL3 using SP_EL3.

The target exception level of a DCPS3 instruction is EL3.
On executing a DCPS3 instruction:

* ELR EL3 becomes UNKNOWN.

* SPSR _EL3 becomes UNKNOWN.

* ESR EL3 becomes UNKNOWN.

* DLR EL(Oand DSPSR_EL( become UNKNOWN.

* The endianness is set according to SCTLR_EL3.EE.

This instruction is UNDEFINED at all exception levels if either:

« EDSCR.SDD ==1.
* EL3 is not implemented.

This instruction is always UNDEFINED in Non-debug state.
For more information on the operation of the DCPSn instructions, see DCPS.

31 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
/1710 1 0 10 0[1 0 1] imm16 o 0 o1 1]

System

DCPS3 {#<imm>}

£ 1lHalted () then AArch64.UndefinedFault () ;

Assembler Symbols
<imm> Is an optional 16-bit unsigned immediate, in the range 0 to 65535, defaulting to 0 and encoded in the "imm16" field.

Operation

DCPSInstruction (LL) ; {eargettevel)
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DMB

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

31 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
/17101010 100[0[0o0[011][0011] CRm [1]0 1]1 1 1 1 1|

System

DMB <option>|#<imm>

MemBarrierOp op;
MBRegDomain domain;
MBRegTypes types;

7

case CRm<3:2> of
when '00' domain
when '01' domain
when '10' domain
when '11' domain

MBRegDomain OuterShareable;
MBRegDomain Nonshareable;
MBRegDomain InnerShareable;
MBRegDomain FullSystem;

case CRm<1:0> of
when '0l1' types
when '10' types
when 'll' types
otherwise
if CRm<3:2> == '00' then
op = MemBarrierOp SSBB;
elsif CRm<3:2> == '01' then
op = MemBarrierOp PSSBB;
@LeRE
types = MBReqTypes All;
domain = MBRegDomain FullSystem;

MBRegTypes Reads;
MBRegTypes Writes;
MBRegTypes All;

Assembler Symbols

<option> Specifies the limitation on the barrier operation. Values are:
SY
Full system is the required shareability domain, reads and writes are the required access types, both before and after the
barrier instruction. This option is referred to as the full system barrier. Encoded as CRm = 0b1111.

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

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

ISH

Inner Shareable is the required shareability domain, reads and writes are the required access types, both before and after the
barrier instruction. Encoded as CRm = 0b1011.
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ISHST
Inner Shareable is the required shareability domain, writes are the required access type, both before and after the barrier
instruction. Encoded as CRm = 0b1010.

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

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

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

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

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

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

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

All other encodings of CRm that are not listed above are reserved, and can be encoded using the #<imm> syntax. It is
IMPLEMENTATION DEFINED whether options other than SY are implemented. All unsupported and reserved options must
execute as a full system barrier operation, but software must not rely on this behavior. For more information on whether an
access is before or after a barrier instruction, see Data Memory Barrier (DMB) or see Data Synchronization Barrier (DSB).

<imm> Is a 4-bit unsigned immediate, in the range 0 to 15, encoded in the "CRm" field.

Operation

case op of
when MemBarrierOp DSBDataSynchronizationBarrier (domain, types);
when MemBarrierOp DMBDataMemoryBarrier (domain, types);
when MemBarrierOp ISBInstructionSynchronizationBarrier () ;
when MemBarrierOp SSBBSpeculativeSynchronizationBarrierToVA() ;
when MemBarrierOp PSSBBSpeculativeSynchronizationBarrierToPA() ;
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DSB

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

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
/17101010 10o0[0[00[0 1 1[0 0 1 1] 1=0oxc0 [1]0 01 1 1 1 1]
CRm opc

System

DSB <option>|#<imm>

MemBarrierOp op;
MBRegDomain domain;
MBRegTypes types;

op =ease—ope—of
when—' 00 e6p = MemBarrierOp DSB;
case CRm<3:2> of

when '00' domain = whear—01'op—= MemBarrierOp DPMB;+

aaa CRmMm<LR D £
T<Ht g e

when— 00 demain — MBRegDomain OuterShareable;
when '0l1' domain = MBRegDomain Nonshareable;
when '10' domain = MBRegDomain InnerShareable;
when '1l1' domain = MBRegDomain FullSystem;

case CRm<1:0> of
when '0l1' types
when '10' types
when 'll' types
otherwise
if CRm<3:2> == '00' then
op = MemBarrierOp SSBB;
elsif CRm<3:2> == '01' then
op = MemBarrierOp PSSBB;
@LeRE
types = MBReqTypes All;
domain = MBRegDomain FullSystem;

MBRegTypes Reads;
MBRegTypes Writes;
MBRegTypes All;

Assembler Symbols

<option> Specifies the limitation on the barrier operation. Values are:
SY
Full system is the required shareability domain, reads and writes are the required access types, both before and after the
barrier instruction. This option is referred to as the full system barrier. Encoded as CRm = 0b1111.

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

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

ISH

Inner Shareable is the required shareability domain, reads and writes are the required access types, both before and after the
barrier instruction. Encoded as CRm = 0b1011.
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ISHST
Inner Shareable is the required shareability domain, writes are the required access type, both before and after the barrier
instruction. Encoded as CRm = 0b1010.

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

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

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

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

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

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

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

All other encodings of CRm that are not listed above are reserved, and can be encoded using the #<imm> syntax. It is
IMPLEMENTATION DEFINED whether options other than SY are implemented. All unsupported and reserved options must
execute as a full system barrier operation, but software must not rely on this behavior. For more information on whether an
access is before or after a barrier instruction, see Data Memory Barrier (DMB) or see Data Synchronization Barrier (DSB).

<imm> Is a 4-bit unsigned immediate, in the range 0 to 15, encoded in the "CRm" field.

Operation

case op of
when MemBarrierOp DSBDataSynchronizationBarrier (domain, types);
when MemBarrierOp DMBDataMemoryBarrier (domain, types);
when MemBarrierOp ISBInstructionSynchronizationBarrier () ;
when MemBarrierOp SSBBSpeculativeSynchronizationBarrierToVA() ;
when MemBarrierOp PSSBBSpeculativeSynchronizationBarrierToPA() ;
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EON (shifted register)

Bitwise Exclusive OR NOT (shifted register) performs a bitwise Exclusive OR NOT of a register value and an optionally-shifted register value,
and writes the result to the destination 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
Isf[1 0]0 1 0 1 0] shift [1] Rm imm6 | Rn | Rd |
opc N

32-bit (sf == 0)
EON <Wd>, <Wn>, <Wm>{, <shift> #<amount>}
64-bit (sf == 1)

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

integer d = UInt (Rd)
integer n = UInt (Rn)
integer m = UInt (Rm);

= 4

integer datasize if sf == '1l' then 64 else 32;
if sf == '0' && imm6<5> == 'l1' thenbeoelean setflags; LogicalOpop+
ease ope of
1 \i — —
1 \i — —
1 \i — —
1 \i — —
if sf — '0' §& immb<5>——'"1' £then ReservedValue();

ShiftType shift type = DecodeShift (shift);
integer shift amount = UInt (imm6) ; {Gmmé)7

b lean 1nvert — (N —— 171\ .
£, =SSt LY )7

Assembler Symbols

<Wd> Is the 32-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Wn> Is the 32-bit name of the first general-purpose source register, encoded in the "Rn" field.
<Wm> Is the 32-bit name of the second general-purpose source register, encoded in the "Rm" field.
<Xd> Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Xn> Is the 64-bit name of the first general-purpose source register, encoded in the "Rn" field.
<Xm> Is the 64-bit name of the second general-purpose source register, encoded in the "Rm" field.
<shift> Is the optional shift to be applied to the final source, defaulting to LSL and encoded in “shift”:
shift <shift>

00 LSL

01 LSR

10 ASR

11 ROR
<amount> For the 32-bit variant: is the shift amount, in the range 0 to 31, defaulting to 0 and encoded in the "imm6" field.

For the 64-bit variant: is the shift amount, in the range 0 to 63, defaulting to 0 and encoded in the "imm6" field,
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Operation

bits(datasize) operandl = X[n];
bits (datasize) operand?2 ShiftReg(m, shift type, shift amount);

operand2 = NOT (operand?2) ;

result = operandl EOR operand2;case—ep—of

X[d] = result;
Operational information

If PSTATE.DIT is 1:
¢ The execution time of this instruction is independent of:
o The values of the data supplied in any of its registers.
o The values of the NZCV flags.
* The response of this instruction to asynchronous exceptions does not vary based on:
o The values of the data supplied in any of its registers.
o The values of the NZCV flags.
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EOR (vector)

Bitwise Exclusive OR (vector). This instruction performs a bitwise Exclusive OR operation between the two source SIMD&FP registers, and
places the result in the destination SIMD&FP register.

Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

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
loJQ]1]Jo 1 1 1 oo of1] Rm o 0 0 1 1]1] Rn | Rd |
opc2

Three registers of the same type

EOR <Vd>.<T>, <Vn>.<T>, <Vm>.<T>

integer d = UInt(Rd);

integer n = UInt(Rn);

integer m = UInt (Rm);

integer datasize = if Q == 'l' then 128 else 64;integer esize — 87
integer datasize — £ O — "1 ' then 128 else 64

Assembler Symbols

<Vd> Is the name of the SIMD&FP destination register, encoded in the "Rd" field.
<T> Is an arrangement specifier, encoded in “Q”:

Q <T>

0 8B

1 16B
<Vn> Is the name of the first SIMD&FP source register, encoded in the "Rn" field.
<Vm> Is the name of the second SIMD&FP source register, encoded in the "Rm" field.
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Operation

CheckFPAdvSIMDEnabled64 () ;

bits (datasize) operandl;

bits (datasize) operand2;
bits(datasize) operand3;
bits(datasize) operand4 = V[n];

operandl =

V[m];
Zeros () ;
Ones|

operand2 =

O
o]

o

=

Q

=)

Q.
w

|

————operand3 = NOT{V ()

;-

V[d] = operandl EOR ((operand2 EOR operand4) AND operand3);

Operational information

If PSTATE.DIT is 1:
¢ The execution time of this instruction is independent of:
o The values of the data supplied in any of its registers.
o The values of the NZCV flags.
* The response of this instruction to asynchronous exceptions does not vary based on:
o The values of the data supplied in any of its registers.
o The values of the NZCV flags.
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EOR (immediate)

Bitwise Exclusive OR (immediate) performs a bitwise Exclusive OR of a register value and an immediate value, and writes the result to the

destination register.

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
Isf[1 0]1 0 0 1 0 O[N] immr imms | Rn | Rd |
opc
32-bit (sf == 0 && N == 0)
EOR <Wd|WSP>, <Wn>, #<imm>
64-bit (sf == 1)
EOR <Xd|SP>, <Xn>, #<imm>
integer d = UInt (Rd);
integer n = UInt (Rn);
integer datasize = if sf == 'l' then 64 else 32;
bits (datasize) imm;
if sf == '0' & N != '0' thenbeolean-sctflags; LogicalOp-op
S ISR Re servedValue () ;
(imm, -) = DecodeBitMasks (N, imms, immr, TRUE) ;
Assembler Symbols
<Wd|WSPp> Is the 32-bit name of the destination general-purpose register or stack pointer, encoded in the "Rd" field.
<Wn> Is the 32-bit name of the general-purpose source register, encoded in the "Rn" field.
<Xd|SP> Is the 64-bit name of the destination general-purpose register or stack pointer, encoded in the "Rd" field.
<Xn> Is the 64-bit name of the general-purpose source register, encoded in the "Rn" field.
<imm> For the 32-bit variant: is the bitmask immediate, encoded in "imms:immr".
For the 64-bit variant: is the bitmask immediate, encoded in "N:imms:immr".
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Operation

bits(datasize) result;
bits(datasize) operandl = X[n];

result = operandl EOR imm;

if d == 31 theneaseepst

[] = result;
else
X[d] = result;

Operational information

If PSTATE.DIT is 1:

¢ The execution time of this instruction is independent of:
o The values of the data supplied in any of its registers.
o The values of the NZCV flags.
* The response of this instruction to asynchronous exceptions does not vary based on:
o The values of the data supplied in any of its registers.
o The values of the NZCV flags.
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EOR (shifted register)

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

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
Isf[1 0]0 1 0 1 0] shit [0] Rm imm6 | Rn | Rd |
opc N

32-bit (sf == 0)
EOR <Wd>, <Wn>, <Wm>{, <shift> #<amount>}
64-bit (sf == 1)

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

integer d = UInt (Rd)
integer n = UInt (Rn)
integer m = UInt (Rm);

= 4

integer datasize if sf == '1l' then 64 else 32;
if sf == '0' && imm6<5> == 'l1' thenbeoelean setflags; LogicalOpop+
ease ope of
1 \i — —
1 \i — —
1 \i — —
1 \i — —
if sf — '0' §& immb<5>——'"1' £then ReservedValue();

ShiftType shift type = DecodeShift (shift);
integer shift amount = UInt (imm6) ; {Gmmé)7

b lean 1nvert — (N —— 171\ .
£, =SSt LY )7

Assembler Symbols

<Wd> Is the 32-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Wn> Is the 32-bit name of the first general-purpose source register, encoded in the "Rn" field.
<Wm> Is the 32-bit name of the second general-purpose source register, encoded in the "Rm" field.
<Xd> Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Xn> Is the 64-bit name of the first general-purpose source register, encoded in the "Rn" field.
<Xm> Is the 64-bit name of the second general-purpose source register, encoded in the "Rm" field.
<shift> Is the optional shift to be applied to the final source, defaulting to LSL and encoded in “shift”:
shift <shift>

00 LSL

01 LSR

10 ASR

11 ROR
<amount> For the 32-bit variant: is the shift amount, in the range 0 to 31, defaulting to 0 and encoded in the "imm6" field.

For the 64-bit variant: is the shift amount, in the range 0 to 63, defaulting to 0 and encoded in the "imm6" field,
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Operation

bits (datasize) operandl
bits (datasize) operand?2

X[n];
ShiftReg(m, shift type, shift amount);

result = operandl EOR operand?;E iAvest Ehen operandd = NOE(oparandzys

X[d] = result;

Operational information

If PSTATE.DIT is 1:

¢ The execution time of this instruction is independent of:
o The values of the data supplied in any of its registers.
o The values of the NZCV flags.
* The response of this instruction to asynchronous exceptions does not vary based on:
o The values of the data supplied in any of its registers.
o The values of the NZCV flags.
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ERET

Exception Return using the ELR and SPSR for the current Exception level. When executed, the PE restores PSTATE from the SPSR, and
branches to the address held in the ELR.

The PE checks the SPSR for the current Exception level for an illegal return event. See lllegal return events from AArch64 state.
ERET is UNDEFINED at ELO.

31 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
110101 1]/o[1 0 0[1 111 1][0o0o0o0f0f0[1 1 1 11
A M Rn op4

System

ERET

if PSTATE.EL == ELO then UnallocatedEncoding();-

Operation

TRUE) ;

o
2
b
0]
>
s
=~
Q
B
Q
(0]
®
I

[n]
Q
)
(&)
S
Q
&
(0]
Q
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e
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=
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o]
gl
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=
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=]

ELR[] ;i

AArch64.ExceptionReturn (target, SPSRI[]):;
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ERETAA, ERETAB

Exception Return, with pointer authentication. This instruction authenticates the address in ELR, using SP as the modifier and the specified key,
the PE restores PSTATE from the SPSR for the current Exception level, and branches to the authenticated address.

Key A is used for ERETAA, and key B is used for ERETAB.
If the authentication passes, the PE continues execution at the target of the branch. If the authentication fails, a Translation fault is generated.

The authenticated address is not written back to ELR.
The PE checks the SPSR for the current Exception level for an illegal return event. See lllegal return events from AArch64 state.

ERETAA and ERETAB are UNDEFINED at ELO.
Integer
(ARMvS.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 3 2
/110 1 0 1 1]Jo]1 0 0[1 111 1]/00 0 O0[1[M[1T 1 1 1 1]1 1 1 1]
A Rn op4

ERETAA (M == 0)
ERETAA

ERETAB (M == 1)

ERETAB
if PSTATE.EL == ELO then UnallocatedEncoding() ;
b ] a9 o~ o — (N I‘II\.
beoeolean pa (A »
boolean use key a = (M == '0'");
if arFLpa&&&—epll—'—O-G-O-G-O—EheaU-ﬂaﬁeea-EeéEﬁeeé&ﬂg—HT
elsif paec && (LHavePACExt-o—+topd1="11111 ") then

UnallocatedEncoding () then—(—)—,-

1€ Ry l— 11777171 ' +han
+E—F 5

B b

Operation

AArch64.CheckForERetTrap (TRUE, use key a);
bits (64) target;

if use key a then

target =H{pac;—usekey )i

if pac then
if use key o then
target—AuthIA(ELR[], SPI[]):
else

target = AuthIB(ELR[], SP[]);

AArcho64.ExceptionReturn (target, SPSRI[]);
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ESB
Error Synchronization Barrier is an error synchronization event that might also update DISR_EL1 and VDISR EL2.
This instruction can be used at all Exception levels and in Debug state.
In Debug state, this instruction behaves as if SError interrupts are masked at all Exception levels. See Error Synchronization Barrier in the
ARM(R) Reliability, Availability, and Serviceability (RAS) Specification, ARMvVS, for ARMv8-A architecture profile.
If the RAS Extension is not implemented, this instruction executes as a NOP.
System
(ARMv8.2)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
/1101010 10o0/0[0 0[O0 1 1[0 0 1 0[0O01o0[0OO0O0O[1T 11 1 1]
CRm op2
System
ESB

Systemiintopif lepi

HaveRASExXt

() thenl

EndOfInstruction() ;
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Operation

S REEREE RS yr chron L seErrors () ;

AArch64 .ESBOperation () ;
if EL2Enabled() && PSTATE.EL IN {ELO, EL1l} then AArch64.vESBOperation() ;
TakeUnmaskedSErrorInterrupts-

—
-
~e
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EXT

Extract vector from pair of vectors. This instruction extracts the lowest vector elements from the second source SIMD&FP register and the
highest vector elements from the first source SIMD&FP register, concatenates the results into a vector, and writes the vector to the destination
SIMD&FP register vector. The index value specifies the lowest vector element to extract from the first source register, and consecutive elements
are extracted from the first, then second, source registers until the destination vector is filled.

The following figure shows an example of the operation of EXT doubleword operation for Q = 0 and imm4<2:0> = 3.

76543210 76543210

v L v [ I T

vg [T TTT11]
Depending on the settings in the CPACR _ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

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
[o]Q@]1 0 1 1 1 o]Jo oJo] Rm o] imm4  JO] Rn | Rd |

Advanced SIMD

EXT <Vd>.<T>, <Vn>.<T>, <Vm>.<T>, #<index>

integer d = UInt (Rd);

integer n = UInt(Rn);

integer m = UInt (Rm);

if Q == '0' && imm4<3> == 'l' then UnallocatedEncoding() ;

integer datasize if Q == '1l' then 128 else 64;
integer position = Ulnt (imm4) << 3;

Assembler Symbols

<Vd> Is the name of the SIMD&FP destination register, encoded in the "Rd" field.
<T> Is an arrangement specifier, encoded in “Q”:
Q <T>
0 8B
1 16B
<Vn> Is the name of the first SIMD&FP source register, encoded in the "Rn" field.
<Vm> Is the name of the second SIMD&FP source register, encoded in the "Rm" field.
<index> Is the lowest numbered byte element to be extracted, encoded in “Q:imm4”:
Q imm4<3> <index>
0 0 imm4<2:0>
0 1 RESERVED
1 X imm4
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Operation

CheckFPAdvSIMDEnabled64 () ;
bits(datasize) hi = V[m];
bits (datasize) lo = V[n];
bits (datasize*2) concat

V[d] = concat<position+datasize-l:position>;
Operational information

If PSTATE.DIT is 1:

* 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.

o The values of the data supplied in any of its registers.
o The values of the NZCV flags.

= hi:lo;bits{datasize*?2) concat—="hi+lo;

The response of this instruction to asynchronous exceptions does not vary based on:
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FABS (scalar)

Floating-point Absolute value (scalar). This instruction calculates the absolute value in the SIMD&FP source register and writes the result to the
SIMD&FP destination register.

Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an

attempt to execute the instruction might be trapped.

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

[o]o]o[1 1 1 1 oftype[1]0 0 0 0[O0 1[1 0 0 0 0]

opc

Half-precision (type == 11)

(ARMV8.2)

FABS <Hd>, <Hn>

Single-precision (type == 00)

FABS <Sd>, <Sn>

Double-precision (type == 01)

FABS <Dd>, <Dn>

integer d = UInt(Rd);
integer n = UInt (Rn);

integer datasize;
case type of

when '00' datasize = 32;
when '01' datasize = 64;
when '10' UnallocatedEncoding() ;
when '11'
if HaveFPl6Ext () then
datasize = 16;
else

UnallocatedEncoding () ; EPBnaxryOp—fpop+

Assembler Symbols

<Dd>
<Dn>
<Hd>
<Hn>
<Sd>

<Sn>

Is the 64-bit name of the SIMD&FP destination register, encoded in the "Rd" field.

Is the 64-bit name of the SIMD&FP source register, encoded in the "Rn" field.

Is the 16-bit name of the SIMD&FP destination register, encoded in the "Rd" field.

Is the 16-bit name of the SIMD&FP source register, encoded in the "Rn" field.

Is the 32-bit name of the SIMD&FP destination register, encoded in the "Rd" field.

Is the 32-bit name of the SIMD&FP source register, encoded in the "Rn" field.
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Operation

CheckFPAdvSIMDEnabled64 () ;

bits(datasize) result;
bits(datasize) operand = V[n];

result -ease£pop—of
FPAbs
——when—ERUnaryOp SORT result = ERSqrt (operand) j {operand, FRCR)

V[d] = result;
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FADD (scalar)

Floating-point Add (scalar). This instruction adds the floating-point values of the two source SIMD&FP registers, and writes the result to the
destination SIMD&FP register.

This instruction can generate a floating-point exception. Depending on the settings in FPCR, the exception results in either a flag being set in
FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

31 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
loJoJo]1 1 1 1 oftype [1] Rm o 0 1]o]1 0] Rn | Rd |
op

Half-precision (type == 11)
(ARMv8.2)

FADD <Hd>, <Hn>, <Hm>
Single-precision (type == 00)

FADD <Sd>, <Sn>, <Sm>
Double-precision (type == 01)

FADD <Dd>, <Dn>, <Dm>

integer d UInt (Rd) ;
integer n UInt (Rn);
integer m = UInt (Rm);

integer datasize;
case type of
when '00' datasize = 32;
when '01' datasize = 64;
when '10' UnallocatedEncoding() ;

when '11'
if HaveFPlo6Ext () then
datasize = 16;
else

UnallocatedEncoding () ; 6+

_ V7 vy .
=77

n
1

Assembler Symbols

<Dd> Is the 64-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Dn> Is the 64-bit name of the first SIMD&FP source register, encoded in the "Rn" field.
<Dm> Is the 64-bit name of the second SIMD&FP source register, encoded in the "Rm" field.
<Hd> Is the 16-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Hn> Is the 16-bit name of the first SIMD&FP source register, encoded in the "Rn" field.
<Hm> Is the 16-bit name of the second SIMD&FP source register, encoded in the "Rm" field.
<Sd> Is the 32-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Sn> Is the 32-bit name of the first SIMD&FP source register, encoded in the "Rn" field.
<Sm> Is the 32-bit name of the second SIMD&FP source register, encoded in the "Rm" field.
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Operation

CheckFPAdvSIMDEnabled64 () ;
bits (datasize) result;

bits(datasize) operandl
bits (datasize) operand?2

result —if sub_opthea
—result—= FRSubloperandl, operandl, FRCR)
else

m(operandl, operand2, FPCR);

V[d] = result;

Vin];
V[m];
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FADDP (scalar)

Floating-point Add Pair of elements (scalar). This instruction adds two floating-point vector elements in the source SIMD&FP register and
writes the scalar result into the destination SIMD&FP register.

This instruction can generate a floating-point exception. Depending on the settings in FPCR, the exception results in either a flag being set in
FPSR or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

It has encodings from 2 classes: Half-precision and Single-precision and double-precision

Half-precision
(ARMv8.2)

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

Half-precision

FADDP <V><d>, <Vn>.<T>

if 'HaveFP1l6Ext () then UnallocatedEncoding() ;

integer d = Ulnt (Rd);

integer n = Ulnt (Rn);

integer esize = 16;

integer datasize = 32;3 = ;

Single-precision and double-precision

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
[0 1]1]1 1 1 1 ofo]sz[1 1 0 0 0[]0 1 1 0 1[1 0] Rn | Rd |

Single-precision and double-precision

FADDP <V><d>, <Vn>.<T>

integer d UInt (Rd);
integer n = UInt (Rn);

integer esize = 32;
integer datasize = 64;integer esize = 32 <<UInt{sz)+

ReduceOp—op—= ReduceOp—FADD;

Assembler Symbols

<V> For the half-precision variant: is the destination width specifier, encoded in “sz”:
SZ <V>
0 H

1 RESERVED
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For the single-precision and double-precision variant: is the destination width specifier, encoded in “sz”:

SZ <V>
0 S
1 D
<d> Is the number of the SIMD&FP destination register, encoded in the "Rd" field.
<Vn> Is the name of the SIMD&FP source register, encoded in the "Rn" field.
<T> For the half-precision variant: is the source arrangement specifier, encoded in “sz”:
SZ <T>
0 2H

1 RESERVED

For the single-precision and double-precision variant: is the source arrangement specifier, encoded in “sz”:

SZ <T>
0 28
1 2D

Operation

CheckFPAdvSIMDEnabled64 () ;
bits (datasize) operand = V[n];

V[d] = Reduce (fepr—operand;, esize}iReduceOp FADD, operand, esize);
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FCADD

Floating-point Complex Add.

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 the corresponding complex number element pairs from the two source registers:

* Considering the complex number from the second source register on an Argand diagram, the number is rotated counterclockwise by 90 or
270 degrees.
* The rotated complex number is added to the complex number from the first source register.

This instruction can generate a floating-point exception. Depending on the settings in FPCR, the exception results in either a flag being set in
FPSR or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

Three registers of the same type
(ARMvS.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 3 2 1 0
loJQJ1]o 1 1 1 0] size [0] Rm [1]1 1]rot]0]1] Rn | Rd |

Three registers of the same type

FCADD <Vd>.<T>, <Vn>.<T>, <Vm>.<T>, #<rotate>

if !HaveFCADDExt ()
integer d = Ulnt (Rd
integer n = UInt (Rn

then UnallocatedEncoding () ;

)
)

integer m = Ulnt (Rm) ;

if size == '00' then ReservedValue():;

if == '0' && size == '1ll' then ReservedValue ()
integer esize = 8 << Ulnt (size);

if !'HaveFPloExt () && esize == 16 then ReservedValue () ;
integer datasize = if Q == 'l' then 128 else 64;
integer elements = datasize DIV esize;

Assembler Symbols

<Vd> Is the name of the SIMD&FP destination register, encoded in the "Rd" field.
<T> Is an arrangement specifier, encoded in “size:Q”:
size Q <T>

00 X RESERVED

01 0 4H

01 1 8H

10 0 28

10 1 4S

11 0 RESERVED

11 1 2D
<Vn> Is the name of the first SIMD&FP source register, encoded in the "Rn" field.
<Vm> Is the name of the second SIMD&FP source register, encoded in the "Rm" field.
<rotate> Is the rotation, encoded in “rot”:

rot <rotate>
0 90
1 270
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Operation

CheckFPAdvSIMDEnabled64 () ;

bits(datasize) operandl = V[n];
bits(datasize) operand2 = V[m];
bits(datasize) operand3 = V[d];

(
(
bits (datasize) result;
bits(esize) elementl;
bits(esize) element3;
for e = 0 to (elements DIV 2)-1
case rot of
for = 0 tof{elements DIV 2) -1

ce rot of
S t of

oo
=3

when '0'
elementl FPNeg (Elem[operand2, e*2+1, esizel]);
element3 = Elem[operand2, e*2, esize];
when '1'
elementl = Elem[operand2, e*2+1l, esize];
element3 = FPNeg(Elem[operand2, e*2, esize]);
Elem[result, e*2, esize] = FPAdd(Elem[operandl, e*2, esize], elementl, FPCR);
Elem[result, e*2+1l, esize] = FPAdd(Elem[operandl, e*2+1, esize], element3, FPCR);

V[d] = result;
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FCCMP

Floating-point Conditional quiet Compare (scalar). This instruction compares the two SIMD&FP source register values and writes the result to
the PSTATE.{N, Z, C, V} flags. If the condition does not pass then the PSTATE.{N, Z, C, V} flags are set to the flag bit specifier.

It raises an Invalid Operation exception only if either operand is a signaling NaN.

A floating-point exception can be generated by this instruction. Depending on the settings in FPCR, the exception results in either a flag being
set in FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

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
[oJo]of[1 1 1 1 oftype [1] Rm cond [0 1] Rn [0] nzev
op

Half-precision (type == 11)
(ARMVS.2)

FCCMP <Hn>, <Hm>, #<nzcv>, <cond>
Single-precision (type == 00)

FCCMP <Sn>, <Sm>, #<nzcv>, <cond>
Double-precision (type == 01)

FCCMP <Dn>, <Dm>, #<nzcv>, <cond>

integer n = UInt (Rn);
integer m = UInt (Rm);
integer datasize;
case type of
when '00' datasize = 32;
when '01' datasize = 64;
when '10' UnallocatedEncoding() ;
when '11'
if HaveFPl6Ext () then
datasize = 16;
else
UnallocatedEncoding () ;

— p— 1 1
bits(4) flags = nzcv;

Assembler Symbols

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

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

<Hn> Is the 16-bit name of the first SIMD&FP source register, encoded in the "Rn" field.

<Hm> Is the 16-bit name of the second SIMD&FP source register, encoded in the "Rm" field.

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

<Sm> Is the 32-bit name of the second SIMD&FP source register, encoded in the "Rm" field.

<nzcv> Is the flag bit specifier, an immediate in the range 0 to 15, giving the alternative state for the 4-bit NZCV condition flags,

encoded in the "nzcv" field.
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<cond> Is one of the standard conditions, encoded in the "cond" field in the standard way.

NaNs

The IEEE 754 standard specifies that the result of a comparison is precisely one of <, ==, > or unordered. If either or both of the operands are
NaNs, they are unordered, and all three of (Operand1 < Operand2), (Operand1 == Operand2) and (Operand1 > Operand?2) are false. This case
results in the FPSCR flags being set to N=0, Z=0, C=1, and V=1.

Operation

CheckFPAdvSIMDEnabled64 () ;

bits(datasize) operandl = V[n];
bits (datasize) operand?2;

operand2 = V[m];

if ConditionHolds (cond) then

e :

flags = FPCompare (operandl, operand2, FALSE, FPCR);
+{operandl;—operand2,—sigral—altl nans, FRCR)}5
PSTATE.<N, Z,C,V> = flags;
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FCCMPE

Floating-point Conditional signaling Compare (scalar). This instruction compares the two SIMD&FP source register values and writes the result
to the PSTATE.{N, Z, C, V} flags. If the condition does not pass then the PSTATE.{N, Z, C, V} flags are set to the flag bit specifier.

If either operand is any type of NaN, or if either operand is a signaling NaN, the instruction raises an Invalid Operation exception.

A floating-point exception can be generated by this instruction. Depending on the settings in FPCR, the exception results in either a flag being
set in FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

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
[oJo]of[1 1 1 1 oftype [1] Rm cond [0 1] Rn [1]  nzev
op

Half-precision (type == 11)
(ARMVS.2)

FCCMPE <Hn>, <Hm>, #<nzcv>, <cond>

Single-precision (type == 00)

FCCMPE <Sn>, <Sm>, #<nzcv>, <cond>

Double-precision (type == 01)

FCCMPE <Dn>, <Dm>, #<nzcv>, <cond>

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

integer datasize;
case type of
when '00' datasize = 32;
when '01' datasize = 64;
when '10' UnallocatedEncoding() ;
when '11'
if HaveFPl6Ext () then
datasize = 16;
else
UnallocatedEncoding () ;

— p— 1 1
bits(4) flags = nzcv;

Assembler Symbols

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

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

<Hn> Is the 16-bit name of the first SIMD&FP source register, encoded in the "Rn" field.

<Hm> Is the 16-bit name of the second SIMD&FP source register, encoded in the "Rm" field.

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

<Sm> Is the 32-bit name of the second SIMD&FP source register, encoded in the "Rm" field.

<nzcv> Is the flag bit specifier, an immediate in the range 0 to 15, giving the alternative state for the 4-bit NZCV condition flags,

encoded in the "nzcv" field.
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<cond> Is one of the standard conditions, encoded in the "cond" field in the standard way.

NaNs

The IEEE 754 standard specifies that the result of a comparison is precisely one of <, ==, > or unordered. If either or both of the operands are
NaNs, they are unordered, and all three of (Operand1 < Operand2), (Operand1 == Operand2) and (Operand1 > Operand?2) are false. This case
results in the FPSCR flags being set to N=0, Z=0, C=1, and V=1.

F'CCMPE raises an Invalid Operation exception if either operand is any type of NaN, and is suitable for testing for <, <=, >, >=, and
other predicates that raise an exception when the operands are unordered.

Operation

CheckFPAdvSIMDEnabled64 () ;

bits (datasize) operandl = V[n];
bits(datasize) operand2;

operand2 = V[m];
if ConditionHolds (cond) then

{condition) then
flags = FPCompare (operandl, operand2, TRUE, FPCR) ;

4 4 7 7

PSTATE.<N, Z,C,V> = flags;
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FCMLA (by element)

Floating-point Complex Multiply Accumulate (by element).
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.
This instruction can generate a floating-point exception. Depending on the settings in F’PCR, the exception results in either a flag being set in
FPSR or a synchronous exception being generated. For more information, see Floating-point exception traps.
Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

Vector
(ARMvS.3)

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
[o]Q1]0 1 1 1 1] size [L][M] Rm Jo] rot [1]HJO] Rn | Rd |

(size == 01)

FCMLA <Vd>.<T>, <Vn>.<T>, <Vm>.<Ts>[<index>], #<rotate>

(size ==10)

FCMLA <Vd>.<T>, <Vn>.<T>, <Vm>.<Ts>[<index>], #<rotate>

if !HaveFCADDExt () then UnallocatedEncoding() ;

integer d = Ulnt (Rd);

integer n = UInt (Rn);

integer m = UInt (M:Rm);

if size == '00' || size == '1l1l' then ReservedValue();

if size == '01' then index = UInt(H:L);

if size == '10' then index = UlInt (H);

integer esize = 8 << Ulnt(size);

if !HaveFPl6Ext () && esize == 16 then ReservedValue/();

integer datasize = if Q == 'l' then 128 else 64;

integer elements = datasize DIV esize;

if size == '10"' && (L == '"1" || Q == '0') then ReservedValue() ;

if size == '01l' && H == '1l' && Q == '0' thenf+—

if size — 101 T g6 I —— V11 ¢¢ O—T01 £hepn ReservedValue();
Assembler Symbols
<Vd> Is the name of the SIMD&FP destination register, encoded in the "Rd" field.
<T> Is an arrangement specifier, encoded in “size:Q”:
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<Vn>

<Vm>

<Ts>

<index>

<rotate>

size Q <T>
00 p: 4 RESERVED
01 0 4H

01 1 8H

10 0 RESERVED
10 1 45

11 p: 4 RESERVED

[s the name of the first SIMD&FP source register, encoded in the "Rn" field.

Is the name of the second SIMD&FP source register, encoded in the "M:Rm" fields.

Is an element size specifier, encoded in “size”:

size <Ts>

00 RESERVED
01 H

10 S

11 RESERVED

Is the element index, encoded in “size:H:L”:

size <index>
00 RESERVED
01 H:L

10 H

11 RESERVED

Is the rotation, encoded in “rot”:

rot <rotate>
00 0

01 90

10 180

11 270

FCMLA (by element)
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Operation

CheckFPAdvSIMDEnabled64 () ;

bits(datasize) operandl = V[n];
bits(datasize) operand2 = V[m];
bits (datasize) operand3 = V[d];
bits (datasize) result;
for e = 0 to (elements DIV 2)-1
case rot of
for =0 ¢ (elements DIV 2} =1
case rot of
when '00'
elementl = Elem[operand2, index*2, esize];
element?2 = Elem[operandl, e*2, esize];
element3 = Elem[operand2, index*2+1l, esize];
element4 = Elem[operandl, e*2, esize];
when '01'
elementl = FPNeg(Elem[operand2, index*2+1, esizel);
element2 = Elem[operandl, e*2+1, esize];
element3 = Elem[operand2, index*2, esize];
element4 = Elem[operandl, e*2+1l, esize];
when '10'
elementl = FPNeg(Elem[operand2, index*2, esize]);
element?2 = Elem[operandl, e*2, esize];
element3 = FPNeg (Elem[operand2, index*2+1, esizel);
element4 = Elem[operandl, e*2, esize];
when '11'
elementl = Elem[operand2, index*2+1, esize];
element2 = Elem[operandl, e*2+1l, esize];
element3 = FPNeg(Elem[operand2, index*2, esize]);
element4 = Elem[operandl, e*2+1l, esize];
Elem[result, e*2, esize] = FPMulAdd (Elem[operand3, e*2, esize], element2, elementl, FPCR);
Elem[result, e*2+1l, esize] = FPMulAdd (Elem[operand3, e*2+1, esize], elementd4, element3, FPCR);
V[d] = result;
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FCMLA

Floating-point Complex Multiply Accumulate.
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 the corresponding complex number element pairs from the two source registers and the
destination 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.
This instruction can generate a floating-point exception. Depending on the settings in F’PCR, the exception results in either a flag being set in
FPSR or a synchronous exception being generated. For more information, see Floating-point exception traps.
Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

Three registers of the same type
(ARMv8.3)

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
[o]Q]1]0 1 1 1 0] size O] Rm [1]1 0] rot [1] Rn | Rd |

Three registers of the same type

FCMLA <Vd>.<T>, <Vn>.<T>, <Vm>.<T>, #<rotate>

if !HaveFCADDExt ()

integer d = UInt (Rd
integer n = UInt (Rn
integer m = UInt (Rm);

then UnallocatedEncoding() ;

) ;
) ;

if size == '00' then ReservedValue();

if Q == '0' && size == 'l1l' then ReservedValue () ;
integer esize = 8 << Ulnt(size);

if 'HaveFPl6Ext () && esize == 16 then ReservedValue();

integer datasize if Q == '1' then 128 else 64;
integer elements = datasize DIV esize;

Assembler Symbols

<Vd> Is the name of the SIMD&FP destination register, encoded in the "Rd" field.
<T> Is an arrangement specifier, encoded in “size:Q”:
size Q <T>
00 X RESERVED
01 0 4H
01 1 8H
10 0 25
10 1 4s
11 0 RESERVED
11 1 2D
<Vn> Is the name of the first SIMD&FP source register, encoded in the "Rn" field.
<Vm> Is the name of the second SIMD&FP source register, encoded in the "Rm" field.
<rotate> Is the rotation, encoded in “rot”:

FCMLA Page 158


ISA_v84A_A64_xml_00bet7/xhtml/fcmla_advsimd_vec.html
ISA_v84A_A64_xml_00bet7/xhtml/fcmla_advsimd_vec.html
ISA_v84A_A64_xml_00bet7_OPT/xhtml/fcmla_advsimd_vec.html
ISA_v84A_A64_xml_00bet7_OPT/xhtml/fcmla_advsimd_vec.html
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.HaveFCADDExt.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UnallocatedEncoding.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.ReservedValue.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.ReservedValue.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.HaveFP16Ext.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.ReservedValue.0

rot <rotate>

00 0

01 90
10 180
11 270

Operation

CheckFPAdvSIMDEnabledo64 () ;

bits (datasize) operandl = V[n];
bits (datasize) operand2 = V[m];
bits (datasize) operand3 = V[d];

(
(
bits(datasize) result;
bits(esize) elementl;
(
(
(

bits(esize) element?2;
bits(esize) element3;
bits(esize) elementd;

for e = 0 to (elements DIV 2)-1
case rot of

£or = 0 to (elements DIV 2) 1
case rot of
when '00'
elementl = Elem[operand2, e*2, esize];
element?2 = Elem[operandl, e*2, esize];
element3 = Elem[operand2, e*2+1, esize];
element4 = Elem[operandl, e*2, esize];
when '01'
elementl = FPNeg(Elem[operand2, e*2+1, esize]);
element2 = Elem[operandl, e*2+1, esize];
element3 = Elem[operand2, e*2, esize];
element4 = Elem[operandl, e*2+1, esize];
when '10'
elementl = FPNeg(Elem[operand2, e*2, esize]);
element2 = Elem[operandl, e*2, esize];
element3 = FPNeg(Elem[operand2, e*2+1, esize]);
element4 = Elem[operandl, e*2, esize];
when '11'
elementl = Elem[operand2, e*2+1, esize];
element2 = Elem[operandl, e*2+1, esize];
element3 = FPNeg(Elem[operand2, e*2, esize]);
element4 = Elem[operandl, e*2+1, esize];
Elem[result, e*2, esize] = FPMulAdd(Elem[operand3, e*2, esize], element2, elementl, FPCR);
Elem[result, e*2+1l, esize] = FPMulAdd (Elem[operand3, e*2+1l, esize], elementd4, element3, FPCR);

V[d] = result;
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FCSEL

Floating-point Conditional Select (scalar). This instruction allows the SIMD&FP destination register to take the value from either one or the
other of two SIMD&FP source registers. If the condition passes, the first SIMD&FP source register value is taken, otherwise the second
SIMD&FP source register value is taken.

Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

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
[oJo]of[1 1 1 1 oftype [1] Rm cond [1 1] Rn | Rd |

Half-precision (type == 11)
(ARMVS.2)

FCSEL <Hd>, <Hn>, <Hm>, <cond>

Single-precision (type == 00)

FCSEL <Sd>, <Sn>, <Sm>, <cond>

Double-precision (type == 01)

FCSEL <Dd>, <Dn>, <Dm>, <cond>

integer d UInt (Rd) ;
integer n UInt (Rn) ;
integer m = UInt (Rm);

integer datasize;
case type of
when '00' datasize 32;
when '01' datasize 64;
when '10' UnallocatedEncoding() ;
when '11'
if HaveFPl6Ext () then
datasize = 16;
else
UnallocatedEncoding () ; -6+

bits(q) condition = conds

Assembler Symbols

<Dd> Is the 64-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Dn> Is the 64-bit name of the first SIMD&FP source register, encoded in the "Rn" field.
<Dm> Is the 64-bit name of the second SIMD&FP source register, encoded in the "Rm" field.
<Hd> Is the 16-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Hn> Is the 16-bit name of the first SIMD&FP source register, encoded in the "Rn" field.
<Hm> Is the 16-bit name of the second SIMD&FP source register, encoded in the "Rm" field.
<Sd> Is the 32-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Sn> Is the 32-bit name of the first SIMD&FP source register, encoded in the "Rn" field.
<Sm> Is the 32-bit name of the second SIMD&FP source register, encoded in the "Rm" field.
<cond> Is one of the standard conditions, encoded in the "cond" field in the standard way.
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Operation

CheckFPAdvSIMDEnabled64 () ;
bits (datasize) result;

result = if ConditionHolds (cond) thenfeendition)—then V[n] else V[m];

V[d] = result;
Operational information

If PSTATE.DIT is 1:
* 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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FCVTAS (scalar)

Floating-point Convert to Signed integer, rounding to nearest with ties to Away (scalar). This instruction converts the floating-point value in the
SIMD&FP source register to a 32-bit or 64-bit signed integer using the Round to Nearest with Ties to Away rounding mode, and writes the result
to the general-purpose destination register.

A floating-point exception can be generated by this instruction. Depending on the settings in FPCR, the exception results in either a flag being
set in FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

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
Isflofo[1 1 1 1 0of[type[1][0 0]1 0 0[O0 0 0 0 0 O] Rn | Rd |
rmode opcode
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Half-precision to 32-bit (sf == 0 && type == 11)

(ARMVS.2)

FCVTAS <wd>, <Hn>

Half-precision to 64-bit (sf == 1 && type == 11)

(ARMvS.2)

FCVTAS <Xd>, <Hn>

Single-precision to 32-bit (sf == 0 && type == 00)

FCVTAS <Wd>, <Sn>

Single-precision to 64-bit (sf == 1 && type == 00)

FCVTAS <Xd>, <Sn>

Double-precision to 32-bit (sf == 0 && type == 01)

FCVTAS <Wd>, <Dn>

Double-precision to 64-bit (sf == 1 && type == 01)

FCVTAS <Xd>, <Dn>

FCVTAS (scalar)
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integer d = UInt(Rd);
integer n = UInt (Rn);
integer intsize = if sf == '1l' then 64 else 32;
integer fltsize;
case type of
when '00'
fltsize = 32;
when '01'
fltsize = 64;
when '10'inEeger—£lEsizey

UnallocatedEncoding() ;

when '11'
if HaveFPl6Ext

h

———op——FRConvOp CVE ol J5() then
fltsize = 16;
elser
UnallocatedEncoding () ;
Assembler Symbols

<Wd> Is the 32-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Xd> Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Sn> Is the 32-bit name of the SIMD&FP source register, encoded in the "Rn" field.
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<Hn> Is the 16-bit name of the SIMD&FP source register, encoded in the "Rn" field.
<Dn> Is the 64-bit name of the SIMD&FP source register, encoded in the "Rn" field.

Operation

CheckFPAdvSIMDEnabled64 () ;

bits(fltsize) fltval;
bits(intsize) intval;

fltval -ease—epof

Em——_eerevin);
intval = FPToFixed(fltval, 0, FALSE, FPCR,EIeval 0 unsigned, FPCR wounding); FPRounding TIEAWAYX) ;[

e

= intval;intval<3i:0>—64);
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ISA v84A A64 xml 00bet7 htmldiff from- (new)
(o1d) ISA v84A A64 xml OObet7  ISA v84A A64 xml 00bet7 OPT

FCVTAU (scalar)

Floating-point Convert to Unsigned integer, rounding to nearest with ties to Away (scalar). This instruction converts the floating-point value in
the SIMD&FP source register to a 32-bit or 64-bit unsigned integer using the Round to Nearest with Ties to Away rounding mode, and writes the
result to the general-purpose destination register.

A floating-point exception can be generated by this instruction. Depending on the settings in FPCR, the exception results in either a flag being
set in FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.
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rmode opcode
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Half-precision to 32-bit (sf == 0 && type == 11)

(ARMVS.2)

FCVTAU <wd>, <Hn>

Half-precision to 64-bit (sf == 1 && type == 11)

(ARMvS.2)

FCVTAU <Xd>, <Hn>

Single-precision to 32-bit (sf == 0 && type == 00)

FCVTAU <Wd>, <Sn>

Single-precision to 64-bit (sf == 1 && type == 00)

FCVTAU <Xd>, <Sn>

Double-precision to 32-bit (sf == 0 && type == 01)

FCVTAU <Wd>, <Dn>

Double-precision to 64-bit (sf == 1 && type == 01)

FCVTAU <Xd>, <Dn>

FCVTAU (scalar)
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integer d = UInt(Rd);
integer n = UInt (Rn);
integer intsize = if sf == '1l' then 64 else 32;
integer fltsize;
case type of
when '00'
fltsize = 32;
when '01'
fltsize = 64;
when '10'inEeger—£lEsizey

UnallocatedEncoding() ;

when '11'
if HaveFPl6Ext

h

———op——FRConvOp CVE ol J5() then
fltsize = 16;
elser
UnallocatedEncoding () ;
Assembler Symbols

<Wd> Is the 32-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Xd> Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Sn> Is the 32-bit name of the SIMD&FP source register, encoded in the "Rn" field.
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<Hn> Is the 16-bit name of the SIMD&FP source register, encoded in the "Rn" field.
<Dn> Is the 64-bit name of the SIMD&FP source register, encoded in the "Rn" field.

Operation

CheckFPAdvSIMDEnabled64 () ;

bits(fltsize) fltval;
bits(intsize) intval;

fltval -ease—epof

Em——_eerevin);
intval = FPToFixed(fltval, 0, TRUE, FPCR,{Eltval 0 nsigned, EPCR “wotnding)s FPRounding TIEAWAYX) ;e

e

= intval;intval<3i:0>—64);
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(o1d) ISA v84A A64 xml OObet7  ISA v84A A64 xml 00bet7 OPT

FCVTMS (scalar)

Floating-point Convert to Signed integer, rounding toward Minus infinity (scalar). This instruction converts the floating-point value in the
SIMD&FP source register to a 32-bit or 64-bit signed integer using the Round towards Minus Infinity rounding mode, and writes the result to the
general-purpose destination register.

A floating-point exception can be generated by this instruction. Depending on the settings in FPCR, the exception results in either a flag being
set in FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

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
Isflofo[1 1 1 1 0f[type[1][1 0J]O 0 0[O0 0 0 0 0 O] Rn | Rd |
rmode opcode

FCVTMS (scalar) Page 170


ISA_v84A_A64_xml_00bet7/xhtml/fcvtms_float.html
ISA_v84A_A64_xml_00bet7/xhtml/fcvtms_float.html
ISA_v84A_A64_xml_00bet7_OPT/xhtml/fcvtms_float.html
ISA_v84A_A64_xml_00bet7_OPT/xhtml/fcvtms_float.html

Half-precision to 32-bit (sf == 0 && type == 11)

(ARMVS.2)

FCVTMS <wd>, <Hn>

Half-precision to 64-bit (sf == 1 && type == 11)

(ARMvS.2)

FCVTMS <Xd>, <Hn>

Single-precision to 32-bit (sf == 0 && type == 00)

FCVTMS <Wd>, <Sn>

Single-precision to 64-bit (sf == 1 && type == 00)

FCVIMS <Xd>, <Sn>

Double-precision to 32-bit (sf == 0 && type == 01)

FCVTMS <Wd>, <Dn>

Double-precision to 64-bit (sf == 1 && type == 01)

FCVTMS <Xd>, <Dn>

FCVTMS (scalar)
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integer d
integer n

UInt (Rd) ;
UInt (Rn) ;

integer intsize = if sf == '1l' then 64 else 32;

integer fltsize;

FPRounding rounding;

case type of

when '00'
fltsize = 32;
when '01°'

fltsize = 64;

when 10" —ijhen=tI0%

UnallocatedEncoding() ;

when '11'
if HaveFPl6Ext () then
fltsize = 16;
else
UnallocatedEncoding() ;

founding -ease—opeode<iiixremodeof

FPDecodeRoundin

Assembler Symbols

<Wd> Is the 32-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Xd> Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Sn> Is the 32-bit name of the SIMD&FP source register, encoded in the "Rn" field.
<Hn> Is the 16-bit name of the SIMD&FP source register, encoded in the "Rn" field.
<Dn> Is the 64-bit name of the SIMD&FP source register, encoded in the "Rn" field.
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Operation

CheckFPAdvSIMDEnabled64 () ;

bits(fltsize) fltval;
bits(intsize) intval;

fltval -sase-sp-of

Vin];

— FProrixed(fltval, 0, FALSE, FECR, rounding) ;EEEvaly 0, snsigned, FECR, Foundiagis

-
=)

=

<

o))

=

e

— intval;4intual<3i0n, 64)s
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ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.ZeroExtend.2
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-aarch64.X.write.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#FPConvOp_MOV_ItoF
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-aarch64.X.read.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-aarch64.Vpart.write.2
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#FPConvOp_CVT_FtoI_JS
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ISA v84A A64 xml 00bet7 htmldiff from- (new)
(o1d) ISA v84A A64 xml OObet7  ISA v84A A64 xml 00bet7 OPT

FCVTMU (scalar)

Floating-point Convert to Unsigned integer, rounding toward Minus infinity (scalar). This instruction converts the floating-point value in the
SIMD&FP source register to a 32-bit or 64-bit unsigned integer using the Round towards Minus Infinity rounding mode, and writes the result to
the general-purpose destination register.

A floating-point exception can be generated by this instruction. Depending on the settings in FPCR, the exception results in either a flag being
set in FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.
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Isflofo[1 1 1 1 0f[type[1][1 0J]O 0 1/0 0 0 0 0 O] Rn | Rd |
rmode opcode
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Half-precision to 32-bit (sf == 0 && type == 11)

(ARMVS.2)

FCVTMU <wWd>, <Hn>

Half-precision to 64-bit (sf == 1 && type == 11)

(ARMvS.2)

FCVTMU <Xd>, <Hn>

Single-precision to 32-bit (sf == 0 && type == 00)

FCVIMU <Wd>, <Sn>

Single-precision to 64-bit (sf == 1 && type == 00)

FCVIMU <Xd>, <Sn>

Double-precision to 32-bit (sf == 0 && type == 01)

FCVTMU <Wd>, <Dn>

Double-precision to 64-bit (sf == 1 && type == 01)

FCVTMU <Xd>, <Dn>

FCVTMU (scalar)
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integer d
integer n

UInt (Rd) ;
UInt (Rn) ;

integer intsize = if sf == '1l' then 64 else 32;

integer fltsize;

FPRounding rounding;

case type of

when '00'
fltsize = 32;
when '01°'

fltsize = 64;

when 10" —ijhen=tI0%

UnallocatedEncoding() ;

when '11'
if HaveFPl6Ext () then
fltsize = 16;
else
UnallocatedEncoding() ;

founding -ease—opeode<iiixremodeof

FPDecodeRoundin

Assembler Symbols

<Wd> Is the 32-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Xd> Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Sn> Is the 32-bit name of the SIMD&FP source register, encoded in the "Rn" field.
<Hn> Is the 16-bit name of the SIMD&FP source register, encoded in the "Rn" field.
<Dn> Is the 64-bit name of the SIMD&FP source register, encoded in the "Rn" field.

FCVTMU (scalar)
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ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UnallocatedEncoding.0
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ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#FPConvOp_MOV_FtoI
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ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#FPConvOp_CVT_FtoI_JS
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UnallocatedEncoding.0

Operation

CheckFPAdvSIMDEnabled64 () ;

bits(fltsize) fltval;
bits(intsize) intval;

fltval -sase-sp-of

Vin];

— FPTorixed(fltval, 0, TRUE, FECR, rounding) ;EHEvaly0r snstaned, FPCh, Soundingis

-
=)

=

<

o))

=

e

— intval;4intual<3i0n, 64)s
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ISA v84A A64 xml 00bet7 htmldiff from- (new)
(o1d) ISA v84A A64 xml OObet7  ISA v84A A64 xml 00bet7 OPT

FCVTNS (scalar)

Floating-point Convert to Signed integer, rounding to nearest with ties to even (scalar). This instruction converts the floating-point value in the
SIMD&FP source register to a 32-bit or 64-bit signed integer using the Round to Nearest rounding mode, and writes the result to the general-
purpose destination register.

A floating-point exception can be generated by this instruction. Depending on the settings in FPCR, the exception results in either a flag being
set in FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.
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rmode opcode
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Half-precision to 32-bit (sf == 0 && type == 11)

(ARMVS.2)

FCVTNS <wd>, <Hn>

Half-precision to 64-bit (sf == 1 && type == 11)

(ARMvS.2)

FCVINS <Xd>, <Hn>

Single-precision to 32-bit (sf == 0 && type == 00)

FCVINS <Wd>, <Sn>

Single-precision to 64-bit (sf == 1 && type == 00)

FCVINS <Xd>, <Sn>

Double-precision to 32-bit (sf == 0 && type == 01)

FCVINS <Wd>, <Dn>

Double-precision to 64-bit (sf == 1 && type == 01)

FCVINS <Xd>, <Dn>

FCVTNS (scalar)
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integer d
integer n

UInt (Rd) ;
UInt (Rn) ;

integer intsize = if sf == '1l' then 64 else 32;

integer fltsize;

FPRounding rounding;

case type of

when '00'
fltsize = 32;
when '01°'

fltsize = 64;

when 10" —ijhen=tI0%

UnallocatedEncoding() ;

when '11'
if HaveFPl6Ext () then
fltsize = 16;
else
UnallocatedEncoding() ;

founding -ease—opeode<iiixremodeof

FPDecodeRoundin

Assembler Symbols

<Wd> Is the 32-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Xd> Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Sn> Is the 32-bit name of the SIMD&FP source register, encoded in the "Rn" field.
<Hn> Is the 16-bit name of the SIMD&FP source register, encoded in the "Rn" field.
<Dn> Is the 64-bit name of the SIMD&FP source register, encoded in the "Rn" field.

FCVTNS (scalar)
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Operation

CheckFPAdvSIMDEnabled64 () ;

bits(fltsize) fltval;
bits(intsize) intval;

fltval -sase-sp-of

Vin];

— FProrixed(fltval, 0, FALSE, FECR, rounding) ;EEEvaly 0, snsigned, FECR, Foundiagis

-
=)
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<
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=

e

— intval;4intual<3i0n, 64)s
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ISA v84A A64 xml 00bet7 htmldiff from- (new)
(o1d) ISA v84A A64 xml OObet7  ISA v84A A64 xml 00bet7 OPT

FCVTNU (scalar)

Floating-point Convert to Unsigned integer, rounding to nearest with ties to even (scalar). This instruction converts the floating-point value in the
SIMD&FP source register to a 32-bit or 64-bit unsigned integer using the Round to Nearest rounding mode, and writes the result to the general-
purpose destination register.

A floating-point exception can be generated by this instruction. Depending on the settings in FPCR, the exception results in either a flag being
set in FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.
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rmode opcode
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Half-precision to 32-bit (sf == 0 && type == 11)

(ARMVS.2)

FCVTNU <wd>, <Hn>

Half-precision to 64-bit (sf == 1 && type == 11)

(ARMvS.2)

FCVTINU <Xd>, <Hn>

Single-precision to 32-bit (sf == 0 && type == 00)

FCVINU <Wd>, <Sn>

Single-precision to 64-bit (sf == 1 && type == 00)

FCVINU <Xd>, <Sn>

Double-precision to 32-bit (sf == 0 && type == 01)

FCVINU <Wd>, <Dn>

Double-precision to 64-bit (sf == 1 && type == 01)

FCVTINU <Xd>, <Dn>

FCVTNU (scalar)
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integer d
integer n

UInt (Rd) ;
UInt (Rn) ;

integer intsize = if sf == '1l' then 64 else 32;

integer fltsize;

FPRounding rounding;

case type of

when '00'
fltsize = 32;
when '01°'

fltsize = 64;

when 10" —ijhen=tI0%

UnallocatedEncoding() ;

when '11'
if HaveFPl6Ext () then
fltsize = 16;
else
UnallocatedEncoding() ;

founding -ease—opeode<iiixremodeof

FPDecodeRoundin

Assembler Symbols

<Wd> Is the 32-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Xd> Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Sn> Is the 32-bit name of the SIMD&FP source register, encoded in the "Rn" field.
<Hn> Is the 16-bit name of the SIMD&FP source register, encoded in the "Rn" field.
<Dn> Is the 64-bit name of the SIMD&FP source register, encoded in the "Rn" field.
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Operation

CheckFPAdvSIMDEnabled64 () ;

bits(fltsize) fltval;
bits(intsize) intval;

fltval -sase-sp-of

Vin];

— FPTorixed(fltval, 0, TRUE, FECR, rounding) ;EHEvaly0r snstaned, FPCh, Soundingis
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— intval;4intual<3i0n, 64)s
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(o1d) ISA v84A A64 xml OObet7  ISA v84A A64 xml 00bet7 OPT

FCVTPS (scalar)

Floating-point Convert to Signed integer, rounding toward Plus infinity (scalar). This instruction converts the floating-point value in the
SIMD&FP source register to a 32-bit or 64-bit signed integer using the Round towards Plus Infinity rounding mode, and writes the result to the
general-purpose destination register.

A floating-point exception can be generated by this instruction. Depending on the settings in FPCR, the exception results in either a flag being
set in FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.
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rmode opcode
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Half-precision to 32-bit (sf == 0 && type == 11)

(ARMVS.2)

FCVTPS <wd>, <Hn>

Half-precision to 64-bit (sf == 1 && type == 11)

(ARMvS.2)

FCVTPS <Xd>, <Hn>

Single-precision to 32-bit (sf == 0 && type == 00)

FCVTPS <Wd>, <Sn>

Single-precision to 64-bit (sf == 1 && type == 00)

FCVTPS <Xd>, <Sn>

Double-precision to 32-bit (sf == 0 && type == 01)

FCVTPS <Wd>, <Dn>

Double-precision to 64-bit (sf == 1 && type == 01)

FCVTPS <Xd>, <Dn>

FCVTPS (scalar)
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integer d
integer n

UInt (Rd) ;
UInt (Rn) ;

integer intsize = if sf == '1l' then 64 else 32;

integer fltsize;

FPRounding rounding;

case type of

when '00'
fltsize = 32;
when '01°'

fltsize = 64;

when 10" —ijhen=tI0%

UnallocatedEncoding() ;

when '11'
if HaveFPl6Ext () then
fltsize = 16;
else
UnallocatedEncoding() ;

founding -ease—opeode<iiixremodeof

FPDecodeRoundin

Assembler Symbols

<Wd> Is the 32-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Xd> Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Sn> Is the 32-bit name of the SIMD&FP source register, encoded in the "Rn" field.
<Hn> Is the 16-bit name of the SIMD&FP source register, encoded in the "Rn" field.
<Dn> Is the 64-bit name of the SIMD&FP source register, encoded in the "Rn" field.
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Operation

CheckFPAdvSIMDEnabled64 () ;

bits(fltsize) fltval;
bits(intsize) intval;

fltval -sase-sp-of

Vin];

— FProrixed(fltval, 0, FALSE, FECR, rounding) ;EEEvaly 0, snsigned, FECR, Foundiagis
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e

— intval;4intual<3i0n, 64)s
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ISA v84A A64 xml 00bet7 htmldiff from- (new)
(o1d) ISA v84A A64 xml OObet7  ISA v84A A64 xml 00bet7 OPT

FCVTPU (scalar)

Floating-point Convert to Unsigned integer, rounding toward Plus infinity (scalar). This instruction converts the floating-point value in the
SIMD&FP source register to a 32-bit or 64-bit unsigned integer using the Round towards Plus Infinity rounding mode, and writes the result to
the general-purpose destination register.

A floating-point exception can be generated by this instruction. Depending on the settings in FPCR, the exception results in either a flag being
set in FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.
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Half-precision to 32-bit (sf == 0 && type == 11)

(ARMVS.2)

FCVTPU <wd>, <Hn>

Half-precision to 64-bit (sf == 1 && type == 11)

(ARMvS.2)

FCVTPU <Xd>, <Hn>

Single-precision to 32-bit (sf == 0 && type == 00)

FCVTPU <Wd>, <Sn>

Single-precision to 64-bit (sf == 1 && type == 00)

FCVTPU <Xd>, <Sn>

Double-precision to 32-bit (sf == 0 && type == 01)

FCVTPU <Wd>, <Dn>

Double-precision to 64-bit (sf == 1 && type == 01)

FCVTPU <Xd>, <Dn>

FCVTPU (scalar)
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integer d
integer n

UInt (Rd) ;
UInt (Rn) ;

integer intsize = if sf == '1l' then 64 else 32;

integer fltsize;

FPRounding rounding;

case type of

when '00'
fltsize = 32;
when '01°'

fltsize = 64;

when 10" —ijhen=tI0%

UnallocatedEncoding() ;

when '11'
if HaveFPl6Ext () then
fltsize = 16;
else
UnallocatedEncoding() ;

founding -ease—opeode<iiixremodeof

FPDecodeRoundin

Assembler Symbols

<Wd> Is the 32-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Xd> Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Sn> Is the 32-bit name of the SIMD&FP source register, encoded in the "Rn" field.
<Hn> Is the 16-bit name of the SIMD&FP source register, encoded in the "Rn" field.
<Dn> Is the 64-bit name of the SIMD&FP source register, encoded in the "Rn" field.

FCVTPU (scalar)
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Operation

CheckFPAdvSIMDEnabled64 () ;

bits(fltsize) fltval;
bits(intsize) intval;

fltval -sase-sp-of

Vin];

— FPTorixed(fltval, 0, TRUE, FECR, rounding) ;EHEvaly0r snstaned, FPCh, Soundingis

-
=)

=

<

o))

=

e

— intval;4intual<3i0n, 64)s
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ISA v84A A64 xml 00bet7 htmldiff from- (new)
(o1d) ISA v84A A64 xml OObet7  ISA v84A A64 xml 00bet7 OPT

FCVTZS (scalar, fixed-point)

Floating-point Convert to Signed fixed-point, rounding toward Zero (scalar). This instruction converts the floating-point value in the SIMD&FP
source register to a 32-bit or 64-bit fixed-point signed integer using the Round towards Zero rounding mode, and writes the result to the general-
purpose destination register.

A floating-point exception can be generated by this instruction. Depending on the settings in FPCR, the exception results in either a flag being
set in FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR _ELI, CPTR _EL2, and CPTR_EL3 registers, and the Security state and Exception level in which the
instruction is executed, an attempt to execute the instruction might be trapped.

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
Isf[o[0[1 1 1 1 0f[type|[O0][1 1[0 0 O] scale | Rn | Rd |
rmode opcode

FCVTLZS (scalar, fixed-point) Page 194


ISA_v84A_A64_xml_00bet7/xhtml/fcvtzs_float_fix.html
ISA_v84A_A64_xml_00bet7/xhtml/fcvtzs_float_fix.html
ISA_v84A_A64_xml_00bet7_OPT/xhtml/fcvtzs_float_fix.html
ISA_v84A_A64_xml_00bet7_OPT/xhtml/fcvtzs_float_fix.html

Half-precision to 32-bit (sf == 0 && type == 11)
(ARMVS.2)

FCVTZS <Wd>, <Hn>, #<fbits>

Half-precision to 64-bit (sf == 1 && type == 11)
(ARMvS.2)

FCVTZS <Xd>, <Hn>, #<fbits>
Single-precision to 32-bit (sf == 0 && type == 00)
FCVTZS <Wd>, <Sn>, #<fbits>
Single-precision to 64-bit (sf == 1 && type == 00)
FCVTZS <Xd>, <Sn>, #<fbits>
Double-precision to 32-bit (sf == 0 && type == 01)
FCVTZS <Wd>, <Dn>, #<fbits>
Double-precision to 64-bit (sf == 1 && type == 01)

FCVTZS <Xd>, <Dn>, #<fbits>

integer d = UInt (Rd);
integer n UInt (Rn);

integer intsize = if sf == 'l' then 64 else 32;
integer fltsize;

case type of
when '00' fltsize = 32;
when '01' fltsize 64;
when '10'

UnallocatedEncoding () ;

when '11'
if HaveFPlo6Ext () then
fltsize = 16;
else
UnallocatedEncoding () ;

if sf == '0' && scale<5> == '0' then UnallocatedEncoding() ;

integer fracbits = 64 - UIntHScaueysl

(scale) ;-

FCVTZS (scalar, fixed-point) Page 195


ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#FPConvOp
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#FPRounding
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UnallocatedEncoding.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.HaveFP16Ext.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UnallocatedEncoding.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UnallocatedEncoding.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#FPRounding_ZERO
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#FPConvOp_CVT_FtoI
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.FPRoundingMode.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#FPConvOp_CVT_ItoF
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UnallocatedEncoding.0

Assembler Symbols

<Wd> Is the 32-bit name of the general-purpose destination register, encoded in the "Rd" field.

<Xd> Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.

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

<Hn> Is the 16-bit name of the SIMD&FP source register, encoded in the "Rn" field.

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

<fbits> For the double-precision to 32-bit, half-precision to 32-bit and single-precision to 32-bit variant: is the number of bits after

the binary point in the fixed-point destination, in the range 1 to 32, encoded as 64 minus "scale".

For the double-precision to 64-bit, half-precision to 64-bit and single-precision to 64-bit variant: is the number of bits after
the binary point in the fixed-point destination, in the range 1 to 64, encoded as 64 minus "scale".

Operation

CheckFPAdvSIMDEnabled64 () ;

bits (fltsize) fltval;
bits(intsize) intval;

fltval -sase-sp-of

E——asaerevinl;
intval = FPToFixed(fltval, fracbits, FALSE, FPCR,{Eltval,frachits; wnsigned, FRCR, rounding); FPRoundi

|l
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(o1d) ISA v84A A64 xml OObet7  ISA v84A A64 xml 00bet7 OPT

FCVTZS (scalar, integer)

Floating-point Convert to Signed integer, rounding toward Zero (scalar). This instruction converts the floating-point value in the SIMD&FP
source register to a 32-bit or 64-bit signed integer using the Round towards Zero rounding mode, and writes the result to the general-purpose
destination register.

A floating-point exception can be generated by this instruction. Depending on the settings in FPCR, the exception results in either a flag being
set in FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.
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Isflofo[1 1 1 1 0f[type[1][1 1]0 0 0[O0 0 0 0 0 O] Rn | Rd |
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Half-precision to 32-bit (sf == 0 && type == 11)

(ARMVS.2)

FCVTZS <wd>, <Hn>

Half-precision to 64-bit (sf == 1 && type == 11)

(ARMvS.2)

FCVTZS <Xd>, <Hn>

Single-precision to 32-bit (sf == 0 && type == 00)

FCVTZS <Wd>, <Sn>

Single-precision to 64-bit (sf == 1 && type == 00)

FCVTZS <Xd>, <Sn>

Double-precision to 32-bit (sf == 0 && type == 01)

FCVTZS <Wd>, <Dn>

Double-precision to 64-bit (sf == 1 && type == 01)

FCVTZS <Xd>, <Dn>

FCVTLZS (scalar, integer)
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integer d
integer n

UInt (Rd) ;
UInt (Rn) ;

integer intsize = if sf == '1l' then 64 else 32;

integer fltsize;

FPRounding rounding;

case type of

when '00'
fltsize = 32;
when '01°'

fltsize = 64;

when 10" —ijhen=tI0%

UnallocatedEncoding() ;

when '11'
if HaveFPl6Ext () then
fltsize = 16;
else
UnallocatedEncoding() ;

founding -ease—opeode<iiixremodeof

FPDecodeRoundin

Assembler Symbols

<Wd> Is the 32-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Xd> Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Sn> Is the 32-bit name of the SIMD&FP source register, encoded in the "Rn" field.
<Hn> Is the 16-bit name of the SIMD&FP source register, encoded in the "Rn" field.
<Dn> Is the 64-bit name of the SIMD&FP source register, encoded in the "Rn" field.

FCVTZS (scalar, integer)
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Operation

CheckFPAdvSIMDEnabled64 () ;

bits(fltsize) fltval;
bits(intsize) intval;

fltval -sase-sp-of

Vin];

— FProrixed(fltval, 0, FALSE, FECR, rounding) ;EEEvaly 0, snsigned, FECR, Foundiagis

-
=)

=

<

o))

=

e

— intval;4intual<3i0n, 64)s
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ISA v84A A64 xml 00bet7 htmldiff from- (new)
(o1d) ISA v84A A64 xml OObet7  ISA v84A A64 xml 00bet7 OPT

FCVTZU (scalar, fixed-point)

Floating-point Convert to Unsigned fixed-point, rounding toward Zero (scalar). This instruction converts the floating-point value in the
SIMD&FP source register to a 32-bit or 64-bit fixed-point unsigned integer using the Round towards Zero rounding mode, and writes the result
to the general-purpose destination register.

A floating-point exception can be generated by this instruction. Depending on the settings in FPCR, the exception results in either a flag being
set in FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR _ELI, CPTR _EL2, and CPTR_EL3 registers, and the Security state and Exception level in which the
instruction is executed, an attempt to execute the instruction might be trapped.
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Half-precision to 32-bit (sf == 0 && type == 11)
(ARMVS.2)

FCVTZU <Wd>, <Hn>, #<fbits>

Half-precision to 64-bit (sf == 1 && type == 11)
(ARMvS.2)

FCVTZU <Xd>, <Hn>, #<fbits>
Single-precision to 32-bit (sf == 0 && type == 00)
FCVTZU <Wd>, <Sn>, #<fbits>
Single-precision to 64-bit (sf == 1 && type == 00)
FCVTZU <Xd>, <Sn>, #<fbits>
Double-precision to 32-bit (sf == 0 && type == 01)
FCVTZU <Wd>, <Dn>, #<fbits>
Double-precision to 64-bit (sf == 1 && type == 01)

FCVTZU <Xd>, <Dn>, #<fbits>

integer d = UInt (Rd);
integer n UInt (Rn);

integer intsize = if sf == 'l' then 64 else 32;
integer fltsize;

case type of
when '00' fltsize = 32;
when '01' fltsize 64;
when '10'

UnallocatedEncoding () ;

when '11'
if HaveFPlo6Ext () then
fltsize = 16;
else
UnallocatedEncoding () ;

if sf == '0' && scale<5> == '0' then UnallocatedEncoding() ;

integer fracbits = 64 - UIntHScaueysl

(scale) ;-
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Assembler Symbols

<Wd> Is the 32-bit name of the general-purpose destination register, encoded in the "Rd" field.

<Xd> Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.

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

<Hn> Is the 16-bit name of the SIMD&FP source register, encoded in the "Rn" field.

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

<fbits> For the double-precision to 32-bit, half-precision to 32-bit and single-precision to 32-bit variant: is the number of bits after

the binary point in the fixed-point destination, in the range 1 to 32, encoded as 64 minus "scale".

For the double-precision to 64-bit, half-precision to 64-bit and single-precision to 64-bit variant: is the number of bits after
the binary point in the fixed-point destination, in the range 1 to 64, encoded as 64 minus "scale".

Operation

CheckFPAdvSIMDEnabled64 () ;

bits (fltsize) fltval;
bits(intsize) intval;

fltval -sase-sp-of

a0
intval - PPTorised(fltval, fracbits, TRUE, FECR, (EEEvaly Erachits, unsigned, FHCH, Founding)s rPRoundir

|l
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FCVTZU (scalar, integer)

Floating-point Convert to Unsigned integer, rounding toward Zero (scalar). This instruction converts the floating-point value in the SIMD&FP
source register to a 32-bit or 64-bit unsigned integer using the Round towards Zero rounding mode, and writes the result to the general-purpose
destination register.

A floating-point exception can be generated by this instruction. Depending on the settings in FPCR, the exception results in either a flag being
set in FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.
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Half-precision to 32-bit (sf == 0 && type == 11)

(ARMVS.2)

FCVTZU <wd>, <Hn>

Half-precision to 64-bit (sf == 1 && type == 11)

(ARMvS.2)

FCVTZU <Xd>, <Hn>

Single-precision to 32-bit (sf == 0 && type == 00)

FCVTZU <Wd>, <Sn>

Single-precision to 64-bit (sf == 1 && type == 00)

FCVTZU <Xd>, <Sn>

Double-precision to 32-bit (sf == 0 && type == 01)

FCVTZU <Wd>, <Dn>

Double-precision to 64-bit (sf == 1 && type == 01)

FCVTZU <Xd>, <Dn>

FCVTZU (scalar, integer)
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integer d
integer n

UInt (Rd) ;
UInt (Rn) ;

integer intsize = if sf == '1l' then 64 else 32;

integer fltsize;

FPRounding rounding;

case type of

when '00'
fltsize = 32;
when '01°'

fltsize = 64;

when 10" —ijhen=tI0%

UnallocatedEncoding() ;

when '11'
if HaveFPl6Ext () then
fltsize = 16;
else
UnallocatedEncoding() ;

founding -ease—opeode<iiixremodeof

FPDecodeRoundin

Assembler Symbols

<Wd> Is the 32-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Xd> Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Sn> Is the 32-bit name of the SIMD&FP source register, encoded in the "Rn" field.
<Hn> Is the 16-bit name of the SIMD&FP source register, encoded in the "Rn" field.
<Dn> Is the 64-bit name of the SIMD&FP source register, encoded in the "Rn" field.
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Operation

CheckFPAdvSIMDEnabled64 () ;

bits(fltsize) fltval;
bits(intsize) intval;

fltval -sase-sp-of

Vin];

— FPTorixed(fltval, 0, TRUE, FECR, rounding) ;EHEvaly0r snstaned, FPCh, Soundingis

-
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e

— intval;4intual<3i0n, 64)s
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FJCVTZS

Floating-point Javascript Convert to Signed fixed-point, rounding toward Zero. This instruction converts the double-precision floating-point
value in the SIMD&FP source register to a 32-bit signed integer using the Round towards Zero rounding mode, and writes the result to the
general-purpose destination register. If the result is too large to be accommodated as a signed 32-bit integer, then the result is the integer modulo
232, as held in a 32-bit signed integer.

This instruction can generate a floating-point exception. Depending on the settings in FPCR, the exception results in either a flag being set in
FPSR or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

Double-precision to 32-bit
(ARMv8.3)

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
[olo]o[1 1 1 1 ofo 1[1][1 1]1 1 0[]0 0 0 0 0 O] Rn | Rd |
sf type rmode opcode
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Double-precision to 32-bit

FJCVTZS <Wd>, <Dn>

integer d UInt (Rd);
integer n = UInt (Rn);

(=
H

HaveFJCVTZSExt

() thenf
UnallocatedEncoding() ;

Assembler Symbols

<Wd> Is the 32-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Dn> Is the 64-bit name of the SIMD&FP source register, encoded in the "Rn" field.
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Operation

CheckFPAdvSIMDEnabled64 () ;

bits(64) fltval;
bits (32) intval;

h
=
IS4
=
o
=

I

I
=)

intval = FPToFixedJS (fltval, FPCR, TRUE);
X[d] = ZeroExtend(intval<31:0>, 64);
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int fused Multiply-Add (scalar). This instruction multiplies the values of the first two SIMD&FP source registers, adds the product to

the value of the third SIMD&FP source register, and writes the result to the SIMD&FP destination register.

A floating-point exception can be generated by this instruction. Depending on the settings in FPCR, the exception results in either a flag being
set in FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending

on the settings in the CPACR_ELI, CPTR EL2, and CPTR EL3 registers, and the current Security state and Exception level, an

attempt to execute the instruction might be trapped.

31 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

loJoJo]1 1 1 1 1]type [0] Rm 0] Ra | Rn | Rd |
o1 o0

Half-precision (type == 11)

(ARMvS.2)

FMADD <Hd>, <Hn>, <Hm>, <Ha>

Single-precision (type == 00)

FMADD <Sd>, <Sn>, <Sm>, <Sa>

Double-precisi

on (type == 01)

FMADD <Dd>, <Dn>, <Dm>, <Da>

integer
integer
integer
integer

integer
case typ
when
when
when
when

d = UInt (Rd);
a = UInt(Ra);
n = UInt (Rn);
m = UInt (Rm) ;

datasize;
e of

'00' datasize = 32;
'01' datasize = 64;
'10' UnallocatedEncoding () ;
llll
if HaveFPlo6Ext () then
datasize = 16;
else

UnallocatedEncoding () ; 6+

[ogiRox
s
D D

[
@ @

het
s

Assembler Symbols

<Dd>
<Dn>
<Dm>
<Da>
<Hd>
<Hn>
<Hm>

<Ha>

Is the 64-bit name of the SIMD&FP destination register, encoded in the "Rd" field.

Is the 64-bit name of the first SIMD&FP source register holding the multiplicand, encoded in the "Rn" field.
Is the 64-bit name of the second SIMD&FP source register holding the multiplier, encoded in the "Rm" field.
Is the 64-bit name of the third SIMD&FP source register holding the addend, encoded in the "Ra" field.

Is the 16-bit name of the SIMD&FP destination register, encoded in the "Rd" field.

Is the 16-bit name of the first SIMD&FP source register holding the multiplicand, encoded in the "Rn" field.
Is the 16-bit name of the second SIMD&FP source register holding the multiplier, encoded in the "Rm" field.
Is the 16-bit name of the third SIMD&FP source register holding the addend, encoded in the "Ra" field.
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<Sd> Is the 32-bit name of the SIMD&FP destination register, encoded in the "Rd" field.

<Sn> Is the 32-bit name of the first SIMD&FP source register holding the multiplicand, encoded in the "Rn" field.
<Sm> Is the 32-bit name of the second SIMD&FP source register holding the multiplier, encoded in the "Rm" field.
<Sa> Is the 32-bit name of the third SIMD&FP source register holding the addend, encoded in the "Ra" field.
Operation

CheckFPAdvSIMDEnabled64 () ;
bits (datasize) result;

bits(datasize) operanda = V[a];
bits(datasize) operandl = V[n];
bits(datasize) operand2 = V[m];
result =if-opa—negthenoperanda— EPNegloperandal)s

ifopl—neg—thenoperandl—=FPNegloperand)}+

-Ee-s~u—l—t_——FPMulAdd(operanda, operandl, operand2, FPCR);

V[d] = result;
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Floating-point Maximum (scalar). This instruction compares the two source SIMD&FP registers, and writes the larger of the two floating-point
values to the destination SIMD&FP register.
This instruction can generate a floating-point exception. Depending on the settings in FPCR, the exception results in either a flag being set in
FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

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

6 5 4 3 2 1 0

[oJofo]1

1

1 1 0] type [ 1] Rm o 1]0 0o]1 0] Rn | Rd |

op

Half-precision (type == 11)

(ARMvS.2)

FMAX <Hd>, <Hn>, <Hm>

Single-precision (type == 00)

FMAX <Sd>, <Sn>, <Sm>

Double-precision (type == 01)

integer d
integer n

FMAX <Dd>, <Dn>, <Dm>

UInt (Rd) ;
UInt (Rn);

integer m = UInt (Rm);

integer datasize;
case type of

when
when
when
when

'00
'01
'10
'11
if H

else

' datasize = 32;
' datasize = 64;
' UnallocatedEncoding() ;

aveFP16Ext () then

datasize = 16;

UnallocatedEncoding () ; EPMaxMinOp operation;

Assembler Symbols

<Dd>
<Dn>
<Dm>
<Hd>
<Hn>
<Hm>

<Sd>

Is the 64-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
Is the 64-bit name of the first SIMD&FP source register, encoded in the "Rn" field.

Is the 64-bit name of the second SIMD&FP source register, encoded in the "Rm" field.

Is the 16-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
Is the 16-bit name of the first SIMD&FP source register, encoded in the "Rn" field.

Is the 16-bit name of the second SIMD&FP source register, encoded in the "Rm" field.

Is the 32-bit name of the SIMD&FP destination register, encoded in the "Rd" field.

FMAX (scalar)
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ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.HaveFP16Ext.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UnallocatedEncoding.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#FPMaxMinOp
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#FPMaxMinOp_MAX
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#FPMaxMinOp_MIN
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#FPMaxMinOp_MAXNUM
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#FPMaxMinOp_MINNUM

<Sn> Is the 32-bit name of the first SIMD&FP source register, encoded in the "Rn" field.
<Sm> Is the 32-bit name of the second SIMD&FP source register, encoded in the "Rm" field.

Operation

CheckFPAdvSIMDEnabled64 () ;
bits (datasize) result;

bits (datasize) operandl
bits (datasize) operand?2

result -easeoperation—of

Vn];
V[m];

S=whenERMc i nOp MINNDIEF e ST E=—FBIBANER (operandl, operand2, FECR);

V[d] = result;
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ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.FPMax.3
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#FPMaxMinOp_MIN
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.FPMin.3
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#FPMaxMinOp_MAXNUM
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.FPMaxNum.3
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#FPMaxMinOp_MINNUM
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.FPMinNum.3
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-aarch64.V.write.1
ISA_v84A_A64_xml_00bet7/xhtml/fmax_float.html
ISA_v84A_A64_xml_00bet7/xhtml/fmax_float.html
ISA_v84A_A64_xml_00bet7_OPT/xhtml/fmax_float.html
ISA_v84A_A64_xml_00bet7_OPT/xhtml/fmax_float.html

ISA v84A A64 xml 0Obet7
(old)

FMAXNM (scalar)

htmldiff from-
ISA v84A A64 _xml OObet7

(new)
ISA v84A A64 xml 00bet7 OPT

Floating-point Maximum Number (scalar). This instruction compares the first and second source SIMD&FP register values, and writes the larger

of the two floating-point values to the destination SIMD&FP register.

NaNs are handled according to the IEEE 754-2008 standard. If one vector element is numeric and the other is a quiet NaN, the result that is
placed in the vector is the numerical value, otherwise the result is identical to FMAX (scalar).

This instruction can generate a floating-point exception. Depending on the settings in F/PCR, the exception results in either a flag being set in
FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.
Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an

attempt to execute the instruction might be trapped.

31 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

[oJo]of[1 1 1 1 oftype [1] Rm o 1[1 0o]1 0] Rn | Rd |
op
Half-precision (type == 11)
(ARMVS.2)
FMAXNM <Hd>, <Hn>, <Hm>

Single-precision (type == 00)

FMAXNM <Sd>, <Sn>, <Sm>

Double-precision (type == 01)

FMAXNM <Dd>, <Dn>, <Dm>
integer d = UInt (Rd);
integer n = UInt (Rn);
integer m = UInt (Rm);
integer datasize;
case type of
when '00' datasize = 32;
when '01' datasize = 64;
when '10' UnallocatedEncoding() ;
when '11'
if HaveFPl6Ext () then
datasize = 16;
else
UnallocatedEncoding () ; ERPMaxMinOp operation;
easeopof

Assembler Symbols

<Dd> Is the 64-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Dn> Is the 64-bit name of the first SIMD&FP source register, encoded in the "Rn" field.
<Dm> Is the 64-bit name of the second SIMD&FP source register, encoded in the "Rm" field.
<Hd> Is the 16-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Hn> Is the 16-bit name of the first SIMD&FP source register, encoded in the "Rn" field.
<Hm> Is the 16-bit name of the second SIMD&FP source register, encoded in the "Rm" field.
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ISA_v84A_A64_xml_00bet7_OPT/xhtml/fmaxnm_float.html
ISA_v84A_A64_xml_00bet7_OPT/xhtml/fmaxnm_float.html
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UnallocatedEncoding.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.HaveFP16Ext.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UnallocatedEncoding.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#FPMaxMinOp
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#FPMaxMinOp_MAX
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#FPMaxMinOp_MIN
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#FPMaxMinOp_MAXNUM
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#FPMaxMinOp_MINNUM

<Sd> Is the 32-bit name of the SIMD&FP destination register, encoded in the "Rd" field.

<Sn> Is the 32-bit name of the first SIMD&FP source register, encoded in the "Rn" field.
<Sm> Is the 32-bit name of the second SIMD&FP source register, encoded in the "Rm" field.
Operation

CheckFPAdvSIMDEnabled64 () ;
bits(datasize) result;

bits(datasize) operandl
bits(datasize) operand?2

result -EEBEUSPEEEEISRISE
FPMaxNu
B whca ERMc RO MINNOMESSsuTE = FBMEANER (operandl, operand2, FECR);

V[d] = result;
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ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-aarch64.V.read.1
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ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#FPMaxMinOp_MAX
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.FPMax.3
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#FPMaxMinOp_MIN
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.FPMin.3
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#FPMaxMinOp_MAXNUM
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.FPMaxNum.3
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#FPMaxMinOp_MINNUM
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.FPMinNum.3
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-aarch64.V.write.1
ISA_v84A_A64_xml_00bet7/xhtml/fmaxnm_float.html
ISA_v84A_A64_xml_00bet7/xhtml/fmaxnm_float.html
ISA_v84A_A64_xml_00bet7_OPT/xhtml/fmaxnm_float.html
ISA_v84A_A64_xml_00bet7_OPT/xhtml/fmaxnm_float.html

ISA v84A A64 xml 00bet7 htmldiff from- (new)
(o1d) ISA v84A A64 xml OObet7  ISA v84A A64 xml 00bet7 OPT

FMAXNMP (scalar)

Floating-point Maximum Number of Pair of elements (scalar). This instruction compares two vector elements in the source SIMD&FP register
and writes the largest of the floating-point values as a scalar to the destination SIMD&FP register.

This instruction can generate a floating-point exception. Depending on the settings in FPCR, the exception results in either a flag being set in
FPSR or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

It has encodings from 2 classes: Half-precision and Single-precision and double-precision

Half-precision
(ARMv8.2)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[0 1]o[1 1 1 1 ofoJo[1 1 0 0 0[]0 1 1 0 0[1 0] Rn | Rd |
ol sz

Half-precision

FMAXNMP <V><d>, <Vn>.<T>

if 'HaveFP1l6Ext () then UnallocatedEncoding() ;

integer d = UInt(Rd);
integer n = UInt(Rn);

integer esize = 16;

integer datasize = 32;3 == G

Single-precision and double-precision

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
[0 1]1]1 1 1 1 ofo]sz[1 1 0 0 0[]0 1 1 0 0[1 0] Rn | Rd |
o1

Single-precision and double-precision

FMAXNMP <V><d>, <Vn>.<T>

integer d = UInt (Rd);
integer n = UInt (Rn);

integer esize = 32;

integer datasize = 64;integer esize = 32 <<UInt{sz)+

Assembler Symbols

<V> For the half-precision variant: is the destination width specifier, encoded in “sz”:
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ISA_v84A_A64_xml_00bet7/xhtml/fmaxnmp_advsimd_pair.html
ISA_v84A_A64_xml_00bet7/xhtml/fmaxnmp_advsimd_pair.html
ISA_v84A_A64_xml_00bet7_OPT/xhtml/fmaxnmp_advsimd_pair.html
ISA_v84A_A64_xml_00bet7_OPT/xhtml/fmaxnmp_advsimd_pair.html
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.HaveFP16Ext.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UnallocatedEncoding.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.ReservedValue.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#ReduceOp
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#ReduceOp_FMINNUM
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#ReduceOp_FMAXNUM
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#ReduceOp
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#ReduceOp_FMINNUM
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#ReduceOp_FMAXNUM

SZ <V>
0 H
1 RESERVED

s

For the single-precision and double-precision variant: is the destination width specifier, encoded in “sz”:

SZ <V>
0 S
1 D
<d> Is the number of the SIMD&FP destination register, encoded in the "Rd" field.
<Vn> Is the name of the SIMD&FP source register, encoded in the "Rn" field.
<T> For the half-precision variant: is the source arrangement specifier, encoded in “sz”:
SZ <T>
0 2H

1 RESERVED

For the single-precision and double-precision variant: is the source arrangement specifier, encoded in “sz”:

Sz <T>
0 2S
1 2D

Operation

CheckFPAdvSIMDEnabled64 () ;
bits(datasize) operand = V[n];

V[d] = Reduce ({tepr—operand;,—esize)iReduceOp FMAXNUM, operand, esize);
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ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-aarch64.V.read.1
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ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-aarch64.Reduce.3
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#ReduceOp_FMAXNUM
ISA_v84A_A64_xml_00bet7/xhtml/fmaxnmp_advsimd_pair.html
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ISA v84A A64 xml 00bet7 htmldiff from- (new)
(o1d) ISA v84A A64 xml OObet7  ISA v84A A64 xml 00bet7 OPT

FMAXNMV

Floating-point Maximum Number across Vector. This instruction compares all the vector elements in the source SIMD&FP register, and writes
the largest of the values as a scalar to the destination SIMD&FP register. All the values in this instruction are floating-point values.

NaNs are handled according to the IEEE 754-2008 standard. If one vector element is numeric and the other is a quiet NaN, the result of the
comparison is the numerical value, otherwise the result is identical to FMAX (scalar).

This instruction can generate a floating-point exception. Depending on the settings in F/PCR, the exception results in either a flag being set in
FPSR or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

It has encodings from 2 classes: Half-precision and Single-precision and double-precision

Half-precision
(ARMVvS.2)

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
[o]QJoJo 1 1 1 ofJoJo[1 1 0 0 0[O0 1 1 0 0[1 O] Rn | Rd |
o1

Half-precision

FMAXNMV <V><d>, <Vn>.<T>

if !HaveFPl6Ext () then UnallocatedEncoding() ;

integer d
integer n

UInt (Rd);
UInt (Rn);

integer esize = 16;
integer datasize = if Q == 'l' then 128 else 64

Single-precision and double-precision

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
lola[1][0o 1 1 1 ofo]sz[]1 1 0 0 0[O0 1 1 0 0[1 0] Rn | Rd |
o1

Single-precision and double-precision

FMAXNMV <V><d>, <Vn>.<T>

integer d = UInt (Rd);

integer n = UInt (Rn);

if sz:Q0 != '01' then ReservedValue () ; // .4S only

integer esize = 32 << Ulnt(sz);

integer datasize = if Q == 'l' then 128 else 64;integer datast =3f O ==—"3"' then 128 else 645

intege 32 datasize D egizesReduceOp—op—ri ! en—R o p e d
Assembler Symbols
<V> For the half-precision variant: is the destination width specifier, H.

For the single-precision and double-precision variant: is the destination width specifier, encoded in “sz”:
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ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#ReduceOp_FMINNUM
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ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
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SZ <V>
0 S
1 RESERVED

<d> Is the number of the SIMD&FP destination register, encoded in the "Rd" field.
<Vn> Is the name of the SIMD&FP source register, encoded in the "Rn" field.
<T> For the half-precision variant: is an arrangement specifier, encoded in “Q”:

Q <T>

0 4H

1 8H

For the single-precision and double-precision variant: is an arrangement specifier, encoded in “Q:sz”:
gle-p P g P s

Q SZ <T>

0 X RESERVED
1 0 45

1 1 RESERVED

Operation

CheckFPAdvSIMDEnabled64 () ;
bits (datasize) operand = V[n];

V[d] = Reduce (fop—operand,—esize)iReduceOp FMAXNUM, operand, esize);
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FMAXP (scalar)

Floating-point Maximum of Pair of elements (scalar). This instruction compares two vector elements in the source SIMD&FP register and writes
the largest of the floating-point values as a scalar to the destination SIMD&FP register.

This instruction can generate a floating-point exception. Depending on the settings in FPCR, the exception results in either a flag being set in
FPSR or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

It has encodings from 2 classes: Half-precision and Single-precision and double-precision

Half-precision
(ARMv8.2)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[o 1]o[1 1 1 1 ofoJo[1 1 0 0 0[O0 1 1 1 1][1 0] Rn | Rd |
ol sz

Half-precision

FMAXP <V><d>, <Vn>.<T>

if 'HaveFP1l6Ext () then UnallocatedEncoding() ;

integer d = Ulnt (Rd);
integer n = Ulnt (Rn);

integer esize = 16;

integer datasize = 32;3 == G

Single-precision and double-precision

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
[0 1]1]1 1 1 1 ofo]sz[1 1 0 0 0[O0 1 1 1 1][1 0] Rn | Rd |
o1

Single-precision and double-precision

FMAXP <V><d>, <Vn>.<T>

integer d = UInt (Rd);
integer n = UInt (Rn);

integer esize = 32;

integer datasize = 64;integer esize = 32 <<UInt{sz)+

Assembler Symbols

<V> For the half-precision variant: is the destination width specifier, encoded in “sz”:
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SZ <V>
0 H
1 RESERVED

s

For the single-precision and double-precision variant: is the destination width specifier, encoded in “sz”:

SZ <V>
0 S
1 D
<d> Is the number of the SIMD&FP destination register, encoded in the "Rd" field.
<Vn> Is the name of the SIMD&FP source register, encoded in the "Rn" field.
<T> For the half-precision variant: is the source arrangement specifier, encoded in “sz”:
SZ <T>
0 2H

1 RESERVED

For the single-precision and double-precision variant: is the source arrangement specifier, encoded in “sz”:

Sz <T>
0 2S
1 2D

Operation

CheckFPAdvSIMDEnabled64 () ;
bits(datasize) operand = V[n];

V[d] = Reduce (ftepr—operand;—esize)iReduceOp FMAX, operand, esize);
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FMAXV

Floating-point Maximum across Vector. This instruction compares all the vector elements in the source SIMD&FP register, and writes the largest
of the values as a scalar to the destination SIMD&FP register. All the values in this instruction are floating-point values.

This instruction can generate a floating-point exception. Depending on the settings in FPCR, the exception results in either a flag being set in
FPSR or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

It has encodings from 2 classes: Half-precision and Single-precision and double-precision

Half-precision
(ARMv8.2)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
loJQJoJo 1 1 1 ofJoJo[1 1 0 0 0[O0 1 1 1 1][1 0] Rn | Rd |
o1

Half-precision

FMAXV <V><d>, <Vn>.<T>

if 'HaveFP1l6Ext () then UnallocatedEncoding() ;

integer d = Ulnt (Rd);
integer n = Ulnt (Rn);

integer esize = 16;

integer datasize = if Q == '1l' then 128 else 64;integer datasize = if 0 —"
1 — 1 a 1 o . - e 3 an R

Single-precision and double-precision

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
loJQ]1]Jo 1 1 1 oJolsz[1 1 0 0 0[O0 1 1 1 1[1 0] Rn | Rd |
o1

Single-precision and double-precision

FMAXV <V><d>, <Vn>.<T>

integer d = UInt (Rd);

integer n = UInt (Rn);

if sz:Q != '01' then ReservedValue () ;

integer esize = 32 << Ulnt(sz);

integer datasize = if Q == '1l' then 128 else 64;integer datasize = if O —'1' then 128 else 64
TNt oaoa A ol a D Ao A . Ao — 1 an D a) M A D~ VAL

Assembler Symbols

<V> For the half-precision variant: is the destination width specifier, H.

For the single-precision and double-precision variant: is the destination width specifier, encoded in “sz”:

Sz <V>
0 S
1 RESERVED

FMAXV Page 223


ISA_v84A_A64_xml_00bet7/xhtml/fmaxv_advsimd.html
ISA_v84A_A64_xml_00bet7/xhtml/fmaxv_advsimd.html
ISA_v84A_A64_xml_00bet7_OPT/xhtml/fmaxv_advsimd.html
ISA_v84A_A64_xml_00bet7_OPT/xhtml/fmaxv_advsimd.html
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.HaveFP16Ext.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UnallocatedEncoding.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#ReduceOp
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#ReduceOp_FMIN
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#ReduceOp_FMAX
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.ReservedValue.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#ReduceOp
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#ReduceOp_FMIN
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#ReduceOp_FMAX

<d> Is the number of the SIMD&FP destination register, encoded in the "Rd" field.

<Vn> Is the name of the SIMD&FP source register, encoded in the "Rn" field.
<T> For the half-precision variant: is an arrangement specifier, encoded in “Q”:
Q <T>
0 4H
1 8H

For the single-precision and double-precision variant: is an arrangement specifier, encoded in “Q:sz”:

Q SZ <T>

0 X RESERVED
1 0 4S

1 1 RESERVED

Operation

CheckFPAdvSIMDEnabled64 () ;
bits (datasize) operand = V[n];

V[d] = Reduce (fep7-—operand;—esize)i;ReduceOp FMAX, operand, esize);
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Floating-point Minimum (scalar). This instruction compares the first and second source SIMD&FP register values, and writes the smaller of the
two floating-point values to the destination SIMD&FP register.
This instruction can generate a floating-point exception. Depending on the settings in FPCR, the exception results in either a flag being set in
FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

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

6 5 4 3 2 1 0

[oJofo]1

1

1 1 0] type [ 1] Rm o 1]0 1]1 o] Rn | Rd |

op

Half-precision (type == 11)

(ARMvS.2)

FMIN <Hd>, <Hn>, <Hm>

Single-precision (type == 00)

FMIN <Sd>, <Sn>, <Sm>

Double-precision (type == 01)

integer d
integer n

FMIN <Dd>, <Dn>, <Dm>

UInt (Rd) ;
UInt (Rn);

integer m = UInt (Rm);

integer datasize;
case type of

when
when
when
when

'00
'01
'10
'11
if H

else

' datasize = 32;
' datasize = 64;
' UnallocatedEncoding() ;

aveFP16Ext () then

datasize = 16;

UnallocatedEncoding () ; EPMaxMinOp operation;

Assembler Symbols

<Dd>
<Dn>
<Dm>
<Hd>
<Hn>
<Hm>

<Sd>

Is the 64-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
Is the 64-bit name of the first SIMD&FP source register, encoded in the "Rn" field.

Is the 64-bit name of the second SIMD&FP source register, encoded in the "Rm" field.

Is the 16-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
Is the 16-bit name of the first SIMD&FP source register, encoded in the "Rn" field.

Is the 16-bit name of the second SIMD&FP source register, encoded in the "Rm" field.

Is the 32-bit name of the SIMD&FP destination register, encoded in the "Rd" field.

FMIN (scalar)
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<Sn> Is the 32-bit name of the first SIMD&FP source register, encoded in the "Rn" field.
<Sm> Is the 32-bit name of the second SIMD&FP source register, encoded in the "Rm" field.

Operation

CheckFPAdvSIMDEnabled64 () ;
bits (datasize) result;

bits (datasize) operandl
bits (datasize) operand?2

result -easeoperation—of

Vn];
V[m];

S=whenERMc i nOp MINNDIEF e ST E=—FBIBANER (operandl, operand2, FECR);

V[d] = result;
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ISA v84A A64 xml 00bet7

htmldiff from-

(old) ISA v84A A64 _xml OObet7

FMINNM (scalar)

ISA v84A A64 xml 00bet7 OPT

(new)

Floating-point Minimum Number (scalar). This instruction compares the first and second source SIMD&FP register values, and writes the

smaller of the two floating-point values to the destination SIMD&FP register.

NaNs are handled according to the IEEE 754-2008 standard. If one vector element is numeric and the other is a quiet NaN, the result that is
placed in the vector is the numerical value, otherwise the result is identical to FMIN (scalar).

This instruction can generate a floating-point exception. Depending on the settings in F/PCR, the exception results in either a flag being set in

FPSR or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an

attempt to execute the instruction might be trapped.

31 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

[oJo]of[1 1 1 1 oftype [1] Rm

o 1]1

1] 1

0]

Rn

Rd

Half-precision (type == 11)
(ARMVS.2)

FMINNM <Hd>, <Hn>, <Hm>

Single-precision (type == 00)

FMINNM <Sd>, <Sn>, <Sm>

Double-precision (type == 01)

FMINNM <Dd>, <Dn>, <Dm>
integer d = UInt (Rd);
integer n = UInt (Rn);
integer m = UInt (Rm);

integer datasize;

op

case type of

when '00' datasize = 32;
when '01' datasize = 64;
when '10' UnallocatedEncoding() ;
when '11'
if HaveFPl6Ext () then
datasize = 16;
else

UnallocatedEncoding () ; EPMaxMinOpoperation;

Assembler Symbols

<Dd> Is the 64-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Dn> Is the 64-bit name of the first SIMD&FP source register, encoded in the "Rn" field.
<Dm> Is the 64-bit name of the second SIMD&FP source register, encoded in the "Rm" field.
<Hd> Is the 16-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Hn> Is the 16-bit name of the first SIMD&FP source register, encoded in the "Rn" field.
<Hm> Is the 16-bit name of the second SIMD&FP source register, encoded in the "Rm" field.

FMINNM (scalar)

Page 227


ISA_v84A_A64_xml_00bet7/xhtml/fminnm_float.html
ISA_v84A_A64_xml_00bet7/xhtml/fminnm_float.html
ISA_v84A_A64_xml_00bet7_OPT/xhtml/fminnm_float.html
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ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UnallocatedEncoding.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.HaveFP16Ext.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UnallocatedEncoding.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#FPMaxMinOp
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#FPMaxMinOp_MAX
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#FPMaxMinOp_MIN
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#FPMaxMinOp_MAXNUM
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#FPMaxMinOp_MINNUM

<Sd> Is the 32-bit name of the SIMD&FP destination register, encoded in the "Rd" field.

<Sn> Is the 32-bit name of the first SIMD&FP source register, encoded in the "Rn" field.
<Sm> Is the 32-bit name of the second SIMD&FP source register, encoded in the "Rm" field.
Operation

CheckFPAdvSIMDEnabled64 () ;
bits(datasize) result;

bits(datasize) operandl
bits(datasize) operand?2

result -ease—operation of

FPMinNum (operandl, operand2, FPCR);

[d] = result;

<
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ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#FPMaxMinOp_MIN
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.FPMin.3
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ISA_v84A_A64_xml_00bet7/xhtml/fminnm_float.html
ISA_v84A_A64_xml_00bet7/xhtml/fminnm_float.html
ISA_v84A_A64_xml_00bet7_OPT/xhtml/fminnm_float.html
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ISA v84A A64 xml 00bet7 htmldiff from- (new)
(o1d) ISA v84A A64 xml OObet7  ISA v84A A64 xml 00bet7 OPT

FMINNMP (scalar)

Floating-point Minimum Number of Pair of elements (scalar). This instruction compares two vector elements in the source SIMD&FP register
and writes the smallest of the floating-point values as a scalar to the destination SIMD&FP register.

This instruction can generate a floating-point exception. Depending on the settings in FPCR, the exception results in either a flag being set in
FPSR or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

It has encodings from 2 classes: Half-precision and Single-precision and double-precision

Half-precision
(ARMv8.2)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[0 1]o[1 1 1 1 of1]0o][1 1 0 0 0[]0 1 1 0 0[1 0] Rn | Rd |
ol sz

Half-precision

FMINNMP <V><d>, <Vn>.<T>

if 'HaveFP1l6Ext () then UnallocatedEncoding() ;

integer d = UInt(Rd);
integer n = UInt(Rn);

integer esize = 16;

integer datasize = 32;3 == G

Single-precision and double-precision

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
[0 1]1]1 1 1 1 of1]sz[1 1 0 0 0[]0 1 1 0 0[1 0] Rn | Rd |
o1

Single-precision and double-precision

FMINNMP <V><d>, <Vn>.<T>

integer d = UInt (Rd);
integer n = UInt (Rn);

integer esize = 32;

integer datasize = 64;integer esize = 32 <<UInt{sz)+

Assembler Symbols

<V> For the half-precision variant: is the destination width specifier, encoded in “sz”:
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ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.HaveFP16Ext.0
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ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.ReservedValue.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#ReduceOp
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#ReduceOp_FMINNUM
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#ReduceOp_FMAXNUM
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
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ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#ReduceOp_FMAXNUM

SZ <V>
0 H
1 RESERVED

s

For the single-precision and double-precision variant: is the destination width specifier, encoded in “sz”:

SZ <V>
0 S
1 D
<d> Is the number of the SIMD&FP destination register, encoded in the "Rd" field.
<Vn> Is the name of the SIMD&FP source register, encoded in the "Rn" field.
<T> For the half-precision variant: is the source arrangement specifier, encoded in “sz”:
SZ <T>
0 2H

1 RESERVED

For the single-precision and double-precision variant: is the source arrangement specifier, encoded in “sz”:

Sz <T>
0 2S
1 2D

Operation

CheckFPAdvSIMDEnabled64 () ;
bits(datasize) operand = V[n];

V[d] = Reduce ({tepr—operand;,—esize)iReduceOp FMINNUM, operand, esize);
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FMINNMV

Floating-point Minimum Number across Vector. This instruction compares all the vector elements in the source SIMD&FP register, and writes
the smallest of the values as a scalar to the destination SIMD&FP register. All the values in this instruction are floating-point values.

NaNs are handled according to the IEEE 754-2008 standard. If one vector element is numeric and the other is a quiet NaN, the result of the
comparison is the numerical value, otherwise the result is identical to FMIN (scalar).

This instruction can generate a floating-point exception. Depending on the settings in F/PCR, the exception results in either a flag being set in
FPSR or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

It has encodings from 2 classes: Half-precision and Single-precision and double-precision

Half-precision
(ARMVvS.2)

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
[o]QJoJo 1 1 1 of1]Jo[1 1 0 0 0[O0 1 1 0 0[1 O] Rn | Rd |
o1

Half-precision

FMINNMV <V><d>, <Vn>.<T>

if !HaveFPl6Ext () then UnallocatedEncoding() ;

integer d
integer n

UInt (Rd);
UInt (Rn);

integer esize = 16;
integer datasize = if Q == 'l' then 128 else 64

Single-precision and double-precision

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
lola[1]0o 1 1 1 0of[1]sz[]1 1 0 0 0[O0 1 1 0 0[1 0] Rn | Rd |
o1

Single-precision and double-precision

FMINNMV <V><d>, <Vn>.<T>

integer d = UInt (Rd);

integer n = UInt (Rn);

if sz:Q0 != '01' then ReservedValue () ; // .4S only

integer esize = 32 << Ulnt(sz);

integer datasize = if Q == 'l' then 128 else 64;integer datast =3f O ==—"3"' then 128 else 645

intege 32 datasize D egizesReduceOp—op—ri ! en—R o p e d
Assembler Symbols
<V> For the half-precision variant: is the destination width specifier, H.

For the single-precision and double-precision variant: is the destination width specifier, encoded in “sz”:
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ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#ReduceOp
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#ReduceOp_FMINNUM
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#ReduceOp_FMAXNUM
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.ReservedValue.0
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ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#ReduceOp_FMAXNUM

SZ <V>
0 S
1 RESERVED

<d> Is the number of the SIMD&FP destination register, encoded in the "Rd" field.
<Vn> Is the name of the SIMD&FP source register, encoded in the "Rn" field.
<T> For the half-precision variant: is an arrangement specifier, encoded in “Q”:

Q <T>

0 4H

1 8H

For the single-precision and double-precision variant: is an arrangement specifier, encoded in “Q:sz”:

Q SZ <T>

0 X RESERVED
1 0 45

1 1 RESERVED

Operation

CheckFPAdvSIMDEnabled64 () ;
bits (datasize) operand = V[n];

V[d] = Reduce (fop—operand,—esize)iReduceOp FMINNUM, operand, esize);

Internal version only: isa v29.05, AdvSIMD v26.0, pseudocode v35.3 ; Build timestamp: 2018-06-16T09:5845

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

ISA v84A A64 xml 0Obet7 htmldiff from- (new)
(01d) ISA v84A A64_xml 00bet7  ISA v84A A64 xml 00bet7 OPT
FMINNMV

Page 232


ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-aarch64.CheckFPAdvSIMDEnabled64.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-aarch64.V.read.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-aarch64.V.write.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-aarch64.Reduce.3
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#ReduceOp_FMINNUM
ISA_v84A_A64_xml_00bet7/xhtml/fminnmv_advsimd.html
ISA_v84A_A64_xml_00bet7/xhtml/fminnmv_advsimd.html
ISA_v84A_A64_xml_00bet7_OPT/xhtml/fminnmv_advsimd.html
ISA_v84A_A64_xml_00bet7_OPT/xhtml/fminnmv_advsimd.html

ISA v84A A64 xml 00bet7 htmldiff from- (new)
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FMINP (scalar)

Floating-point Minimum of Pair of elements (scalar). This instruction compares two vector elements in the source SIMD&FP register and writes
the smallest of the floating-point values as a scalar to the destination SIMD&FP register.

This instruction can generate a floating-point exception. Depending on the settings in FPCR, the exception results in either a flag being set in
FPSR or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

It has encodings from 2 classes: Half-precision and Single-precision and double-precision

Half-precision
(ARMv8.2)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[0 1]o[1 1 1 1 of1]0o][1 1 0 0 0[O0 1 1 1 1][1 0] Rn | Rd |
ol sz

Half-precision

FMINP <V><d>, <Vn>.<T>

if 'HaveFP1l6Ext () then UnallocatedEncoding() ;

integer d = Ulnt (Rd);
integer n = Ulnt (Rn);

integer esize = 16;

integer datasize = 32;3 == G

Single-precision and double-precision

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
[0 1]1]1 1 1 1 of1]sz[1 1 0 0 0[]0 1 1 1 1][1 0] Rn | Rd |
o1

Single-precision and double-precision

FMINP <V><d>, <Vn>.<T>

integer d = UInt (Rd);
integer n = UInt (Rn);

integer esize = 32;

integer datasize = 64;integer esize = 32 <<UInt{sz)+

Assembler Symbols

<V> For the half-precision variant: is the destination width specifier, encoded in “sz”:
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SZ <V>
0 H
1 RESERVED

s

For the single-precision and double-precision variant: is the destination width specifier, encoded in “sz”:

SZ <V>
0 S
1 D
<d> Is the number of the SIMD&FP destination register, encoded in the "Rd" field.
<Vn> Is the name of the SIMD&FP source register, encoded in the "Rn" field.
<T> For the half-precision variant: is the source arrangement specifier, encoded in “sz”:
SZ <T>
0 2H

1 RESERVED

For the single-precision and double-precision variant: is the source arrangement specifier, encoded in “sz”:

Sz <T>
0 2S
1 2D

Operation

CheckFPAdvSIMDEnabled64 () ;
bits(datasize) operand = V[n];

V[d] = Reduce (fepr—operand;—esize)iReduceOp FMIN, operand, esize);
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FMINV

Floating-point Minimum across Vector. This instruction compares all the vector elements in the source SIMD&FP register, and writes the
smallest of the values as a scalar to the destination SIMD&FP register. All the values in this instruction are floating-point values.

This instruction can generate a floating-point exception. Depending on the settings in FPCR, the exception results in either a flag being set in
FPSR or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

It has encodings from 2 classes: Half-precision and Single-precision and double-precision

Half-precision
(ARMv8.2)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
loJQJoJo 1 1 1 of]1]Jo]1 1 0 0 0[O0 1 1 1 1][1 0] Rn | Rd |
o1

Half-precision

FMINV <V><d>, <Vn>.<T>

if 'HaveFP1l6Ext () then UnallocatedEncoding() ;

integer d = Ulnt (Rd);
integer n = Ulnt (Rn);

integer esize = 16;

integer datasize = if Q == '1l' then 128 else 64;integer datasize = if 0 —"
1 — 1 a 1 o . - e 3 an R

Single-precision and double-precision

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
loJQ]1]Jo 1 1 1 of1]sz[1 1 0 0 0[]0 1 1 1 1][1 0] Rn | Rd |
o1

Single-precision and double-precision

FMINV <V><d>, <Vn>.<T>

integer d = UInt (Rd);

integer n = UInt (Rn);

if sz:Q != '01' then ReservedValue () ;

integer esize = 32 << Ulnt(sz);

integer datasize = if Q == '1l' then 128 else 64;integer datasize = if O —'1' then 128 else 64
TNt oaoa A ol a D Ao A . Ao — 1 an D a) M A D~ VAL

Assembler Symbols

<V> For the half-precision variant: is the destination width specifier, H.

For the single-precision and double-precision variant: is the destination width specifier, encoded in “sz”:

Sz <V>
0 S
1 RESERVED

FMINV Page 235
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<d> Is the number of the SIMD&FP destination register, encoded in the "Rd" field.

<Vn> Is the name of the SIMD&FP source register, encoded in the "Rn" field.
<T> For the half-precision variant: is an arrangement specifier, encoded in “Q”:
Q <T>
0 4H
1 8H

For the single-precision and double-precision variant: is an arrangement specifier, encoded in “Q:sz”:

Q SZ <T>

0 X RESERVED
1 0 4S

1 1 RESERVED

Operation

CheckFPAdvSIMDEnabled64 () ;
bits (datasize) operand = V[n];

V[d] = Reduce (fep7-—oeperand;—esize)isReduceOp FMIN, operand, esize);
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FMLAL, FMLAL2 (by element)

Floating-point fused Multiply-Add Long to accumulator (by element). 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.

A floating-point exception can be generated by this instruction. Depending on the settings in FPCR, the exception results in either a flag being
set in FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

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

ID _AA64ISAR0_ELI.FHM indicates whether this instruction is supported.

It has encodings from 2 classes: FMLAL and FMLAL2

FMLAL
(ARMv8.2)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
loJQJoJo 1 1 1 1]1]sz[L[M] Rm [o]o]o o[H]O] Rn | Rd |
S

FMLAL

FMLAL <Vd>.<Ta>, <Vn>.<Tb>, <Vm>.H[<index>]

if 'HaveFPl6MulNoRoundingToFP32Ext () then UnallocatedEncoding() ;
integer d = Ulnt (Rd);

integer n = Ulnt (Rn);

integer m = UInt ('0':Rm); // Vm can only be in bottom 16 registers.
if sz == '1l' then ReservedValue();

integer index = UInt (H:L:M);

integer esize = 32;
integer datasize

if Q == '1l' then 128 else 64;

AW/
7

intoecer datroacq = 1Ff O——171 +harn 12Q
Thteeger—GatasSt2 TH— =5 e ——=

integer elements = datasize DIV esize;

1o
=5

boolean sub op =
integer part = 0;

FMLAL2
(ARMv8.2)

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
loJQJ1]Jo 1 1 1 1]1]sz[L[M] Rm [1]0]0o o[H]O] Rn | Rd |
S
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FMLAL2

FMLAL2 <Vd>.<Ta>, <Vn>.<Tb>, <Vm>.H[<index>]

if !HaveFP1l6MulNoRoundingToFP32Ext () then UnallocatedEncoding() ;

integer d

UInt (Rd);

integer n = UInt (Rn);
integer m = UInt ('0':Rm); // Vm can only be in bottom 16 registers.
if sz == '1' then ReservedValue();

integer index =

integer esize =

UInt (H:L:M) ;

32;

integer datasize = if Q == '1l' then 128 else 64;

integer elements = datasize DIV esize;

boolean sub op
integer part =

Assembler Symbols

1;

(5 == "1");

<Vd> Is the name of the SIMD&FP destination register, encoded in the "Rd" field.

<Ta> Is an arrangement specifier, encoded in “Q”:

Q
0
1

<Ta>

258
45

<Vn> Is the name of the first SIMD&FP source register, encoded in the "Rn" field.

<Tb> Is an arrangement specifier, encoded in “Q”:

Q
0
1

<Tb>

2H
4H

<Vm> Is the name of the second SIMD&FP source register, encoded in the "Rm" field.

<index> Is the element index, encoded in the "H:L:M" fields.

Operation

CheckFPAdvSIMDEnabled64 () ;

bits(datasize DIV 2) operandl = Vpart[n, part];

tarpartls
bits

128) operand2 = V[m];

bits (datasize) operana3 = Vel g

bits

(
(
bits (datasize)
(
bits(

result;
esize DIV 2) elementl;
esize DIV 2) element2 = Elem[operand?2, index, esize DIV 2];

for e = 0 to elements-1

elementl =

Elem[operandl, e, esize DIV 2];

if sub op then elementl = FPNeg(elementl);

Elem[result, e, esize] = FPMulAddH(Elem[operand3, e, esize], elementl, element2,

V[d] = result;
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FMLAL, FMLAL2 (vector)

Floating-point fused Multiply-Add Long to accumulator (vector). This instruction multiplies corresponding half-precision floating-point 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.

A floating-point exception can be generated by this instruction. Depending on the settings in FPCR, the exception results in either a flag being
set in FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

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

ID _AA64ISAR0_ELI.FHM indicates whether this instruction is supported.

It has encodings from 2 classes: FMLAL and FMLAL2

FMLAL
(ARMv8.2)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
loJQJoJo 1 1 1 ofo]sz[1] Rm [1]1 1 0 1]1] Rn | Rd |
S

FMLAL

FMLAL <Vd>.<Ta>, <Vn>.<Tb>, <Vm>.<Tb>

if 'HaveFPl6MulNoRoundingToFP32Ext () then UnallocatedEncoding() ;
integer d UInt (Rd) ;

integer n = Ulnt (Rn);

integer m = Ulnt (Rm) ;

if sz == '1l' then ReservedValue();

integer esize = 32;

integer datasize = if Q == '1l' then 128 else 64;

integer elements = datasize DIV esize;

boolean sub op = (S == '1");

integer part = 0;

FMLAL2
(ARMv8.2)

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
loJQ]1]Jo 1 1 1 ofo]sz[1] Rm [1]1 0 0 1]1] Rn | Rd |
S

FMLAL2

FMLAL2 <Vd>.<Ta>, <Vn>.<Tb>, <Vm>.<Tb>

if !'HaveFPl6MulNoRoundingToFP32Ext () then UnallocatedEncoding() ;
integer d = UInt (Rd);
integer n = UInt (Rn);
integer m = UInt (Rm);

if sz == '1l' then ReservedValue();

integer esize = 32;

integer datasize = if Q == 'l' then 128 else 64;
integer elements = datasize DIV esize;

boolean sub op = (S == '1");

integer part = 1;
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Assembler Symbols

<Vd> Is the name of the SIMD&FP destination register, encoded in the "Rd" field.
<Ta> Is an arrangement specifier, encoded in “Q”:

Q <Ta>

0 2S

1 43
<Vn> Is the name of the first SIMD&FP source register, encoded in the "Rn" field.
<Tb> Is an arrangement specifier, encoded in “Q”:

Q <Tb>

0 2H

1 4H
<Vm> Is the name of the second SIMD&FP source register, encoded in the "Rm" field.
Operation

CheckFPAdvSIMDEnabled64 () ;
bits(datasize DIV 2) operandl = Vpart[n, part];

tarpartls

bits(datasize DIV 2) operand2 = Vpart[m, part];
trpartls

bits (datasize) operand3 = V[d];

bits (datasize) result;

bits(esize DIV 2) elementl;

bits(esize DIV 2) element2;

for e = 0 to elements-1

elementl = Elem[operandl, e, esize DIV 2];

element2 = Elem[operand2, e, esize DIV 2];

if sub op then elementl = FPNeg(elementl);

Elem[result, e, esize] = FPMulAddH (fresult;eresizel — FPMulAddH(Flem[operand3, e, esize], elementl,
V[d] = result;
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ISA v84A A64 xml 00bet7 htmldiff from- (new)
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FMLSL, FMLSL2 (by element)

Floating-point fused Multiply-Subtract Long from accumulator (by element). 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.

A floating-point exception can be generated by this instruction. Depending on the settings in FPCR, the exception results in either a flag being
set in FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

In ARMv8.2 and ARMV8.3, this is an OPTIONAL instruction. From ARMv8.4 it is mandatory for all implementations to support it.
ID _AA64ISAR0_ELI.FHM indicates whether this instruction is supported.

It has encodings from 2 classes: FMLSL and FMLSL2

FMLSL
(ARMv8.2)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
loJQJoJo 1 1 1 1]1]sz[L[M] Rm [o]1]0 o[H]O] Rn | Rd |
S

FMLSL

FMLSL <Vd>.<Ta>, <Vn>.<Tb>, <Vm>.H[<index>]

if 'HaveFPl6MulNoRoundingToFP32Ext () then UnallocatedEncoding() ;
integer d = Ulnt (Rd);

integer n = Ulnt (Rn);

integer m = UInt ('0':Rm); // Vm can only be in bottom 16 registers.
if sz == '1l' then ReservedValue();

integer index = UInt (H:L:M);

integer esize = 32;
integer datasize

if Q == '1l' then 128 else 64;

AW/
7

intoecer datroacq = 1Ff O——171 +harn 12Q
Thteeger—GatasSt2 TH— =5 e ——=

integer elements = datasize DIV esize;

1o
=5

boolean sub op =
integer part = 0;

FMLSL2
(ARMv8.2)

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
loJQJ1]Jo 1 1 1 1]1]sz[L[M] Rm [1]1]0 o[H]O] Rn | Rd |
S
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FMLSL2

FMLSL2 <Vd>.<Ta>, <Vn>.<Tb>, <Vm>.H[<index>]

if !HaveFP1l6MulNoRoundingToFP32Ext () then UnallocatedEncoding() ;

integer d

UInt (Rd);

integer n = UInt (Rn);
integer m = UInt ('0':Rm); // Vm can only be in bottom 16 registers.
if sz == '1' then ReservedValue();

integer index =

integer esize =

UInt (H:L:M) ;

32;

integer datasize = if Q == '1l' then 128 else 64;

integer elements = datasize DIV esize;

boolean sub op
integer part =

Assembler Symbols

1;

(5 == "1");

<Vd> Is the name of the SIMD&FP destination register, encoded in the "Rd" field.

<Ta> Is an arrangement specifier, encoded in “Q”:

Q
0
1

<Ta>

258
45

<Vn> Is the name of the first SIMD&FP source register, encoded in the "Rn" field.

<Tb> Is an arrangement specifier, encoded in “Q”:

Q
0
1

<Tb>

2H
4H

<Vm> Is the name of the second SIMD&FP source register, encoded in the "Rm" field.

<index> Is the element index, encoded in the "H:L:M" fields.

Operation

CheckFPAdvSIMDEnabled64 () ;

bits(datasize DIV 2) operandl = Vpart[n, part];

tarpartls
bits

128) operand2 = V[m];

bits (datasize) operana3 = Vel g

bits

(
(
bits (datasize)
(
bits(

result;
esize DIV 2) elementl;
esize DIV 2) element2 = Elem[operand?2, index, esize DIV 2];

for e = 0 to elements-1

elementl =

Elem[operandl, e, esize DIV 2];

if sub op then elementl = FPNeg(elementl);

Elem[result, e, esize] = FPMulAddH(Elem[operand3, e, esize], elementl, element2,

V[d] = result;
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FMLSL, FMLSL2 (vector)

Floating-point fused 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.

A floating-point exception can be generated by this instruction. Depending on the settings in FPCR, the exception results in either a flag being
set in FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

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

ID _AA64ISAR0_ELI.FHM indicates whether this instruction is supported.

It has encodings from 2 classes: FMLSL and FMLSL2

FMLSL
(ARMv8.2)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
loJQJoJo 1 1 1 of1]sz[1] Rm [1]1 1 0 1]1] Rn | Rd |
S

FMLSL

FMLSL <Vd>.<Ta>, <Vn>.<Tb>, <Vm>.<Tb>

if 'HaveFPl6MulNoRoundingToFP32Ext () then UnallocatedEncoding() ;
integer d UInt (Rd) ;

integer n = Ulnt (Rn);

integer m = Ulnt (Rm) ;

if sz == '1l' then ReservedValue();

integer esize = 32;

integer datasize = if Q == '1l' then 128 else 64;

integer elements = datasize DIV esize;

boolean sub op = (S == '1");

integer part = 0;

FMLSL2
(ARMv8.2)

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
loJQJ1]Jo 1 1 1 of1]sz[1] Rm [1]1 0 0 1]1] Rn | Rd |
S

FMLSL2

FMLSL2 <Vd>.<Ta>, <Vn>.<Tb>, <Vm>.<Tb>

if !'HaveFPl6MulNoRoundingToFP32Ext () then UnallocatedEncoding() ;
integer d = UInt (Rd);
integer n = UInt (Rn);
integer m = UInt (Rm);

if sz == '1l' then ReservedValue();

integer esize = 32;

integer datasize = if Q == 'l' then 128 else 64;
integer elements = datasize DIV esize;

boolean sub op = (S == '1");

integer part = 1;
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Assembler Symbols

<Vd> Is the name of the SIMD&FP destination register, encoded in the "Rd" field.
<Ta> Is an arrangement specifier, encoded in “Q”:

Q <Ta>

0 28

1 4S
<Vn> Is the name of the first SIMD&FP source register, encoded in the "Rn" field.
<Tb> Is an arrangement specifier, encoded in “Q”:

_Q <Tb>

0 2H

1 4H
<Vm> Is the name of the second SIMD&FP source register, encoded in the "Rm" field.
Operation

CheckFPAdvSIMDEnabled64 () ;
bits(datasize DIV 2) operandl = Vpart[n, part];

tarpartls

bits(datasize DIV 2) operand2 = Vpart[m, part];
twrpartls

bits (datasize) operand3 = V[d];

bits (datasize) result;

bits(esize DIV 2) elementl;

bits(esize DIV 2) element2;

for e = 0 to elements-1

elementl = Elem[operandl, e, esize DIV 2];

element2 = Elem[operand2, e, esize DIV 2];

if sub op then elementl = FPNeg(elementl);

Elem[result, e, esize] = FPMulAddH (fresult;eresizel — FPMulAddH(Flem[operand3, e, esize], elementl,
V[d] = result;
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FMOV (vector, immediate)

Floating-point move immediate (vector). This instruction copies an immediate floating-point constant into every element of the SIMD&FP
destination register.

Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

It has encodings from 2 classes: Half-precision and Single-precision and double-precision

Half-precision
(ARMVvS.2)

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
[o]QJoJo 1 1 1 1 0 0 0 0 0Jal[bfc|[1 1 1 1[1[1][d]elf]lg]h] Rd |

Half-precision

FMOV <Vd>.<T>, #<imm>

if !HaveFPl6Ext () then UnallocatedEncoding() ;

integer rd = UInt(Rd);

integer datasize = if Q == 'l' then 128 else 64;
bits (datasize) imm;

imm8 = a:b:c:d:e:f:g:h;
imml6 = imm8<7>:NOT (imm8<6>) :Replicate (1mm8<6>, 2) :1imm8<5:0>: {(immB8<6>,2):imm8<5:0>:7ecr0s (6);

imm = Replicate(imml6, datasize DIV 16);
Single-precision and double-precision
31 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

lo]Qfop/0 1 1 1 1 0 0 0 0 O[albfc|[1 1 1 1]o[1][d][e|[flg]|h] Rd |
cmode
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Single-precision (op == 0)
FMOV <Vd>.<T>, #<imm>
Double-precision (Q == 1 && op == 1)

FMOV <Vd>.2D, #<imm>
integer rd = UInt (Rd);

integer datasize = if Q == '1l' then 128 else 64;
bits (datasize) imm;
bits(64) imm64;

if cmode:op == '11111' then
// FMOV Dn,#imm is in main FP instruction set

== '0' thenbits{64)—immé4; ImmediateOp operation;

=
Hh
0

UnallocatedEncodin

i
|

—
—
~

imm64 = AdvSIMDExpandImm(op, cmode, a:b:c:d:e:f:g:h);
imm = Replicate(immé64, datasize DIV 64);

Assembler Symbols

<Vd> Is the name of the SIMD&FP destination register, encoded in the "Rd" field.
<T> For the half-precision variant: is an arrangement specifier, encoded in “Q”:

Q <T>

0 4H

1 8H

For the single-precision variant: is an arrangement specifier, encoded in “Q”:

<T>
2S

_Q
0
1 | as

<imm> Is a signed floating-point constant with 3-bit exponent and normalized 4 bits of precision, encoded in "a:b:c:d:e:f:g:h". For
details of the range of constants available and the encoding of <imm>, see Modified immediate constants in A64 floating-
point instructions.

Operation

CheckFPAdvSIMDEnabled64 () ;

V[rd] = imm;
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FMOV (register)

Floating-point Move register without conversion. This instruction copies the floating-point value in the SIMD&FP source register to the
SIMD&FP destination register.

Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

31 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

[o]o]o[1 1 1 1 oftype[1]0 0 0 0[O0 0[1 0 0 0 0] Rn | Rd

opc

Half-precision (type == 11)
(ARMVS.2)

FMOV <Hd>, <Hn>

Single-precision (type == 00)

FMOV <Sd>, <Sn>

Double-precision (type == 01)

FMOV <Dd>, <Dn>

integer d = UInt(Rd);
integer n = UInt (Rn);

integer datasize;
case type of
when '00' datasize = 32;
when '01' datasize = 64;
when '10' UnallocatedEncoding() ;
when '11'
if HaveFPl6Ext () then
datasize = 16;
else

UnallocatedEncoding () ; EPBnaxryOp—fpop+

Assembler Symbols

<Dd> Is the 64-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Dn> Is the 64-bit name of the SIMD&FP source register, encoded in the "Rn" field.
<Hd> Is the 16-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Hn> Is the 16-bit name of the SIMD&FP source register, encoded in the "Rn" field.
<Sd> Is the 32-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Sn> Is the 32-bit name of the SIMD&FP source register, encoded in the "Rn" field.
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Operation

CheckFPAdvSIMDEnabled64 () ;

bits (datasize) operand = V[n] ;{35

Vld] = operand;fej—=—result;
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FMOV (general)

Floating-point Move to or from general-purpose register without conversion. This instruction transfers the contents of a SIMD&FP register to a
general-purpose register, or the contents of a general-purpose register to a SIMD&FP register.

Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

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
[sf[o]o[1 1 1 1 oftype[1]0 x[1 1 x[0 0 0 0 0 0] Rn | Rd |
rmode opcode
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Half-precision to 32-bit (sf == 0 && type == 11 && rmode == 00 && opcode == 110)
(ARMv8.2)

FMOV <Wd>, <Hn>

Half-precision to 64-bit (sf == 1 && type == 11 && rmode == 00 && opcode == 110)
(ARMv8.2)

FMOV <Xd>, <Hn>

32-bit to half-precision (sf == 0 && type == 11 && rmode == 00 && opcode == 111)
(ARMvS.2)

FMOV <Hd>, <Wn>

32-bit to single-precision (sf == 0 && type == 00 && rmode == 00 && opcode == 111)

FMOV <Sd>, <Wn>

Single-precision to 32-bit (sf == 0 && type == 00 && rmode == 00 && opcode == 110)

FMOV <Wd>, <Sn>

64-bit to half-precision (sf == 1 && type == 11 && rmode == 00 && opcode == 111)
(ARMvS.2)

FMOV <Hd>, <Xn>

64-bit to double-precision (sf == 1 && type == 01 && rmode == 00 && opcode == 111)

FMOV <Dd>, <Xn>

64-bit to top half of 128-bit (sf == 1 && type == 10 && rmode == 01 && opcode == 111)

FMOV <Vd>.D[1], <Xn>

Double-precision to 64-bit (sf == 1 && type == 01 && rmode == 00 && opcode == 110)

FMOV <Xd>, <Dn>

Top half of 128-bit to 64-bit (sf == 1 && type == 10 && rmode == 01 && opcode == 110)

FMOV <Xd>, <Vn>.D[1]

FMOV (general)
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integer d
integer n

integer intsize =
integer fltsize;
FPConvOp op;
FPRounding roundi
boolean unsigned;
integer part;

case type of
when '00'
fltsize
when '01°'
fltsize
when '10'
if opcode
fltsize =
when '11'

UInt (Rd) ;
UInt (Rn) ;

if sf == '1' then 64 else 32;

ng;

32;

64;

<2:1>:rmode != '11 01' then UnallocatedEncoding() ;

128;

if HaveFP

fltsi
else
Unall

16Ext () then
ze = 16;

ocatedEncoding() ;

case opcode<2:1>:
when '00 xx'

rmode of
// FCVT[NPMZ] [US]

rounding = FPDecodeRounding (rmode) ;
unsigned = (opcode<0> == '1"');
op = FPConvOp CVT FtoI;
when '01 00' // [US]CVTF
rounding = FPRoundingMode (FPCR) ;
unsigned = (opcode<0> == '1"');
op = FPConvOp CVT ItoF;
when '10 00' // FCVTA[US]
rounding = FPRounding TIEAWAY;
unsigned = (opcode<0> == '1"');
op = FPConvOp CVT FtoI;
when '11 00' // FMOV
if fltsize != 16 && fltsize != intsize then UnallocatedEncoding() ;
op = if opcode<0> == '1l' then FPConvOp MOV ItoF else FPConvOp MOV FtoI;
part = 0;
when '11 01' // FMOV D[1]
if intsize != 64 || fltsize != 128 then UnallocatedEncoding() ;
op = if opcode<0> == '1l' then FPConvOp MOV ItoF else FPConvOp MOV FtoI;
part = 1;
fltsize = 64; // size of D[1l] is 64
when '11 11°' // FEJCVTZS
if !'HaveFJCVTZSExt () then UnallocatedEncoding() ;
rounding = FPRounding ZERO;
unsigned = (opcode<0> == '1"');
op = FPConvOp CVT FtoI JS;
otherwise
UnallocatedEncoding () ;

Assembler Symbols

<Dd> Is the 64-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Hd> Is the 16-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Sd> Is the 32-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Wn> Is the 32-bit name of the general-purpose source register, encoded in the "Rn" field.
<Vd> Is the name of the SIMD&FP destination register, encoded in the "Rd" field.

<Xn> Is the 64-bit name of the general-purpose source register, encoded in the "Rn" field.
<Wd> Is the 32-bit name of the general-purpose destination register, encoded in the "Rd" field.
<Sn> Is the 32-bit name of the SIMD&FP source register, encoded in the "Rn" field.

FMOV (general)
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<Xd> Is the 64-bit name of the general-purpose destination register, encoded in the "Rd" field.

<Vn> Is the name of the SIMD&FP source register, encoded in the "Rn" field.

<Hn> Is the 16-bit name of the SIMD&FP source register, encoded in the "Rn" field.
<Dn> Is the 64-bit name of the SIMD&FP source register, encoded in the "Rn" field.
Operation

CheckFPAdvSIMDEnabled64 () ;

bits(fltsize) fltval;
bits(intsize) intval;

case op of
when FPConvOp CVT Ftol
fltval Vi[n];
intval = FPToFixed(fltval, 0, unsigned, FPCR, rounding);
X[d] = intval;
when FPConvOp CVT ItoF
intval = X[n];
fltval = FixedToFP (intval, 0, unsigned, FPCR, rounding);
v[d] = fltval;
when FPConvOp MOV Ftol
fltval = Vpart([n, part];
tarpartls
intval = ZeroExtend(fltval, intsize);
X[d] = intval;
when FPConvOp MOV ItoF
intval X[n];
fltval = intval<fltsize-1:0>;
Vpart[d, part] = fltval;
fd,part} = fltval;
when FPConvOp CVT Ftol JS
fltval = V[n];
intval = FPToFixedJS (fltval, FPCR, TRUE);
X[d] = ZeroExtend(intval<31:0>, 64);
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FMSUB

(01d) ISA_v84A A64_xml OObet7  ISA v84A A64 xml OObet7 OPT

Floating-point Fused Multiply-Subtract (scalar). This instruction multiplies the values of the first two SIMD&FP source registers, negates the
product, adds that to the value of the third SIMD&FP source register, and writes the result to the SIMD&FP destination register.

A floating-point exception can be generated by this instruction. Depending on the settings in FPCR, the exception results in either a flag being
set in FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending

on the settings in the CPACR_ELI, CPTR EL2, and CPTR EL3 registers, and the current Security state and Exception level, an

attempt to execute the instruction might be trapped.

31 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

[oJofo]1

11 1 1] type |0] Rm Ra | Rn | Rd |

Half-precision
(ARMv8.2)

[ 1]
o1 o0

(type == 11)

FMSUB <Hd>, <Hn>, <Hm>, <Ha>

Single-precision (type == 00)

FMSUB <Sd>, <Sn>, <Sm>, <Sa>

Double-precisi

on (type == 01)

FMSUB <Dd>, <Dn>, <Dm>, <Da>

integer
integer
integer
integer

integer
case typ
when
when
when
when

d UInt (Rd) ;
a = UInt(Ra);
n = UInt (Rn);
m = UInt (Rm) ;

datasize;
e of

'00' datasize = 32;
'01' datasize = 64;
'10' UnallocatedEncoding () ;
llll
if HaveFPlo6Ext () then
datasize = 16;
else

UnallocatedEncoding () ; 6+

[ogiRox
s
D D

[(ORIN0]

Assembler Symbols

<Dd>
<Dn>
<Dm>
<Da>
<Hd>
<Hn>
<Hm>

<Ha>

Is the 64-bit name of the SIMD&FP destination register, encoded in the "Rd" field.

Is the 64-bit name of the first SIMD&FP source register holding the multiplicand, encoded in the "Rn" field.

Is the 64-bit name of the second SIMD&FP source register holding the multiplier, encoded in the "Rm" field.
Is the 64-bit name of the third SIMD&FP source register holding the minuend, encoded in the "Ra" field.

Is the 16-bit name of the SIMD&FP destination register, encoded in the "Rd" field.

Is the 16-bit name of the first SIMD&FP source register holding the multiplicand, encoded in the "Rn" field.

Is the 16-bit name of the second SIMD&FP source register holding the multiplier, encoded in the "Rm" field.

Is the 16-bit name of the third SIMD&FP source register holding the minuend, encoded in the "Ra" field.
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<Sd> Is the 32-bit name of the SIMD&FP destination register, encoded in the "Rd" field.

<Sn> Is the 32-bit name of the first SIMD&FP source register holding the multiplicand, encoded in the "Rn" field.
<Sm> Is the 32-bit name of the second SIMD&FP source register holding the multiplier, encoded in the "Rm" field.
<Sa> Is the 32-bit name of the third SIMD&FP source register holding the minuend, encoded in the "Ra" field.
Operation

CheckFPAdvSIMDEnabled64 () ;
bits (datasize) result;

bits(datasize) operanda = V[a];
bits(datasize) operandl = V[n];
bits(datasize) operand2 = V[m];

operandl =if-epa—negthen operanda— FPNeg(operandl);
result =+{operanda);

ifopl—neg—thenoperandl—= EPNegloperandi)s

resugtt —FPMulAdd (operanda, operandl, operand2, FPCR);

V[d] = result;
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FMUL (scalar)

Floating-point Multiply (scalar). This instruction multiplies the floating-point values of the two source SIMD&FP registers, and writes the result
to the destination SIMD&FP register.

This instruction can generate a floating-point exception. Depending on the settings in FPCR, the exception results in either a flag being set in
FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

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
lolofo[1 1 1 1 0ftype [1] Rm lo/o 0 0[1 O] Rn | Rd |
op

Half-precision (type == 11)
(ARMv8.2)

FMUL <Hd>, <Hn>, <Hm>
Single-precision (type == 00)

FMUL <Sd>, <Sn>, <Sm>
Double-precision (type == 01)

FMUL <Dd>, <Dn>, <Dm>

integer d UInt (Rd) ;
integer n UInt (Rn);
integer m = UInt (Rm);

integer datasize;
case type of
when '00' datasize = 32;
when '01' datasize = 64;
when '10' UnallocatedEncoding() ;

when '11'
if HaveFPlo6Ext () then
datasize = 16;
else

UnallocatedEncoding () ; 6+

b lean necgated — ( —— 17 vy .
kS TEeah—hRegatet Ay )7

LN
1=

Assembler Symbols

<Dd> Is the 64-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Dn> Is the 64-bit name of the first SIMD&FP source register, encoded in the "Rn" field.
<Dm> Is the 64-bit name of the second SIMD&FP source register, encoded in the "Rm" field.
<Hd> Is the 16-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Hn> Is the 16-bit name of the first SIMD&FP source register, encoded in the "Rn" field.
<Hm> Is the 16-bit name of the second SIMD&FP source register, encoded in the "Rm" field.
<Sd> Is the 32-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Sn> Is the 32-bit name of the first SIMD&FP source register, encoded in the "Rn" field.
<Sm> Is the 32-bit name of the second SIMD&FP source register, encoded in the "Rm" field.
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Operation

CheckFPAdvSIMDEnabled64 () ;
bits (datasize) result;

bits (datasize) operandl =
bits (datasize) operand?2

result = FPMul (operandl, operand2, FPCR) ;f{eperandl, operand2, FPCR);
if negated then result =
EPNeg{result)s

V[d] = result;
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FNEG (scalar)

Floating-point Negate (scalar). This instruction negates the value in the SIMD&FP source register and writes the result to the SIMD&FP

destination register.
Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

31 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

[oJo]o[1 1 1 1 oftype[1]0 0 0 0[1 0[1 0 0 0 0] Rn | Rd

opc

Half-precision (type == 11)
(ARMVS.2)

FNEG <Hd>, <Hn>
Single-precision (type == 00)

FNEG <Sd>, <Sn>
Double-precision (type == 01)

FNEG <Dd>, <Dn>

integer d = UInt(Rd);
integer n = UInt (Rn);

integer datasize;
case type of
when '00' datasize = 32;
when '01' datasize = 64;
when '10' UnallocatedEncoding() ;
when '11'
if HaveFPl6Ext () then
datasize = 16;
else

UnallocatedEncoding () ; EPBnaxryOp—fpop+

Assembler Symbols

<Dd> Is the 64-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Dn> Is the 64-bit name of the SIMD&FP source register, encoded in the "Rn" field.
<Hd> Is the 16-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Hn> Is the 16-bit name of the SIMD&FP source register, encoded in the "Rn" field.
<Sd> Is the 32-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Sn> Is the 32-bit name of the SIMD&FP source register, encoded in the "Rn" field.
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Operation

CheckFPAdvSIMDEnabled64 () ;

bits(datasize) result;
bits(datasize) operand = V[n];

—when FRUnaryOp NEG reswlt — <l ioperandis
—when FPUnaryOp SORE reswlt — EBSqrt (operand) ; 4eperand, ERCRI;

V[d] = result;
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FNMADD

Floating-point Negated fused Multiply-Add (scalar). This instruction multiplies the values of the first two SIMD&FP source registers, negates
the product, subtracts the value of the third SIMD&FP source register, and writes the result to the destination SIMD&FP register.

This instruction can generate a floating-point exception. Depending on the settings in FPCR, the exception results in either a flag being set in
FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

31 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

loJoJo]1 1 1 1 1]type [1] Rm 0] Ra | Rn | Rd |
o1 o0

Half-precision (type == 11)
(ARMv8.2)

FNMADD <Hd>, <Hn>, <Hm>, <Ha>

Single-precision (type == 00)

FNMADD <Sd>, <Sn>, <Sm>, <Sa>

Double-precision (type == 01)

FNMADD <Dd>, <Dn>, <Dm>, <Da>

integer d = Ulnt (Rd);
integer a = Ulnt (Ra);
integer n = Ulnt (Rn);
integer m = UInt (Rm) ;

integer datasize;
case type of
when '00' datasize = 32;
when '0l1' datasize = 64;
when '10' UnallocatedEncoding() ;

when '11'
if HaveFPlo6Ext () then
datasize = 16;
else

UnallocatedEncoding () ; 6+

[ogiRox
s
D D

A~ T~
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Assembler Symbols

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

<Dn> Is the 64-bit name of the first SIMD&FP source register holding the multiplicand, encoded in the "Rn" field.
<Dm> Is the 64-bit name of the second SIMD&FP source register holding the multiplier, encoded in the "Rm" field.
<Da> Is the 64-bit name of the third SIMD&FP source register holding the addend, encoded in the "Ra" field.
<Hd> Is the 16-bit name of the SIMD&FP destination register, encoded in the "Rd" field.

<Hn> Is the 16-bit name of the first SIMD&FP source register holding the multiplicand, encoded in the "Rn" field.
<Hm> Is the 16-bit name of the second SIMD&FP source register holding the multiplier, encoded in the "Rm" field.
<Ha> Is the 16-bit name of the third SIMD&FP source register holding the addend, encoded in the "Ra" field.
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<Sd> Is the 32-bit name of the SIMD&FP destination register, encoded in the "Rd" field.

<Sn> Is the 32-bit name of the first SIMD&FP source register holding the multiplicand, encoded in the "Rn" field.
<Sm> Is the 32-bit name of the second SIMD&FP source register holding the multiplier, encoded in the "Rm" field.
<Sa> Is the 32-bit name of the third SIMD&FP source register holding the addend, encoded in the "Ra" field.
Operation

CheckFPAdvSIMDEnabled64 () ;
bits (datasize) result;

bits(datasize) operanda = V[a];
bits(datasize) operandl = V[n];
bits(datasize) operand2 = V[m];

operanda =if-epa—neg then operanda—= FPNeg (operanda);
operandl =ifepl neg then operandl = FPNeg (operandl);
result = FPMulAdd (operanda, operandl, operand2, FPCR);

V[d] = result;
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ISA v84A A64 xml 00bet7 htmldiff from- (new)
(o1d) ISA v84A A64 xml OObet7  ISA v84A A64 xml 00bet7 OPT

FNMSUB

Floating-point Negated fused Multiply-Subtract (scalar). This instruction multiplies the values of the first two SIMD&FP source registers,
subtracts the value of the third SIMD&FP source register, and writes the result to the destination SIMD&FP register.

A floating-point exception can be generated by this instruction. Depending on the settings in FPCR, the exception results in either a flag being
set in FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

31 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

loJoJo]1 1 1 1 1]type [1] Rm | 1] Ra | Rn | Rd |
o1 o0
Half-precision (type == 11)
(ARMvS.2)
FNMSUB <Hd>, <Hn>, <Hm>, <Ha>
Single-precision (type == 00)
FNMSUB <Sd>, <Sn>, <Sm>, <Sa>
Double-precision (type == 01)
FNMSUB <Dd>, <Dn>, <Dm>, <Da>
integer d = Ulnt (Rd);
integer a = Ulnt (Ra);
integer n = Ulnt (Rn);
integer m = UInt (Rm) ;
integer datasize;
case type of
when '00' datasize = 32;
when '0l1' datasize = 64;
when '10' UnallocatedEncoding() ;
when '11'
if HaveFPlo6Ext () then
datasize = 16;
else
UnallocatedEncoding () ;-
b 1 an na neeog — (A7 —— VIV .
© —Cait PG o= = 77
b 1 an Nl neeog — (A0 1 — 1) .
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Assembler Symbols
<Dd> Is the 64-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Dn> Is the 64-bit name of the first SIMD&FP source register holding the multiplicand, encoded in the "Rn" field.
<Dm> Is the 64-bit name of the second SIMD&FP source register holding the multiplier, encoded in the "Rm" field.
<Da> Is the 64-bit name of the third SIMD&FP source register holding the minuend, encoded in the "Ra" field.
<Hd> Is the 16-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Hn> Is the 16-bit name of the first SIMD&FP source register holding the multiplicand, encoded in the "Rn" field.
<Hm> Is the 16-bit name of the second SIMD&FP source register holding the multiplier, encoded in the "Rm" field.
<Ha> Is the 16-bit name of the third SIMD&FP source register holding the minuend, encoded in the "Ra" field.

FNMSUB Page 262


ISA_v84A_A64_xml_00bet7/xhtml/fnmsub_float.html
ISA_v84A_A64_xml_00bet7/xhtml/fnmsub_float.html
ISA_v84A_A64_xml_00bet7_OPT/xhtml/fnmsub_float.html
ISA_v84A_A64_xml_00bet7_OPT/xhtml/fnmsub_float.html
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UnallocatedEncoding.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.HaveFP16Ext.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UnallocatedEncoding.0

<Sd> Is the 32-bit name of the SIMD&FP destination register, encoded in the "Rd" field.

<Sn> Is the 32-bit name of the first SIMD&FP source register holding the multiplicand, encoded in the "Rn" field.
<Sm> Is the 32-bit name of the second SIMD&FP source register holding the multiplier, encoded in the "Rm" field.
<Sa> Is the 32-bit name of the third SIMD&FP source register holding the minuend, encoded in the "Ra" field.
Operation

CheckFPAdvSIMDEnabled64 () ;
bits (datasize) result;

bits(datasize) operanda = V[a];
bits(datasize) operandl = V[n];
bits(datasize) operand2 = V[m];

operanda =if-epa—neg then operanda—= FPNeg (operanda);

result =if eopl neg then operandl = FPNeg{operandl);
resugtt —FPMulAdd (operanda, operandl, operand2, FPCR);

V[d] = result;
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FNMUL (scalar)

Floating-point Multiply-Negate (scalar). This instruction multiplies the floating-point values of the two source SIMD&FP registers, and writes
the negation of the result to the destination SIMD&FP register.

This instruction can generate a floating-point exception. Depending on the settings in FPCR, the exception results in either a flag being set in
FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

31 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
loJoJo]1 1 1 1 oftype [1] Rm |1]0 0 0o]1 0] Rn | Rd |
op

Half-precision (type == 11)
(ARMv8.2)

FNMUL <Hd>, <Hn>, <Hm>

Single-precision (type == 00)

FNMUL <Sd>, <Sn>, <Sm>

Double-precision (type == 01)

FNMUL <Dd>, <Dn>, <Dm>

integer d = UInt(Rd);
integer n = UInt(Rn);
integer m = UInt (Rm);

integer datasize;
case type of
when '00' datasize = 32;
when '01' datasize = 64;
when '10' UnallocatedEncoding() ;
when '11'
if HaveFPlo6Ext () then
datasize = 16;
else
UnallocatedEncoding () ;5
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Assembler Symbols

<Dd> Is the 64-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Dn> Is the 64-bit name of the first SIMD&FP source register, encoded in the "Rn" field.
<Dm> Is the 64-bit name of the second SIMD&FP source register, encoded in the "Rm" field.
<Hd> Is the 16-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Hn> Is the 16-bit name of the first SIMD&FP source register, encoded in the "Rn" field.
<Hm> Is the 16-bit name of the second SIMD&FP source register, encoded in the "Rm" field.
<Sd> Is the 32-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Sn> Is the 32-bit name of the first SIMD&FP source register, encoded in the "Rn" field.
<Sm> Is the 32-bit name of the second SIMD&FP source register, encoded in the "Rm" field.
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Operation

CheckFPAdvSIMDEnabled64 () ;
bits (datasize) result;

bits (datasize) operandl =
bits (datasize) operand?2

result = FPMul (operandl, operand2, FPCR);

result =if negated then result = FPNeg(result);

V[d] = result;
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FRINTA (scalar)

Floating-point Round to Integral, to nearest with ties to Away (scalar). This instruction rounds a floating-point value in the SIMD&FP source
register to an integral floating-point value of the same size using the Round to Nearest with Ties to Away rounding mode, and writes the result to
the SIMD&FP destination register.

A zero input gives a zero result with the same sign, an infinite input gives an infinite result with the same sign, and a NaN is propagated as for
normal arithmetic.

A floating-point exception can be generated by this instruction. Depending on the settings in FPCR, the exception results in either a flag being
set in FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

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
[o]o]o[1 1 1 1 oftype[1]0 0 1]1 0 0[1 0 0 0 0] Rn | Rd |
rmode

Half-precision (type == 11)
(ARMVS.2)

FRINTA <Hd>, <Hn>

Single-precision (type == 00)

FRINTA <Sd>, <Sn>

Double-precision (type == 01)

FRINTA <Dd>, <Dn>

integer d = UInt(Rd);
integer n = UInt (Rn);

integer datasize;
case type of
when '00' datasize = 32;
when '01' datasize = 64;
when '10' UnallocatedEncoding() ;
when '11'
if HaveFPl6Ext () then
datasize = 16;
else
UnallocatedEncoding () ; -6+

Assembler Symbols

<Dd> Is the 64-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Dn> Is the 64-bit name of the SIMD&FP source register, encoded in the "Rn" field.
<Hd> Is the 16-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Hn> Is the 16-bit name of the SIMD&FP source register, encoded in the "Rn" field.
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<Sd> Is the 32-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Sn> Is the 32-bit name of the SIMD&FP source register, encoded in the "Rn" field.

Operation

CheckFPAdvSIMDEnabled64 () ;

bits (datasize) result;
bits(datasize) operand = V[n];

result = FPRoundInt (operand, FPCR,{eperand; FPCR, rounding, exact); FPRounding TIEAWAY, FALSE) ;

V[d] = result;
Internal version only: isa v29.05, AdvSIMD v26.0, pseudocode v35.3 ; Build timestamp: 2018-06-16T09:5845
Copyright © 2010-2018 ARM Limited or its affiliates. All rights reserved. This document is Non-Confidential.
ISA v84A A64 xml O0Obet?7 htmldiff from- (new)

(old) ISA_v84A _A64_xml 00bet7  ISA v84A A64 xml 00bet7 OPT

FRINTA (scalar) Page 267


ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-aarch64.CheckFPAdvSIMDEnabled64.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-aarch64.V.read.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.FPRoundInt.4
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#FPRounding_TIEAWAY
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-aarch64.V.write.1
ISA_v84A_A64_xml_00bet7/xhtml/frinta_float.html
ISA_v84A_A64_xml_00bet7/xhtml/frinta_float.html
ISA_v84A_A64_xml_00bet7_OPT/xhtml/frinta_float.html
ISA_v84A_A64_xml_00bet7_OPT/xhtml/frinta_float.html

ISA v84A A64 xml 00bet7 htmldiff from- (new)
(o1d) ISA v84A A64 xml OObet7  ISA v84A A64 xml 00bet7 OPT

FRINTI (scalar)

Floating-point Round to Integral, using current rounding mode (scalar). This instruction rounds a floating-point value in the SIMD&FP source
register to an integral floating-point value of the same size using the rounding mode that is determined by the FPCR, and writes the result to the
SIMD&FP destination register.

A zero input gives a zero result with the same sign, an infinite input gives an infinite result with the same sign, and a NaN is propagated as for
normal arithmetic.

A floating-point exception can be generated by this instruction. Depending on the settings in FPCR, the exception results in either a flag being
set in FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.
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[oJo]o[1 1 1 1 oftype[1]0 O 1]1 1 1[1 0 0 0 0] Rn | Rd |
rmode

Half-precision (type == 11)
(ARMVS.2)

FRINTI <Hd>, <Hn>

Single-precision (type == 00)

FRINTI <Sd>, <Sn>

Double-precision (type == 01)

FRINTI <Dd>, <Dn>

integer d = UInt(Rd);
integer n = UInt (Rn);

integer datasize;
case type of
when '00' datasize = 32;
when '01' datasize = 64;
when '10' UnallocatedEncoding() ;
when '11'
if HaveFPl6Ext () then
datasize = 16;
else
UnallocatedEncoding () ; -6+
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Assembler Symbols

<Dd> Is the 64-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Dn> Is the 64-bit name of the SIMD&FP source register, encoded in the "Rn" field.
<Hd> Is the 16-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
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<Hn> Is the 16-bit name of the SIMD&FP source register, encoded in the "Rn" field.

<Sd> Is the 32-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Sn> Is the 32-bit name of the SIMD&FP source register, encoded in the "Rn" field.
Operation

CheckFPAdvSIMDEnabled64 () ;

bits (datasize) result;
bits (datasize) operand = V[n];

result = FPRoundInt (operand, FPCR, rounding, FALSE) ; 5 5 ! 5 7

V[d] = result;
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ISA v84A A64 xml 0Obet7
(old)

FRINTM (scalar)

htmldiff from-
ISA v84A A64 _xml OObet7

(new)
ISA v84A A64 xml 00bet7 OPT

Floating-point Round to Integral, toward Minus infinity (scalar). This instruction rounds a floating-point value in the SIMD&FP source register

to an integral floating-point value of the same size using the Round towards Minus Infinity rounding mode, and writes the result to the

SIMD&FP destination register.

A zero input gives a zero result with the same sign, an infinite input gives an infinite result with the same sign, and a NaN is propagated as for

normal arithmetic.

A floating-point exception can be generated by this instruction. Depending on the settings in FPCR, the exception results in either a flag being
set in FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an

attempt to execute the instruction might be trapped.

31 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

0

[oJofo[1 1 1 1 oftype[1]0 0 1]0

1 0[1 0 0 0 O] Rn | Rd

Half-precision (type == 11)
(ARMVS.2)

FRINTM <Hd>, <Hn>

Single-precision (type == 00)

FRINTM <Sd>, <Sn>

Double-precision (type == 01)

FRINTM <Dd>, <Dn>
integer d = UInt(Rd);
integer n = UInt (Rn);

integer datasize;
case type of
when '00'
when '01°'
when '10'
when '11'
if HaveFPl6Ext () then
datasize = 16;
else
UnallocatedEncoding () ; -6+

datasize = 32;
datasize = 64;
UnallocatedEncoding () ;

I P ——— T

FPRounding rounding;

rounding =ease—rmod £

rmode

when 0t rounding = FPDecodeRounding ('10"'") ; frmede<i:0>)+

v i c =

Assembler Symbols

<Dd>
<Dn>

<Hd>

Is the 64-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
Is the 64-bit name of the SIMD&FP source register, encoded in the "Rn" field.
Is the 16-bit name of the SIMD&FP destination register, encoded in the "Rd" field.

FRINTM (scalar)
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<Hn> Is the 16-bit name of the SIMD&FP source register, encoded in the "Rn" field.

<Sd> Is the 32-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Sn> Is the 32-bit name of the SIMD&FP source register, encoded in the "Rn" field.
Operation

CheckFPAdvSIMDEnabled64 () ;

bits (datasize) result;
bits (datasize) operand = V[n];

result = FPRoundInt (operand, FPCR, rounding, FALSE) ; 5 5 ! 5 7

V[d] = result;
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ISA v84A A64 xml 0Obet7
(old)

FRINTN (scalar)

ISA_v84A A64_xml_00bet7

htmldiff from-

(new)

ISA v84A A64 xml 00bet7 OPT

Floating-point Round to Integral, to nearest with ties to even (scalar). This instruction rounds a floating-point value in the SIMD&FP source
register to an integral floating-point value of the same size using the Round to Nearest rounding mode, and writes the result to the SIMD&FP

destination register.

A zero input gives a zero result with the same sign, an infinite input gives an infinite result with the same sign, and a NaN is propagated as for

normal arithmetic.

A floating-point exception can be generated by this instruction. Depending on the settings in FPCR, the exception results in either a flag being
set in FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an

attempt to execute the instruction might be trapped.

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 3 2 1 0

[o]o]o[1 1 1 1 oftype[1]0 0 1]0 0 0[1 0 0 0 O] Rn | Rd |
rmode
Half-precision (type == 11)
(ARMv8.2)
FRINTN <Hd>, <Hn>
Single-precision (type == 00)
FRINTN <Sd>, <Sn>
Double-precision (type == 01)
FRINTN <Dd>, <Dn>
integer d = UInt(Rd);
integer n = UInt (Rn);
integer datasize;
case type of
when '00' datasize = 32;
when '01' datasize = 64;
when '10' UnallocatedEncoding() ;
when '11'
if HaveFPl6Ext () then
datasize = 16;
else
UnallocatedEncoding () ; -6+
I P ——— T
FPRounding rounding;
rounding =ease—rmod £
when—'0 ' rounding = FPDecodeRounding('00") ; frmede<l:0>)5
Assembler Symbols
<Dd> Is the 64-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Dn> Is the 64-bit name of the SIMD&FP source register, encoded in the "Rn" field.
<Hd> Is the 16-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
FRINTN (scalar)
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<Hn> Is the 16-bit name of the SIMD&FP source register, encoded in the "Rn" field.

<Sd> Is the 32-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Sn> Is the 32-bit name of the SIMD&FP source register, encoded in the "Rn" field.
Operation

CheckFPAdvSIMDEnabled64 () ;

bits (datasize) result;
bits (datasize) operand = V[n];

result = FPRoundInt (operand, FPCR, rounding, FALSE) ; 5 5 ! 5 7

V[d] = result;
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ISA v84A A64 xml 0Obet7
(old)

FRINTP (scalar)

ISA_v84A A64_xml_00bet7

htmldiff from- (new)
ISA v84A A64 xml 00bet7 OPT

Floating-point Round to Integral, toward Plus infinity (scalar). This instruction rounds a floating-point value in the SIMD&FP source register to
an integral floating-point value of the same size using the Round towards Plus Infinity rounding mode, and writes the result to the SIMD&FP

destination register.

A zero input gives a zero result with the same sign, an infinite input gives an infinite result with the same sign, and a NaN is propagated as for

normal arithmetic.

A floating-point exception can be generated by this instruction. Depending on the settings in FPCR, the exception results in either a flag being
set in FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an

attempt to execute the instruction might be trapped.

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

[o]o]o[1 1 1 1 oftype[1]0 0 1]0 0 1[1 0 0 0 0] Rn | Rd |
rmode
Half-precision (type == 11)
(ARMv8.2)
FRINTP <Hd>, <Hn>
Single-precision (type == 00)
FRINTP <Sd>, <Sn>
Double-precision (type == 01)
FRINTP <Dd>, <Dn>
integer d = UInt(Rd);
integer n = UInt (Rn);
integer datasize;
case type of
when '00' datasize = 32;
when '01' datasize = 64;
when '10' UnallocatedEncoding() ;
when '11'
if HaveFPl6Ext () then
datasize = 16;
else
UnallocatedEncoding () ; -6+
I P ——— T
FPRounding rounding;
rounding =ease—rmod £
when 02 rounding = FPDecodeRounding ('01l') ; frmede<i:0>)+
Assembler Symbols
<Dd> Is the 64-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Dn> Is the 64-bit name of the SIMD&FP source register, encoded in the "Rn" field.
<Hd> Is the 16-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
FRINTP (scalar)
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<Hn> Is the 16-bit name of the SIMD&FP source register, encoded in the "Rn" field.

<Sd> Is the 32-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Sn> Is the 32-bit name of the SIMD&FP source register, encoded in the "Rn" field.
Operation

CheckFPAdvSIMDEnabled64 () ;

bits (datasize) result;
bits (datasize) operand = V[n];

result = FPRoundInt (operand, FPCR, rounding, FALSE) ; 5 5 ! 5 7

V[d] = result;
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ISA v84A A64 xml 0Obet7
(old)

FRINTX (scalar)

htmldiff from-
ISA v84A A64 _xml OObet7

(new)

ISA v84A A64 xml 00bet7 OPT

Floating-point Round to Integral exact, using current rounding mode (scalar). This instruction rounds a floating-point value in the SIMD&FP
source register to an integral floating-point value of the same size using the rounding mode that is determined by the FPCR, and writes the result

to the SIMD&FP destination register.

An Inexact exception is raised when the result value is not numerically equal to the input value. A zero input gives a zero result with the same
sign, an infinite input gives an infinite result with the same sign, and a NaN is propagated as for normal arithmetic.

A floating-point exception can be generated by this instruction. Depending on the settings in FPCR, the exception results in either a flag being
set in FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an

attempt to execute the instruction might be trapped.

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 3 2 1 0
[o]o]o[1 1 1 1 oftype[1]0 0 1]1 1 0[1 0 0 0 0] | Rd |
rmode

Half-precision (type == 11)
(ARMVS.2)

FRINTX <Hd>, <Hn>

Single-precision (type == 00)

FRINTX <Sd>, <Sn>

Double-precision (type == 01)

FRINTX <Dd>, <Dn>

integer d = UInt(Rd);
integer n = UInt (Rn);

integer datasize;
case type of
when '00' datasize = 32;
when '01' datasize = 64;
when '10' UnallocatedEncoding() ;
when '11'
if HaveFPl6Ext () then
datasize = 16;
else
UnallocatedEncoding () ; -6+

I P ——— T

FPRounding rounding;
rounding =ease—rmod £
whep—Oxx'—¥rou

Assembler Symbols

<Dd>
<Dn>

<Hd>

Is the 64-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
Is the 64-bit name of the SIMD&FP source register, encoded in the "Rn" field.
Is the 16-bit name of the SIMD&FP destination register, encoded in the "Rd" field.

FRINTX (scalar)
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<Hn> Is the 16-bit name of the SIMD&FP source register, encoded in the "Rn" field.

<Sd> Is the 32-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Sn> Is the 32-bit name of the SIMD&FP source register, encoded in the "Rn" field.
Operation

CheckFPAdvSIMDEnabled64 () ;

bits (datasize) result;
bits (datasize) operand = V[n];

result = FPRoundInt (operand, FPCR, rounding, TRUE) ; {eperand, FPCR, rounding, exact);

V[d] = result;
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ISA v84A A64 xml 0Obet7
(old)

FRINTZ (scalar)

htmldiff from-
ISA v84A A64 _xml OObet7

(new)

ISA v84A A64 xml 00bet7 OPT

Floating-point Round to Integral, toward Zero (scalar). This instruction rounds a floating-point value in the SIMD&FP source register to an
integral floating-point value of the same size using the Round towards Zero rounding mode, and writes the result to the SIMD&FP destination

register.

A zero input gives a zero result with the same sign, an infinite input gives an infinite result with the same sign, and a NaN is propagated as for

normal arithmetic.

A floating-point exception can be generated by this instruction. Depending on the settings in FPCR, the exception results in either a flag being
set in FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an

attempt to execute the instruction might be trapped.

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 3 2 1 0

[oJofo[1 1 1 1 oftype[1]0 0 1]0

1 11 0 0 0 0]

| Rd |

Half-precision (type == 11)
(ARMVS.2)

FRINTZ <Hd>, <Hn>

Single-precision (type == 00)

FRINTZ <Sd>, <Sn>

Double-precision (type == 01)

FRINTZ <Dd>, <Dn>
integer d = UInt(Rd);
integer n = UInt (Rn);

integer datasize;
case type of
when '00' datasize = 32;
when '01' datasize = 64;
when '10' UnallocatedEncoding() ;
when '11'
if HaveFPl6Ext () then
datasize = 16;
else
UnallocatedEncoding () ; -6+

I P ——— T

FPRounding rounding;

rounding =ease—rmod £

rmode

when—'0 ' rounding = FPDecodeRounding('1l1l') ; frmede<l:0>);

v i c =

Assembler Symbols

<Dd>
<Dn>

<Hd>

Is the 64-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
Is the 64-bit name of the SIMD&FP source register, encoded in the "Rn" field.
Is the 16-bit name of the SIMD&FP destination register, encoded in the "Rd" field.

FRINTZ (scalar)
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<Hn> Is the 16-bit name of the SIMD&FP source register, encoded in the "Rn" field.

<Sd> Is the 32-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Sn> Is the 32-bit name of the SIMD&FP source register, encoded in the "Rn" field.
Operation

CheckFPAdvSIMDEnabled64 () ;

bits (datasize) result;
bits (datasize) operand = V[n];

result = FPRoundInt (operand, FPCR, rounding, FALSE) ; 5 5 ! 5 7

V[d] = result;
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ISA v84A A64 xml 0Obet7 htmldiff from-
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ISA v84A A64 xml 00bet7 OPT

FSQRT (scalar)

Floating-point Square Root (scalar). This instruction calculates the square root of the value in the SIMD&FP source register and writes the result
to the SIMD&FP destination register.
A floating-point exception can be generated by this instruction. Depending on the settings in FPCR, the exception results in either a flag being
set in FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.
Depending on the settings in the CPACR_ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

31 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
lolofo[1 1 1 1 of[type[1]/0 0 0 O0[1 1[{1 0 0 0 O] Rn | Rd |
opc
Half-precision (type == 11)
(ARMvS.2)
FSQRT <Hd>, <Hn>
Single-precision (type == 00)
FSQRT <Sd>, <Sn>
Double-precision (type == 01)
FSQORT <Dd>, <Dn>
integer d = Ulnt (Rd);
integer n = Ulnt (Rn);
integer datasize;
case type of
when '00' datasize = 32;
when '0l1' datasize = 64;
when '10' UnallocatedEncoding() ;
when '11'
if HaveFPlo6Ext () then
datasize = 16;
else
UnallocatedEncoding () ; ERPURaEyOpP—£pop+
case opc oI
L} 1 — ’.
L} 1 — ’.
L} 1 — ’.
L} 1 — .
Assembler Symbols
<Dd> Is the 64-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Dn> Is the 64-bit name of the SIMD&FP source register, encoded in the "Rn" field.
<Hd> Is the 16-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Hn> Is the 16-bit name of the SIMD&FP source register, encoded in the "Rn" field.
<Sd> Is the 32-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
<Sn> Is the 32-bit name of the SIMD&FP source register, encoded in the "Rn" field.
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ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#FPUnaryOp_SQRT

Operation

CheckFPAdvSIMDEnabled64 () ;

bits(datasize) result;
bits(datasize) operand = V[n];

FPSgrt (operand, FPCR);

V[d] = result;
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FSUB (scalar)

ISA v84A A64 xml 00bet7 htmldiff from- (new)

(01d) ISA_v84A A64_xml OObet7  ISA v84A A64 xml OObet7 OPT

Floating-point Subtract (scalar). This instruction subtracts the floating-point value of the second source SIMD&FP register from the floating-
point value of the first source SIMD&FP register, and writes the result to the destination SIMD&FP register.

This instruction can generate a floating-point exception. Depending on the settings in FPCR, the exception results in either a flag being set in
FPSR, or a synchronous exception being generated. For more information, see Floating-point exception traps.

Depending on the settings in the CPACR_ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

31 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

[oJofo]1

1 1 0] type [ 1] Rm o 0o 1]1]1 o] Rn | Rd |

op

Half-precision (type == 11)

(ARMvS.2)

FSUB <Hd>, <Hn>, <Hm>

Single-precision (type == 00)

FSUB <Sd>, <Sn>, <Sm>

Double-precision (type == 01)

integer d
integer n
integer m

FSUB <Dd>, <Dn>, <Dm>

UInt (Rd) ;
UInt (Rn);
UInt (Rm) ;

integer datasize;

case type of
'00' datasize = 32;
'01' datasize = 64;
'10' UnallocatedEncoding () ;
llll
if HaveFPlo6Ext () then
datasize = 16;

UnallocatedEncoding () ; 6+

_ V7 vy .
=7

n
1 7

Assembler Symbols

<Dd>
<Dn>
<Dm>
<Hd>
<Hn>
<Hm>
<Sd>
<Sn>

<Sm>

Is the 64-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
Is the 64-bit name of the first SIMD&FP source register, encoded in the "Rn" field.
Is the 64-bit name of the second SIMD&FP source register, encoded in the "Rm" field.
Is the 16-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
Is the 16-bit name of the first SIMD&FP source register, encoded in the "Rn" field.
Is the 16-bit name of the second SIMD&FP source register, encoded in the "Rm" field.
Is the 32-bit name of the SIMD&FP destination register, encoded in the "Rd" field.
Is the 32-bit name of the first SIMD&FP source register, encoded in the "Rn" field.

Is the 32-bit name of the second SIMD&FP source register, encoded in the "Rm" field.
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Operation

CheckFPAdvSIMDEnabled64 () ;
bits (datasize) result;

bits(datasize) operandl
bits (datasize) operand?2

result ~LE-subop-Ehen
——sesule~ rroub(operandl, operand?, FECR);{eperandl opasands, EECRIF

Vin];
V[m];

V[d] = result;
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HINT

Hint instruction is for the instruction set space that is reserved for architectural hint instructions.

Some encodings described here are not allocated in this revision of the architecture, and behave as NOPs. These encodings might be allocated to
other hint functionality in future revisions of the architecture and therefore must not be used by software.

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 0
[11 01 01010 o0[0[0o 0[]0 1 1[0 0 1 0] CRm | op2 [1 1 1 1 1]
System

HINT #<imm>
SystemHintOp op;

case CRm:op2 of
when '0000 000' op = SystemHintOp NOP;
when '0000 001' op = SystemHintOp YIELD;
when '0000 010' op = SystemHintOp WFE;
when '0000 011' op = SystemHintOp WFI;
when '0000 100' op = SystemHintOp SEV;
when '0000 101' op = SystemHintOp SEVL;
when '0000 111"
SEE "XPACLRI";
when '0001 xxx'
SEE "PACIA1716, PACIBl1716, AUTIAl716, AUTIB1716";
when '0010 000"
if !'HaveRASExt () then EndOfInstruction(); // Instruction executes as NOP
op = SystemHintOp ESB;
when '0010 001'
if !HaveStatisticalProfiling() then EndOfInstruction(); // Instruction executes as NOP
op = SystemHintOp PSB;
when '0010 010
if !HaveSelfHostedTrace () then EndOfInstruction(); // Instruction executes as NOP
op = SystemHintOp TSB;
when '0010 100
op = SystemHintOp CSDB;
when '0011 xxx'
SEE "PACIAZ, PACIASP, PACIBZ, PACIBSP, AUTIAZ, AUTIASP, AUTIBZ, AUTIBSP";
otherwise EndOfInstruction () ;)= [/—Instruction executes—as NOP

Assembler Symbols

<imm> Is a 7-bit unsigned immediate, in the range 0 to 127 encoded in the "CRm:op2" field.
The encodings that are allocated to architectural hint functionality are described in the "Hints" table in the "Index by
Encoding".
For allocated encodings of "CRm:op2":
* A disassembler will disassemble the allocated instruction, rather than the HINT instruction.
* An assembler may support assembly of allocated encodings using HINT with the corresponding <imm>

value, but it is not required to do so.
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Operation

case op of
when SystemHintOp YIELDHint Yield();

when SystemHintOp WFE
if IsEventRegisterSet () then
ClearEventRegister () ;
else
if PSTATE.EL == ELO then
// Check for traps described by the 0S which may be EL1 or EL2.
AArch64.CheckForWFxTrap (EL1, TRUE);
if EL2Enabled() && PSTATE.EL IN {ELO, EL1l} && !IsInHost() then
// Check for traps described by the Hypervisor.
AArch64.CheckForWFxTrap (EL2, TRUE) ;
if HaveEL(EL3) && PSTATE.EL != EL3 then
// Check for traps described by the Secure Monitor.
AArch64.CheckForWFxTrap (EL3, TRUE);
WaitForEvent () ;

when SystemHintOp WFEI
if !InterruptPending() then

if PSTATE.EL == ELO then
// Check for traps described by the 0S which may be EL1 or EL2.
AArch64.CheckForWFxTrap (ELl, FALSE);

if EL2Enabled() && PSTATE.EL IN {ELO, EL1l} && !IsInHost() then
// Check for traps described by the Hypervisor.
AArch64.CheckForWFxTrap (EL2, FALSE) ;

if HaveEL(EL3) && PSTATE.EL != EL3 then
// Check for traps described by the Secure Monitor.
AArch64.CheckForWFxTrap (EL3, FALSE);

WaitForInterrupt () ;

when SystemHintOp SEVSendEvent () ;

when SystemHintOp SEVLSendEventLocal () ;

when SystemHintOp ESBSynchronizeErrors();

AArcho64 .ESBOperation () ;
if EL2Enabled() && PSTATE.EL IN {ELO, EL1l} then AArch64.vESBOperation();

TakeUnmaskedSErrorInterrupts () ;

when SystemHintOp PSBProfilingSynchronizationBarrier();

when SystemHintOp TSB
TraceSynchronizationBarrier () ;

when SystemHintOp CSDBConsumptionOfSpeculativeDataBarrier();

otherwise // do nothing
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HVC
Hypervisor Call causes an exception to EL2. Non-secure software executing at EL1 can use this instruction to call the hypervisor to request a
service.
The HVC instruction is UNDEFINED:

» At ELO, and Secure EL1.
* When SCR EL3.HCE is set to 0.

On executing an HVC instruction, the PE records the exception as a Hypervisor Call exception in ESR_ELx, using the EC value 0x16,
and the value of the immediate argument.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
[11 01 01 0 0[0 0 O] imm16 [0 0 0[1 O]
System
HVC #<imm>

// Empty.bits{16) imm — imml6;
Assembler Symbols
<imm> Is a 16-bit unsigned immediate, in the range 0 to 65535, encoded in the "imm16" field.
Operation

if !'HaveEL(EL2) || PSTATE.EL == ELO || (PSTATE.EL == ELl && (!IsSecureEL2Enabled() && IsSecure())) ther

UnallocatedEncoding () ;

hvc enable = if HaveEL(EL3) then SCR EL3.HCE else NOT (HCR EL2.HCD);
if hvc enable == '0' then

AArch64.UndefinedFault () ;
else

AArcho64.CallHypervisor (immlo6) ; G}
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INS (general)

Insert vector element from general-purpose register. This instruction copies the contents of the source general-purpose register to the specified
vector element in the destination SIMD&FP register.

This instruction can insert data into individual elements within a SIMD&FP register without clearing the remaining bits to zero.

Depending on the settings in the CPACR_ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

This instruction is used by the alias MOV (from general).

31 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

[of1]o]0

11100 0 0] imm5 loJo 0 1 1]1]

Rn

Rd

Advanced SIMD

INS <Vd>.<Ts>[<index>], <R><n>

integer
integer

integer

if size
integer

integer

size = LowestSetBit (immb5) ;

> 3 then UnallocatedEncoding() ;
index = UInt (imm5<4:size+1>);

esize = 8 << size;integer esi =8 size;

integer datasize =128

Assembler Symbols

<Vd>

<Ts>

<index>

<R>

<n>

Is the name of the SIMD&FP destination register, encoded in the "Rd" field.

Is an element size specifier, encoded in “imm5”:

imm5 <Ts>
x0000 RESERVED
XXXX]1 B

xxx10 H

xx100 S

x1000 D

Is the element index encoded in “imm5”:

imm5 <index>
x0000 RESERVED
Xxxx1 imm5<4:1>
xxx10 imm5<4:2>
xx100 imm5<4:3>
x1000 imm5<4>

Is the width specifier for the general-purpose source register, encoded in “imm5”:

imm5 <R>
x0000 RESERVED
xxxx1 W

xxx10 W

xx100 W

%1000 X

Is the number [0-30] of the general-purpose source register or ZR (31), encoded in the "Rn" field.
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Operation

CheckFPAdvSIMDEnabled64 () ;
bits (esize) element = X[n];
bits (128) result;

result = V[d];
Elem[result, index, esize] = element;
V[d] = result;

Operational information

If PSTATE.DIT is 1:
* 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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ISB

Instruction Synchronization Barrier flushes the pipeline in the PE and is a context synchronization event. For more information, see Instruction

Synchronization Barrier (ISB).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 1 0
/1101010 1o0o0/0[0 0[O0 1 1[00 1 1] CRm [1][1 0[1 1 1 1 1]
opc
System
ISB {<option>|#<imm>}
MemBarrierOp op;
MBRegDomain domain;
MBRegTypes types;
op =ease—ope—of
when—00'—op—= MemBarrierOp DSB;7
N1y — . ;
when 10 op = MemBarrierOp ISBR
——otherwise UnallocatedEncoding;
O
case CRm<3:2> of
when '00' domain = MBRegDomain OuterShareable;
when '0l1' domain = MBRegDomain Nonshareable;
when '10' domain = MBRegDomain InnerShareable;
when '1l1' domain = MBRegDomain FullSystem;

case CRm<1:0> of

when '0l1' types = MBReqgTypes Reads;
when '10' types = MBReqTypes Writes;
when 'll' types = MBRegTypes All;
otherwise
if CRm<3:2> == '00' then
op = MemBarrierOp SSBB;
elsif CRm<3:2> == '01' then

op = MemBarrierOp PSSBB;
@LeRE
types = MBReqTypes All;
domain = MBRegDomain FullSystem;

Assembler Symbols

<option> Specifies an optional limitation on the barrier operation. Values are:
SY
Full system barrier operation, encoded as CRm = 0b1111. Can be omitted.
All other encodings of CRm are reserved. The corresponding instructions execute as full system barrier operations, but must
not be relied upon by software.
<imm> Is an optional 4-bit unsigned immediate, in the range 0 to 15, defaulting to 15 and encoded in the "CRm" field.
Operation

case op of
when MemBarrierOp
when MemBarrierOp
when MemBarrierOp

DSBDataSynchronizationBarrier (domain,
DMBDataMemoryBarrier (domain, types);
ISBInstructionSynchronizationBarrier () ;

types) ;

when
when

MemBarrierOp

SSBBSpeculativeSynchronizationBarrierToVA() ;

MemBarrierOp

PSSBBSpeculativeSynchronizationBarrierToPA() ;
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LD1 (multiple structures)

Load multiple single-element structures to one, two, three, or four registers. This instruction loads multiple single-element structures from
memory and writes the result to one, two, three, or four SIMD&FP registers.

Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

It has encodings from 2 classes: No offset and Post-index

No offset

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
[o]Q]Jo 0 1 1 0 0 0[1]0 0 0 0 0 O[x x 1 x] size | Rn Rt |
L opcode

One register (opcode == 0111)

LDl { <Vt>.<T> }, [<Xn|SP>]
Two registers (opcode == 1010)

LDl { <Vt>.<T>, <Vt2>.<T> }, [<Xn|SP>]
Three registers (opcode == 0110)

LD1 { <Vt>.<T>, <Vt2>.<T>, <Vt3>.<T> }, [<Xn|SP>]

Four registers (opcode == 0010)

LD1 { <VEt>.<T>, <Vt2>.<T>, <Vt3>.<T>, <Vt4d>.<T> }, [<Xn|SP>]

integer t = UInt (Rt);
integer n = UInt (Rn);
integer m = integer UNKNOWN;
boolean wback = FALSE;

Post-index

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
loJQJo 0 1 1 0 0 1[1]0] Rm | x x 1 x| size | Rn Rt |
L opcode
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One register, immediate offset (Rm == 11111 && opcode == 0111)

LDl { <Vt>.<T> }, [<Xn|SP>], <imm>
One register, register offset (Rm != 11111 && opcode == 0111)

LDl { <Vt>.<T> }, [<Xn|SP>], <Xm>
Two registers, immediate offset (Rm == 11111 && opcode == 1010)

LDl { <Vt>.<T>, <Vt2>.<T> }, [<Xn]|SP>], <imm>
Two registers, register offset (Rm != 11111 && opcode == 1010)

LDl { <Vt>.<T>, <Vt2>.<T> }, [<Xn|SP>], <Xm>
Three registers, immediate offset (Rm == 11111 && opcode == 0110)

LD1 { <Vt>.<T>, <Vt2>.<T>, <Vt3>.<T> }, [<Xn|SP>], <imm>
Three registers, register offset (Rm != 11111 && opcode == 0110)

LDl { <Vt>.<T>, <Vt2>.<T>, <Vt3>.<T> }, [<Xn|SP>], <Xm>
Four registers, immediate offset (Rm == 11111 && opcode == 0010)

LDl { <Vt>.<T>, <Vt2>.<T>, <Vt3>.<T>, <Vt4>.<T> }, [<Xn|SP>], <imm>
Four registers, register offset (Rm != 11111 && opcode == 0010)

LD1 { <Vt>.<T>, <Vt2>.<T>, <Vt3>.<T>, <Vt4>.<T> }, [<Xn|SP>], <Xm>
integer t = UInt (Rt);
integer n = Ulnt (R
integer m = Ulnt (R
boolean wback = TRU

Assembler Symbols

<Vt> Is the name of the first or only SIMD&FP register to be transferred, encoded in the "Rt" field.
<T> Is an arrangement specifier, encoded in “size:Q”:

size Q <T>

00 0 8B

00 1 16B

01 0 4H

01 1 8H

10 0 25

10 1 45

11 0 1D

11 1 2D
<Vt2> Is the name of the second SIMD&FP register to be transferred, encoded as "Rt" plus 1 modulo 32.
<Vt3> Is the name of the third SIMD&FP register to be transferred, encoded as "Rt" plus 2 modulo 32.
<Vt4> Is the name of the fourth SIMD&FP register to be transferred, encoded as "Rt" plus 3 modulo 32.
<Xn|SP> Is the 64-bit name of the general-purpose base register or stack pointer, encoded in the "Rn" field.
<imm> For the one register, immediate offset variant: is the post-index immediate offset, encoded in “Q”:
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Q <imm>
0 #8
1 #16

For the two registers, immediate offset variant: is the post-index immediate offset, encoded in “Q”:

Q <imm>
0 #16
1 #32

For the three registers, immediate offset variant: is the post-index immediate offset, encoded in “Q”:

Q <imm>
0 #24
1 #48

For the four registers, immediate offset variant: is the post-index immediate offset, encoded in “Q”:

#32

Q <imm>
0
1 #64

<Xm> Is the 64-bit name of the general-purpose post-index register, excluding XZR, encoded in the "Rm" field.

Shared Decode

MemOp memop = if L == '1' then MemOp LOAD else MemOp STORE;
integer datasize = if Q == 'l' then 128 else 64;

integer esize = 8 << Ulnt(size);

integer elements = datasize DIV esize;

integer rpt; // number of iterations
integer selem; // structure elements

case opcode of

when '0000' rpt = 1; selem = 4; // LD/ST4 (4 registers)
when '0010' rpt = 4; selem = 1; // LD/ST1 (4 registers)
when '0100' rpt = 1; selem = 3; // LD/ST3 (3 registers)
when '0110' rpt = 3; selem = 1; // LD/ST1 (3 registers)
when '0111' rpt = 1; selem = 1; // LD/ST1 (1 register)
when '1000' rpt = 1; selem = 2; // LD/ST2 (2 registers)
when '1010' rpt = 2; selem = 1; // LD/ST1 (2 registers)
otherwise UnallocatedEncoding() ;

// .1D format only permitted with LD1 & ST1

if size:Q == '110' && selem != 1 then ReservedValue () ;
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Operation

CheckFPAdvSIMDEnabled64 () ;

bits (64) address;

bits(64) offs;

bits (datasize) rval;

integer e, r, s, tt;

constant integer ebytes = esize DIV 8;

if n == 31 then
CheckSPAlignment () ;
address = SP[];
else
address = X[n];

offs = Zeros();
for r = 0 to rpt-1
for e = 0 to elements-1
tt = (¢t + r) MOD 32;
for s = 0 to selem-1
rval = V[tt];
if memop == MemOp LOAD then
Elem([rval, e, esize] = Mem[address+offs, ebytes, faddress + offs, ebytes, AccType VEC];
v[itt] = rval;
else // memop == MemOp STORE
Mem[addresstoffs, ebytes, faddress+ offs;y ebytesy; AccType VEC] = Elem[rval, e, esize];
offs = offs + ebytes;
tt = (tt + 1) MOD 32;

if wback then
if m !'= 31 then
offs = X[m];
if n == 31 then
SP[] = address + offs;
else
X[n]

address + offs;
Operational information

If PSTATE.DIT is 1, the timing of this instruction is insensitive to the value of the data being loaded or stored.
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LD1 (single structure)

Load one single-element structure to one lane of one register. This instruction loads a single-element structure from memory and writes the result
to the specified lane of the SIMD&FP register without affecting the other bits of the register.

Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

It has encodings from 2 classes: No offset and Post-index

No offset

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
[o]Q]Jo 0 1 1 0 1 0o[]1]0]0 0 0 0 0[x x 0]S] size | Rn Rt |
L R opcode

8-bit (opcode == 000)

LDl { <Vt>.B }[<index>], [<Xn|SP>]
16-bit (opcode == 010 && size == x0)

LDl { <Vt>.H }[<index>], [<Xn|SP>]
32-bit (opcode == 100 && size == 00)

LDl { <Vt>.S }[<index>], [<Xn|SP>]
64-bit (opcode == 100 &8& S == 0 && size == 01)

LDl { <Vt>.D }[<index>], [<Xn]|SP>]

integer t = UInt (Rt);
integer n = UInt (Rn);
integer m = integer UNKNOWN;
boolean wback = FALSE;

Post-index

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
loJQJo 0 1 1 0 1 1[1]0] Rm | x x 0]S] size | Rn Rt |
L R opcode
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8-bit, immediate offset (Rm == 11111 && opcode == 000)
LDl { <Vt>.B }[<index>], [<Xn|SP>], #1
8-bit, register offset (Rm != 11111 && opcode == 000)
LDl { <Vt>.B }[<index>], [<Xn]|SP>], <Xm>
16-bit, immediate offset (Rm == 11111 && opcode == 010 && size == x0)
LDl { <Vt>.H }[<index>], [<Xn|SP>], #2
16-bit, register offset (Rm != 11111 && opcode == 010 && size == x0)
LD1 { <Vt>.H } [<index>], [<Xn|SP>], <Xm>
32-bit, immediate offset (Rm == 11111 && opcode == 100 && size == 00)
LDl { <Vt>.S }[<index>], [<Xn|SP>], #4
32-bit, register offset (Rm != 11111 && opcode == 100 && size == 00)
LDl { <Vt>.S }[<index>], [<Xn|SP>], <Xm>
64-bit, immediate offset (Rm == 11111 && opcode == 100 && S == 0 && size == 01)
LDl { <Vt>.D }[<index>], [<Xn|SP>], #8
64-bit, register offset (Rm != 11111 && opcode == 100 && S == 0 && size == 01)

LDl { <Vt>.D }[<index>], [<Xn]|SP>], <Xm>
integer t = UInt (Rt);
integer n = Ulnt (R
integer m = Ulnt (R
boolean wback = TRU

Assembler Symbols

<Vt> Is the name of the first or only SIMD&FP register to be transferred, encoded in the "Rt" field.

<index> For the 8-bit variant: is the element index, encoded in "Q:S:size".
For the 16-bit variant: is the element index, encoded in "Q:S:size<1>".
For the 32-bit variant: is the element index, encoded in "Q:S".

For the 64-bit variant: is the element index, encoded in "Q".

<Xn|SP> Is the 64-bit name of the general-purpose base register or stack pointer, encoded in the "Rn" field.

<Xm> Is the 64-bit name of the general-purpose post-index register, excluding XZR, encoded in the "Rm" field.
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Shared Decode

integer scale = Ulnt (opcode<2:1>);
integer selem = Ulnt (opcode<0>:R) + 1;
boolean replicate = FALSE;

integer index;

case scale of

when 3
// load and replicate
if == '0"' || == '1' then UnallocatedEncoding() ;

scale = Ulnt(size);
replicate = TRUE;

when 0
index = UInt(Q:S:size); // B[0-15]
when 1
if size<0> == 'l1l' then UnallocatedEncoding() ;
index = UInt(Q:S:size<l>); // H[0-T7]
when 2
if size<l> == 'l' then UnallocatedEncoding() ;
if size<0> == '0' then
index = UInt(Q:S); // S[0-3]
else
if S == '"1l' then UnallocatedEncoding() ;
index = UInt (Q); // D[0-1]
scale = 3;
MemOp memop = if L == 'l' then MemOp LOAD else MemOp STORE;
integer datasize = if Q == 'l' then 128 else 64;

integer esize = 8 << scale;
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Operation

CheckFPAdvSIMDEnabled64 () ;

bits(
bits(
bits(

64
64) offs;
128) rval;

) address;

bits(esize) element;

integer s;

constant integer ebytes = esize DIV 8;

if n == 31 then
CheckSPAlignment () ;

address = SP[];

else

address = X[n];

offs = Zeros();

if replicate then
// load and replicate to all elements
for s = 0 to selem-1

element = Mem[address+toffs, ebytes, ftaddress + offs, ebytes,; AccType VEC];
// replicate to fill 128- or 64-bit register

V[t] = Replicate(element,

offs =
t = (t
else

offs + ebytes;
+ 1) MOD 32;

datasize DIV esize);

// load/store one element per register
for s = 0 to selem-1

rval =

vitl;

if memop == MemOp LOAD then
// insert into one lane of 128-bit register
Elem[rval, index,

vit

] = rval;

esize] = Mem|[address+offs, ebytes, taddress + offs; ebytes, AccType VEC];

else // memop == MemOp STORE
// extract from one lane of 128-bit register
Mem [addresstoffs,

offs =
t = (t

if wback then
if m !'= 31
offs =
if n == 31
SP[] =

else
X[n]

Operational informati

offs + ebytes;
+ 1) MOD 32;

then

X[m];

then
address + offs;

address + offs;

on

ebytes, faddress + offs;, ebytes,; AccType VEC] = Elem[rval, index, esize];

If PSTATE.DIT is 1, the timing of this instruction is insensitive to the value of the data being loaded or stored.
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ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-aarch64.SP.read.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-aarch64.X.read.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.Zeros.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-aarch64.Mem.read.3
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#AccType_VEC
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-aarch64.V.write.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.Replicate.2
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-aarch64.V.read.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#MemOp_LOAD
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.Elem.write.3
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-aarch64.Mem.read.3
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#AccType_VEC
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-aarch64.V.write.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-aarch64.Mem.write.3
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#AccType_VEC
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.Elem.read.3
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-aarch64.X.read.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-aarch64.SP.write.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-aarch64.X.write.1
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LD1R

Load one single-element structure and Replicate to all lanes (of one register). This instruction loads a single-element structure from memory and
replicates the structure to all the lanes of the SIMD&FP register.

Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

It has encodings from 2 classes: No offset and Post-index

No offset

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

[o]Q]Jo 0 1 1 0 1 o[1]0oJ0 0 0 0 0[1 1 0]0] size | Rn Rt |
L R opcode S

No offset

LDIR { <Vt>.<T> }, [<Xn|SP>]

integer t UInt (Rt) ;
integer n UInt (Rn) ;
integer m = integer UNKNOWN;
boolean wback = FALSE;

Post-index

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
lolQlo 0 1 1 0 1 1]1]0] Rm |1 1 0]0] size | Rn Rt |
L R opcode S

Immediate offset (Rm == 11111)

LD1IR { <Vt>.<T> }, [<Xn|SP>], <imm>

Register offset (Rm != 11111)

ILDIR { <Vt>.<T> }, [<Xn|SP>], <Xm>

|
G
=
)
o

integer t = (Rt)
integer n = UInt (Rn)
integer m = UInt (Rm);
boolean wback = TRUE

Assembler Symbols

<Vt> Is the name of the first or only SIMD&FP register to be transferred, encoded in the "Rt" field.

<T> Is an arrangement specifier, encoded in “size:Q”:

size Q <T>

00 0 8B
00 1 16B
01 0 4H
01 1 8H
10 0 28
10 1 4s
11 0 1D
11 1 2D
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<Xn|SP> Is the 64-bit name of the general-purpose base register or stack pointer, encoded in the "Rn" field.

<imm> Is the post-index immediate offset, encoded in “size”:
size <imm>
00 #1
01 #2
10 #4
11 #8
<Xm> Is the 64-bit name of the general-purpose post-index register, excluding XZR, encoded in the "Rm" field.

Shared Decode

integer scale = Ulnt (opcode<2:1>);
integer selem = Ulnt (opcode<0>:R) + 1;
boolean replicate = FALSE;

integer index;

case scale of

when 3
// load and replicate
if == '0' || S == 'l' then UnallocatedEncoding() ;

scale = Ulnt (size);
replicate = TRUE;

when 0
index = UInt(Q:S:size); // B[0-15]
when 1
if size<0> == 'l1l' then UnallocatedEncoding() ;
index = UInt (Q:S:size<l1l>); // H[0-7]
when 2
if size<l> == 'l1l' then UnallocatedEncoding() ;
if size<0> == '0' then
index = UInt(Q:S); // S[0-3]
else
if S == '1' then UnallocatedEncoding();
index = UInt(Q); // D[0-1]
scale = 3;
MemOp memop = if L == '1l' then MemOp LOAD else MemOp STORE;
integer datasize = if Q == 'l' then 128 else 64;
integer esize = 8 << scale;
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Operation

CheckFPAdvSIMDEnabled64 () ;

bits(
bits(
bits(

64
64) offs;
128) rval;

) address;

bits(esize) element;

integer s;

constant integer ebytes = esize DIV 8;

if n == 31 then
CheckSPAlignment () ;

address = SP[];

else

address = X[n];

offs = Zeros();

if replicate then
// load and replicate to all elements
for s = 0 to selem-1

element = Mem[address+toffs, ebytes, ftaddress + offs, ebytes,; AccType VEC];
// replicate to fill 128- or 64-bit register

V[t] = Replicate(element,

offs =
t = (t
else

offs + ebytes;
+ 1) MOD 32;

datasize DIV esize);

// load/store one element per register
for s = 0 to selem-1

rval =

vitl;

if memop == MemOp LOAD then
// insert into one lane of 128-bit register
Elem[rval, index,

Vit

] = rval;

esize] = Mem|[address+offs, ebytes, taddress + offs; ebytes, AccType VEC];

else // memop == MemOp STORE
// extract from one lane of 128-bit register
Mem [addresstoffs,

offs =
t = (t

if wback then
if m !'= 31
offs =
if n == 31
SP[] =

else
X[n]

Operational informati

offs + ebytes;
+ 1) MOD 32;

then

X[m];

then
address + offs;

address + offs;

on

ebytes, faddress + offs;, ebytes,; AccType VEC] = Elem[rval, index, esize];

If PSTATE.DIT is 1, the timing of this instruction is insensitive to the value of the data being loaded or stored.
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LD2 (multiple structures)

Load multiple 2-element structures to two registers. This instruction loads multiple 2-element structures from memory and writes the result to the
two SIMD&FP registers, with de-interleaving.

For an example of de-interleaving, see LD3 (multiple structures).

Depending on the settings in the CPACR_ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

It has encodings from 2 classes: No offset and Post-index

No offset

31 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
loJQJo 0 1 1 0 0 0o[1]/0 0 0 0 0 0[1 0 0 O] size | Rn Rt |
L opcode

No offset

LD2 { <Vt>.<T>, <Vt2>.<T> }, [<Xn|SP>]

integer t = Ulnt (Rt);
integer n UInt (Rn) ;
integer m integer UNKNOWN;
boolean wback = FALSE;

Post-index

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
loJQJo 0o 1 1 0 0 1]1]0] Rm [1 0 0 0] size | Rn Rt |
L opcode

Immediate offset (Rm == 11111)

LD2 { <Vt>.<T>, <Vt2>.<T> }, [<Xn|SP>], <imm>

Register offset (Rm != 11111)

LD2 { <Vt>.<T>, <Vt2>.<T> }, [<Xn|SP>], <Xm>

integer t = UInt (Rt);
integer n = UInt (Rn);
integer m = UInt (Rm);
boolean wback = TRUE;

Assembler Symbols

<Vt> Is the name of the first or only SIMD&FP register to be transferred, encoded in the "Rt" field.

<T> Is an arrangement specifier, encoded in “size:Q”:
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size Q <T>

00 0 8B

00 1 16B

01 0 4H

01 1 8H

10 0 28

10 1 45

11 0 RESERVED

11 1 2D
<Vit2> Is the name of the second SIMD&FP register to be transferred, encoded as "Rt" plus 1 modulo 32.
<Xn|SP> Is the 64-bit name of the general-purpose base register or stack pointer, encoded in the "Rn" field.
<imm> Is the post-index immediate offset, encoded in “Q”:

Q <imm>

0 #16

1 #32
<Xm> Is the 64-bit name of the general-purpose post-index register, excluding XZR, encoded in the "Rm" field.

Shared Decode

MemOp memop = if L == '1l' then MemOp LOAD else MemOp STORE;
integer datasize = if Q == 'l' then 128 else 64;

integer esize = 8 << Ulnt(size);

integer elements = datasize DIV esize;

integer rpt; // number of iterations

integer selem; // structure elements

case opcode of

when '0000' rpt = 1; selem = 4; // LD/ST4 (4 registers)
when '0010' rpt = 4; selem = 1; // LD/ST1 (4 registers)
when '0100' rpt = 1; selem = 3; // LD/ST3 (3 registers)
when '0110' rpt = 3; selem = 1; // LD/ST1 (3 registers)
when '0111' rpt = 1; selem = 1; // LD/ST1 (1 register)
when '1000' rpt = 1; selem = 2; // LD/ST2 (2 registers)
when '1010' rpt = 2; selem = 1; // LD/ST1 (2 registers)
otherwise UnallocatedEncoding() ;

// .1D format only permitted with LD1 & ST1

if size:Q == '110' && selem != 1 then ReservedValue () ;
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Operation

CheckFPAdvSIMDEnabled64 () ;

bits (64) address;

bits(64) offs;

bits (datasize) rval;

integer e, r, s, tt;

constant integer ebytes = esize DIV 8;

if n == 31 then
CheckSPAlignment () ;
address = SP[];
else
address = X[n];

offs = Zeros();
for r = 0 to rpt-1
for e = 0 to elements-1
tt = (¢t + r) MOD 32;
for s = 0 to selem-1
rval = V[tt];
if memop == MemOp LOAD then
Elem([rval, e, esize] = Mem[address+offs, ebytes, faddress + offs, ebytes, AccType VEC];
v[itt] = rval;
else // memop == MemOp STORE
Mem[addresstoffs, ebytes, faddress+ offs;y ebytesy; AccType VEC] = Elem[rval, e, esize];
offs = offs + ebytes;
tt = (tt + 1) MOD 32;

if wback then
if m !'= 31 then
offs = X[m];
if n == 31 then
SP[] = address + offs;
else
X[n]

address + offs;
Operational information

If PSTATE.DIT is 1, the timing of this instruction is insensitive to the value of the data being loaded or stored.
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LD2 (single structure)

Load single 2-clement structure to one lane of two registers. This instruction loads a 2-element structure from memory and writes the result to
the corresponding elements of the two SIMD&FP registers without affecting the other bits of the registers.

Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

It has encodings from 2 classes: No offset and Post-index

No offset

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

[o]Q]Jo 0 1 1 0 1 0[1]1]0 0 0 0 0[x x 0]S] size | Rn Rt |
L R opcode

8-bit (opcode == 000)

LD2 { <Vt>.B, <Vt2>.B }[<index>], [<Xn|SP>]
16-bit (opcode == 010 && size == x0)

LD2 { <Vt>.H, <Vt2>.H }[<index>], [<Xn|SP>]
32-bit (opcode == 100 && size == 00)

LD2 { <Vt>.S, <Vt2>.S }[<index>], [<Xn|SP>]
64-bit (opcode == 100 &8& S == 0 && size == 01)

LD2 { <Vt>.D, <Vt2>.D }[<index>], [<Xn|SP>]

integer t = UInt (Rt);
integer n = UInt (Rn);
integer m = integer UNKNOWN;
boolean wback = FALSE;

Post-index

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
loJQJo 0 1 1 0 1 1[1[1] Rm | x x 0]S] size | Rn Rt |
L R opcode
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8-bit, immediate offset (Rm == 11111 && opcode == 000)
LD2 { <Vt>.B, <Vt2>.B }[<index>], [<Xn|SP>], #2
8-bit, register offset (Rm != 11111 && opcode == 000)
LD2 { <Vt>.B, <Vt2>.B }[<index>], [<Xn|SP>], <Xm>
16-bit, immediate offset (Rm == 11111 && opcode == 010 && size == x0)
LD2 { <Vt>.H, <Vt2>.H }[<index>], [<Xn|SP>], #4
16-bit, register offset (Rm != 11111 && opcode == 010 && size == x0)
LD2 { <Vt>.H, <Vt2>.H }[<index>], [<Xn|SP>], <Xm>
32-bit, immediate offset (Rm == 11111 && opcode == 100 && size == 00)
LD2 { <Vt>.S, <Vt2>.S }[<index>], [<Xn|SP>], #8
32-bit, register offset (Rm != 11111 && opcode == 100 && size == 00)
LD2 { <Vt>.S, <Vt2>.S }[<index>], [<Xn|SP>], <Xm>
64-bit, immediate offset (Rm == 11111 && opcode == 100 && S == 0 && size == 01)
LD2 { <Vt>.D, <Vt2>.D }[<index>], [<Xn|SP>], #16
64-bit, register offset (Rm != 11111 && opcode == 100 && S == 0 && size == 01)

LD2 { <Vt>.D, <Vt2>.D }[<index>], [<Xn|SP>], <Xm>
integer t = UInt (Rt);
integer n = Ulnt (R
integer m = Ulnt (R
boolean wback = TRU

Assembler Symbols

<Vt> Is the name of the first or only SIMD&FP register to be transferred, encoded in the "Rt" field.
<Vt2> Is the name of the second SIMD&FP register to be transferred, encoded as "Rt" plus 1 modulo 32.
<index> For the 8-bit variant: is the element index, encoded in "Q:S:size".

For the 16-bit variant: is the element index, encoded in "Q:S:size<1>".
For the 32-bit variant: is the element index, encoded in "Q:S".
For the 64-bit variant: is the element index, encoded in "Q".
<Xn|SP> Is the 64-bit name of the general-purpose base register or stack pointer, encoded in the "Rn" field.

<Xm> Is the 64-bit name of the general-purpose post-index register, excluding XZR, encoded in the "Rm" field.
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Shared Decode

integer scale = Ulnt (opcode<2:1>);
integer selem = Ulnt (opcode<0>:R) + 1;
boolean replicate = FALSE;

integer index;

case scale of

when 3
// load and replicate
if == '0"' || == '1' then UnallocatedEncoding() ;

scale = Ulnt(size);
replicate = TRUE;

when 0
index = UInt(Q:S:size); // B[0-15]
when 1
if size<0> == 'l1l' then UnallocatedEncoding() ;
index = UInt(Q:S:size<l>); // H[0-T7]
when 2
if size<l> == 'l' then UnallocatedEncoding() ;
if size<0> == '0' then
index = UInt(Q:S); // S[0-3]
else
if S == '"1l' then UnallocatedEncoding() ;
index = UInt (Q); // D[0-1]
scale = 3;
MemOp memop = if L == 'l' then MemOp LOAD else MemOp STORE;
integer datasize = if Q == 'l' then 128 else 64;

integer esize = 8 << scale;
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Operation

CheckFPAdvSIMDEnabled64 () ;

bits(
bits(
bits(

64
64) offs;
128) rval;

) address;

bits(esize) element;

integer s;

constant integer ebytes = esize DIV 8;

if n == 31 then
CheckSPAlignment () ;

address = SP[];

else

address = X[n];

offs = Zeros();

if replicate then
// load and replicate to all elements
for s = 0 to selem-1

element = Mem[address+toffs, ebytes, ftaddress + offs, ebytes,; AccType VEC];
// replicate to fill 128- or 64-bit register

V[t] = Replicate(element,

offs =
t = (t
else

offs + ebytes;
+ 1) MOD 32;

datasize DIV esize);

// load/store one element per register
for s = 0 to selem-1

rval =

vitl;

if memop == MemOp LOAD then
// insert into one lane of 128-bit register
Elem[rval, index,

vit

] = rval;

esize] = Mem|[address+offs, ebytes, taddress + offs; ebytes, AccType VEC];

else // memop == MemOp STORE
// extract from one lane of 128-bit register
Mem [addresstoffs,

offs =
t = (t

if wback then
if m !'= 31
offs =
if n == 31
SP[] =

else
X[n]

Operational informati

offs + ebytes;
+ 1) MOD 32;

then

X[m];

then
address + offs;

address + offs;

on

ebytes, faddress + offs;, ebytes,; AccType VEC] = Elem[rval, index, esize];

If PSTATE.DIT is 1, the timing of this instruction is insensitive to the value of the data being loaded or stored.
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LD2R

Load single 2-element structure and Replicate to all lanes of two registers. This instruction loads a 2-element structure from memory and
replicates the structure to all the lanes of the two SIMD&FP registers.

Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

It has encodings from 2 classes: No offset and Post-index

No offset

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

[o]Q]Jo 0 1 1 0 1 o[1]1]0 0 0 0 0[1 1 0]0] size | Rn Rt |
L R opcode S

No offset

LD2R { <Vt>.<T>, <Vt2>.<T> }, [<Xn|SP>]

integer t UInt (Rt) ;
integer n UInt (Rn) ;
integer m = integer UNKNOWN;
boolean wback = FALSE;

Post-index

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
loJQJo 0 1 1 0 1 1[1[1] Rm |1 1 0]o0] size | Rn Rt |
L R opcode S

Immediate offset (Rm == 11111)

LD2R { <Vt>.<T>, <Vt2>.<T> }, [<Xn|SP>], <imm>

Register offset (Rm != 11111)

LD2R { <Vt>.<T>, <Vt2>.<T> }, [<Xn|SP>], <Xm>

|
a
=
5
=

integer t = (Rt)
integer n = UInt (Rn)
integer m = UInt (Rm);
boolean wback = TRUE

Assembler Symbols

<Vt> Is the name of the first or only SIMD&FP register to be transferred, encoded in the "Rt" field.

<T> Is an arrangement specifier, encoded in “size:Q”:

size Q <T>

00 0 8B
00 1 16B
01 0 4H
01 1 8H
10 0 28
10 1 4s
11 0 1D
11 1 2D
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<Vt2> Is the name of the second SIMD&FP register to be transferred, encoded as "Rt" plus 1 modulo 32.

<Xn|SP> Is the 64-bit name of the general-purpose base register or stack pointer, encoded in the "Rn" field.
<imm> Is the post-index immediate offset, encoded in “size”:

size <imm>

00 #2

01 #4

10 #8

11 #16
<Xm> Is the 64-bit name of the general-purpose post-index register, excluding XZR, encoded in the "Rm" field.

Shared Decode

integer scale = Ulnt (opcode<2:1>);
integer selem = Ulnt (opcode<0>:R) + 1;
boolean replicate = FALSE;

integer index;

case scale of

when 3
// load and replicate
if L == '0" || == '1' then UnallocatedEncoding() ;

scale = Ulnt (size);
replicate = TRUE;

when 0
index = UInt(Q:S:size); // B[0-15]
when 1
if size<0> == '1l' then UnallocatedEncoding() ;
index = UInt (Q:S:size<l>); // H[0-T7]
when 2
if size<l> == 'l1l' then UnallocatedEncoding() ;
if size<0> == '0' then
index = UInt(Q:S); // S[0-3]
else
if S == '1' then UnallocatedEncoding() ;
index = UInt (Q); // D[0-1]
scale = 3;
MemOp memop = if L == '1l' then MemOp LOAD else MemOp STORE;
integer datasize = if Q == 'l' then 128 else 64;
integer esize = 8 << scale;

LD2R

Page 310


ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UnallocatedEncoding.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UnallocatedEncoding.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UnallocatedEncoding.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UnallocatedEncoding.0
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#impl-shared.UInt.1
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#MemOp
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#MemOp_LOAD
ISA_v84A_A64_xml_00bet7_OPT/from-ISA_v84A_A64_xml_00bet7/shared_pseudocode.html#MemOp_STORE

Operation

CheckFPAdvSIMDEnabled64 () ;

bits(
bits(
bits(

64
64) offs;
128) rval;

) address;

bits(esize) element;

integer s;

constant integer ebytes = esize DIV 8;

if n == 31 then
CheckSPAlignment () ;

address = SP[];

else

address = X[n];

offs = Zeros();

if replicate then
// load and replicate to all elements
for s = 0 to selem-1

element = Mem[address+toffs, ebytes, ftaddress + offs, ebytes,; AccType VEC];
// replicate to fill 128- or 64-bit register

V[t] = Replicate(element,

offs =
t = (t
else

offs + ebytes;
+ 1) MOD 32;

datasize DIV esize);

// load/store one element per register
for s = 0 to selem-1

rval =

vitl;

if memop == MemOp LOAD then
// insert into one lane of 128-bit register
Elem[rval, index,

Vit

] = rval;

esize] = Mem|[address+offs, ebytes, taddress + offs; ebytes, AccType VEC];

else // memop == MemOp STORE
// extract from one lane of 128-bit register
Mem [addresstoffs,

offs =
t = (t

if wback then
if m !'= 31
offs =
if n == 31
SP[] =

else
X[n]

Operational informati

offs + ebytes;
+ 1) MOD 32;

then

X[m];

then
address + offs;

address + offs;

on

ebytes, faddress + offs;, ebytes,; AccType VEC] = Elem[rval, index, esize];

If PSTATE.DIT is 1, the timing of this instruction is insensitive to the value of the data being loaded or stored.
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LD3 (multiple structures)

(new)
ISA v84A A64 xml 00bet7 OPT

Load multiple 3-element structures to three registers. This instruction loads multiple 3-element structures from memory and writes the result to

the three SIMD&FP registers, with de-interleaving.

The following figure shows an example of the operation of de-interleaving of a LD3.16 (multiple 3-element structures) instruction:.

Memory

Ais a packed array
3-element structureg
Each elementis a 1
halfword.
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Registers

Depending on the settings in the CPACR _ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an

attempt to execute the instruction might be trapped.

It has encodings from 2 classes: No offset and Post-index

No offset

31 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

lo/Q[o 0 11 0 0 0/[1/0 0 0 0 0 0[O0 1 0 O size | Rn Rt |
L opcode
No offset
LD3 { <Vt>.<T>, <Vt2>.<T>, <Vt3>.<T> }, [<Xn|SP>]
integer t = UInt (Rt);
integer n = UInt (Rn);
integer m = integer UNKNOWN;
boolean wback = FALSE;
Post-index

31 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

[o]@]o 0 1 1 0 0 1[1]0] Rm [0 1

0 0] size |

Rn

L opcode

Immediate offset (Rm == 11111)

LD3 { <Vt>.<T>, <Vt2>.<T>, <Vt3>.<T> }, [<Xn|SP>], <imm>

Register offset (Rm !=11111)

LD3 { <Vt>.<T>, <Vt2>.<T>, <Vt3>.<T> }, [<Xn|SP>], <Xm>

integer t = UInt/( 5
integer n UInt (
integer m UInt (

T

boolean wback

Rt)
Rn) ;
Rm) ;
RUE

’
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Assembler Symbols

<Vt>

<T>

<Vi2>
<Vt3>
<Xn|SP>

<imm>

<Xm>

Is the name of the first or only SIMD&FP register to be transferred, encoded in the "Rt" field.

Is an arrangement specifier, encoded in “size:Q”:

size Q <T>

00 0 8B

00 1 16B

01 0 4H

01 1 8H

10 0 25

10 1 4S

11 0 RESERVED
11 1 2D

Is the name of the second SIMD&FP register to be transferred, encoded as "Rt" plus 1 modulo 32.
Is the name of the third SIMD&FP register to be transferred, encoded as "Rt" plus 2 modulo 32.

Is the 64-bit name of the general-purpose base register or stack pointer, encoded in the "Rn" field.

Is the post-index immediate offset, encoded in “Q”:

Q <imm>
0 #24
1 #48

Is the 64-bit name of the general-purpose post-index register, excluding XZR, encoded in the "Rm" field.

Shared Decode

MemOp me
integer
integer
integer

integer
integer

case opc
when
when
when
when
when
when
when
othe

// .1D f
if size:

mop = if L == '1' then MemOp LOAD else MemOp STORE;
datasize = if Q == 'l' then 128 else 64;
esize = 8 << Ulnt(size);

elements = datasize DIV esize;

rpt; // number of iterations

selem; // structure elements

ode of
'0000" rpt = 1; selem = 4; // LD/ST4 (4 registers)
'0010" rpt = 4; selem = 1; // LD/ST1 (4 registers)
'0100' rpt = 1; selem = 3; // LD/ST3 (3 registers)
'0110' rpt = 3; selem = 1; // LD/ST1 (3 registers)
'0111' rpt = 1; selem = 1; // LD/ST1 (1 register)
'1000" rpt = 1; selem = 2; // LD/ST2 (2 registers)
'1010' rpt = 2; selem = 1; // LD/ST1 (2 registers)

rwise UnallocatedEncoding() ;

ormat only permitted with LDl & ST1

Q == "110' && selem != 1 then ReservedValue () :;

LD3 (multiple structures)
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Operation

CheckFPAdvSIMDEnabled64 () ;

bits (64) address;

bits(64) offs;

bits (datasize) rval;

integer e, r, s, tt;

constant integer ebytes = esize DIV 8;

if n == 31 then
CheckSPAlignment () ;
address = SP[];
else
address = X[n];

offs = Zeros();
for r = 0 to rpt-1
for e = 0 to elements-1
tt = (¢t + r) MOD 32;
for s = 0 to selem-1
rval = V[tt];
if memop == MemOp LOAD then
Elem([rval, e, esize] = Mem[address+offs, ebytes, faddress + offs, ebytes, AccType VEC];
v[itt] = rval;
else // memop == MemOp STORE
Mem[addresstoffs, ebytes, faddress+ offs;y ebytesy; AccType VEC] = Elem[rval, e, esize];
offs = offs + ebytes;
tt = (tt + 1) MOD 32;

if wback then
if m !'= 31 then
offs = X[m];
if n == 31 then
SP[] = address + offs;
else
X[n]

address + offs;
Operational information

If PSTATE.DIT is 1, the timing of this instruction is insensitive to the value of the data being loaded or stored.
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LD3 (single structure)

Load single 3-clement structure to one lane of three registers). This instruction loads a 3-element structure from memory and writes the result to
the corresponding elements of the three SIMD&FP registers without affecting the other bits of the registers.

Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

It has encodings from 2 classes: No offset and Post-index

No offset

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
[o]Q]Jo 0 1 1 0 1 0o[]1]0J0 0 0 0 0[x x 1][S] size | Rn Rt |
L R opcode

8-bit (opcode == 001)

LD3 { <Vt>.B, <Vt2>.B, <Vt3>.B }[<index>], [<Xn|SP>]
16-bit (opcode == 011 && size == x0)

LD3 { <Vt>.H, <Vt2>.H, <Vt3>.H }[<index>], [<Xn|SP>]
32-bit (opcode == 101 && size == 00)

LD3 { <Vt>.S, <Vt2>.S, <Vt3>.S }[<index>], [<Xn|SP>]
64-bit (opcode == 101 && S == 0 && size == 01)

LD3 { <Vt>.D, <Vt2>.D, <Vt3>.D } [<index>], [<Xn|SP>]

integer t = UInt (Rt);
integer n = UInt (Rn);
integer m = integer UNKNOWN;
boolean wback = FALSE;

Post-index

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
loJQJo 0 1 1 0 1 1[1]0] Rm | x x 1]8] size | Rn Rt |
L R opcode
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8-bit, immediate offset (Rm == 11111 && opcode == 001)

LD3 { <Vt>.B, <Vt2>.B, <Vt3>.B }[<index>], [<Xn|SP>], #3
8-bit, register offset (Rm != 11111 && opcode == 001)

LD3 { <Vt>.B, <Vt2>.B, <Vt3>.B } [<index>], [<Xn|SP>], <Xm>
16-bit, immediate offset (Rm == 11111 && opcode == 011 && size == x0)

LD3 { <Vt>.H, <Vt2>.H, <Vt3>.H }[<index>], [<Xn|SP>], #6
16-bit, register offset (Rm != 11111 && opcode == 011 && size == x0)

LD3 { <Vt>.H, <Vt2>.H, <Vt3>.H }[<index>], [<Xn|SP>], <Xm>
32-bit, immediate offset (Rm == 11111 && opcode == 101 && size == 00)

LD3 { <Vt>.S, <Vt2>.S, <Vt3>.S }[<index>], [<Xn|SP>], #12
32-bit, register offset (Rm != 11111 && opcode == 101 && size == 00)

LD3 { <Vt>.S, <Vt2>.S, <Vt3>.S }[<index>], [<Xn|SP>], <Xm>
64-bit, immediate offset (Rm == 11111 && opcode == 101 && S == 0 && size == 01)

LD3 { <Vt>.D, <Vt2>.D, <Vt3>.D }[<index>], [<Xn|SP>], #24

64-bit, register offset (Rm != 11111 && opcode == 101 && S == 0 && size == 01)

LD3 { <Vt>.D, <Vt2>.D, <Vt3>.D } [<index>], [<Xn|SP>],
integer t = UInt (Rt);
integer n = Ulnt (R
integer m = Ulnt (R
boolean wback = TRU

Assembler Symbols

<Xm>

<Vt> Is the name of the first or only SIMD&FP register to be transferred, encoded in the "Rt" field.
<Vt2> Is the name of the second SIMD&FP register to be transferred, encoded as "Rt" plus 1 modulo 32.
<Vt3> Is the name of the third SIMD&FP register to be transferred, encoded as "Rt" plus 2 modulo 32.
<index> For the 8-bit variant: is the element index, encoded in "Q:S:size".
For the 16-bit variant: is the element index, encoded in "Q:S:size<1>".
For the 32-bit variant: is the element index, encoded in "Q:S".
For the 64-bit variant: is the element index, encoded in "Q".
<Xn|SP> Is the 64-bit name of the general-purpose base register or stack pointer, encoded in the "Rn" field.
<Xm> Is the 64-bit name of the general-purpose post-index register, excluding XZR, encoded in the "Rm" field.
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Shared Decode

integer scale = Ulnt (opcode<2:1>);
integer selem = Ulnt (opcode<0>:R) + 1;
boolean replicate = FALSE;

integer index;

case scale of

when 3
// load and replicate
if == '0"' || == '1' then UnallocatedEncoding() ;

scale = Ulnt(size);
replicate = TRUE;

when 0
index = UInt(Q:S:size); // B[0-15]
when 1
if size<0> == 'l1l' then UnallocatedEncoding() ;
index = UInt(Q:S:size<l>); // H[0-T7]
when 2
if size<l> == 'l' then UnallocatedEncoding() ;
if size<0> == '0' then
index = UInt(Q:S); // S[0-3]
else
if S == '"1l' then UnallocatedEncoding() ;
index = UInt (Q); // D[0-1]
scale = 3;
MemOp memop = if L == 'l' then MemOp LOAD else MemOp STORE;
integer datasize = if Q == 'l' then 128 else 64;

integer esize = 8 << scale;
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Operation

CheckFPAdvSIMDEnabled64 () ;

bits(
bits(
bits(

64
64) offs;
128) rval;

) address;

bits(esize) element;

integer s;

constant integer ebytes = esize DIV 8;

if n == 31 then
CheckSPAlignment () ;

address = SP[];

else

address = X[n];

offs = Zeros();

if replicate then
// load and replicate to all elements
for s = 0 to selem-1

element = Mem[address+toffs, ebytes, ftaddress + offs, ebytes,; AccType VEC];
// replicate to fill 128- or 64-bit register

V[t] = Replicate(element,

offs =
t = (t
else

offs + ebytes;
+ 1) MOD 32;

datasize DIV esize);

// load/store one element per register
for s = 0 to selem-1

rval =

vitl;

if memop == MemOp LOAD then
// insert into one lane of 128-bit register
Elem[rval, index,

vit

] = rval;

esize] = Mem|[address+offs, ebytes, taddress + offs; ebytes, AccType VEC];

else // memop == MemOp STORE
// extract from one lane of 128-bit register
Mem [addresstoffs,

offs =
t = (t

if wback then
if m !'= 31
offs =
if n == 31
SP[] =

else
X[n]

Operational informati

offs + ebytes;
+ 1) MOD 32;

then

X[m];

then
address + offs;

address + offs;

on

ebytes, faddress + offs;, ebytes,; AccType VEC] = Elem[rval, index, esize];

If PSTATE.DIT is 1, the timing of this instruction is insensitive to the value of the data being loaded or stored.
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LD3R

Load single 3-element structure and Replicate to all lanes of three registers. This instruction loads a 3-element structure from memory and
replicates the structure to all the lanes of the three SIMD&FP registers.

Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

It has encodings from 2 classes: No offset and Post-index

No offset

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

[o]Q]Jo 0 1 1 0 1 o[1]0oJ0 0 0 0 0[1 1 1]0] size | Rn Rt |
L R opcode S

No offset

LD3R { <Vt>.<T>, <Vt2>.<T>, <Vt3>.<T> }, [<Xn|SP>]

integer t UInt (Rt) ;
integer n UInt (Rn) ;
integer m = integer UNKNOWN;
boolean wback = FALSE;

Post-index

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
loJQJo 0 1 1 0 1 1[1]0] Rm |1 1 1]0] size | Rn Rt |
L R opcode S

Immediate offset (Rm == 11111)

LD3R { <Vt>.<T>, <Vt2>.<T>, <Vt3>.<T> }, [<Xn]|SP>], <imm>

Register offset (Rm != 11111)

LD3R { <Vt>.<T>, <Vt2>.<T>, <Vt3>.<T> }, [<Xn|SP>], <Xm>

integer t = UInt (Rt);
integer n = UInt (Rn);
integer m = UInt (Rm);
boolean wback = TRUE;
Assembler Symbols
<Vt> Is the name of the first or only SIMD&FP register to be transferred, encoded in the "Rt" field.
<T> Is an arrangement specifier, encoded in “size:Q”:
size Q <T>
00 0 8B
00 1 16B
01 0 4H
01 1 8H
10 0 25
10 1 43
11 0 1D
11 1 2D
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<Vt2>
<Vt3>
<Xn|SP>

<imm>

<Xm>

Is the name of the second SIMD&FP register to be transferred, encoded as "Rt" plus 1 modulo 32.
Is the name of the third SIMD&FP register to be transferred, encoded as "Rt" plus 2 modulo 32.

Is the 64-bit name of the general-purpose base register or stack pointer, encoded in the "Rn" field.

Is the post-index immediate offset, encoded in “size”:

size <imm>
00 #3
01 #6
10 #12
11 #24

Is the 64-bit name of the general-purpose post-index register, excluding XZR, encoded in the "Rm" field.

Shared Decode

integer
integer
boolean
integer

scale = Ulnt (opcode<2:1>);
selem = UInt (opcode<0>:R) + 1;
replicate = FALSE;

index;

case scale of
when 3

// load and replicate

if == '0' || S == 'l' then UnallocatedEncoding() ;
scale = UlInt(size):;

replicate = TRUE;

when 0
index = UInt(Q:S:size); // B[0-15]
when 1
if size<0> == 'l1l' then UnallocatedEncoding() ;
index = UInt (Q:S:size<l1l>); // H[0-7]
when 2
if size<l> == 'l' then UnallocatedEncoding() ;
if size<0> == '0' then
index = UInt (Q:S); // S[0-3]
else
if S == '1' then UnallocatedEncoding();
index = UInt(Q); // D[0-1]
scale = 3;
MemOp memop = if L == '1l' then MemOp LOAD else MemOp STORE;
integer datasize = if Q == 'l' then 128 else 64;
integer esize = 8 << scale;
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Operation

CheckFPAdvSIMDEnabled64 () ;

bits(
bits(
bits(

64
64) offs;
128) rval;

) address;

bits(esize) element;

integer s;

constant integer ebytes = esize DIV 8;

if n == 31 then
CheckSPAlignment () ;

address = SP[];

else

address = X[n];

offs = Zeros();

if replicate then
// load and replicate to all elements
for s = 0 to selem-1

element = Mem[address+toffs, ebytes, ftaddress + offs, ebytes,; AccType VEC];
// replicate to fill 128- or 64-bit register

V[t] = Replicate(element,

offs =
t = (t
else

offs + ebytes;
+ 1) MOD 32;

datasize DIV esize);

// load/store one element per register
for s = 0 to selem-1

rval =

vitl;

if memop == MemOp LOAD then
// insert into one lane of 128-bit register
Elem[rval, index,

Vit

] = rval;

esize] = Mem|[address+offs, ebytes, taddress + offs; ebytes, AccType VEC];

else // memop == MemOp STORE
// extract from one lane of 128-bit register
Mem [addresstoffs,

offs =
t = (t

if wback then
if m !'= 31
offs =
if n == 31
SP[] =

else
X[n]

Operational informati

offs + ebytes;
+ 1) MOD 32;

then

X[m];

then
address + offs;

address + offs;

on

ebytes, faddress + offs;, ebytes,; AccType VEC] = Elem[rval, index, esize];

If PSTATE.DIT is 1, the timing of this instruction is insensitive to the value of the data being loaded or stored.
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LD4 (multiple structures)

Load multiple 4-element structures to four registers. This instruction loads multiple 4-element structures from memory and writes the result to
the four SIMD&FP registers, with de-interleaving.

For an example of de-interleaving, see LD3 (multiple structures).

Depending on the settings in the CPACR_ELI, CPTR EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

It has encodings from 2 classes: No offset and Post-index

No offset

31 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
loJQJo 0 1 1 0 0 0[1]/0 0 0 0 0 0[O0 O 0O O] size | Rn Rt |
L opcode

No offset

LD4 { <Vt>.<T>, <Vt2>.<T>, <Vt3>.<T>, <Vt4>.<T> }, [<Xn|SP>]

integer t = Ulnt (Rt);
integer n UInt (Rn) ;
integer m integer UNKNOWN;
boolean wback = FALSE;

Post-index

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
loJQJo 0o 1 1 0 0 1]1]0] Rm [0 0 0 0] size | Rn Rt |
L opcode

Immediate offset (Rm == 11111)

LD4 { <Vt>.<T>, <Vt2>.<T>, <Vt3>.<T>, <Vt4d>.<T> }, [<Xn|SP>], <imm>

Register offset (Rm != 11111)

LD4 { <Vt>.<T>, <Vt2>.<T>, <Vt3>.<T>, <Vt4>.<T> }, [<Xn|SP>], <Xm>

integer t = UInt (Rt);
integer n = UInt (Rn);
integer m = UInt (Rm);
boolean wback = TRUE;

Assembler Symbols

<Vt> Is the name of the first or only SIMD&FP register to be transferred, encoded in the "Rt" field.

<T> Is an arrangement specifier, encoded in “size:Q”:
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size Q <T>
00 0 8B
00 1 16B
01 0 4H
01 1 8H
10 0 28
10 1 45
11 0 RESERVED
11 1 2D
<Vit2> Is the name of the second SIMD&FP register to be transferred, encoded as "Rt" plus 1 modulo 32.
<Vit3> Is the name of the third SIMD&FP register to be transferred, encoded as "Rt" plus 2 modulo 32.
<Vt4> Is the name of the fourth SIMD&FP register to be transferred, encoded as "Rt" plus 3 modulo 32.
<Xn|SP> Is the 64-bit name of the general-purpose base register or stack pointer, encoded in the "Rn" field.
<imm> Is the post-index immediate offset, encoded in “Q”:
Q <imm>
0 #32
1 #64
<Xm> Is the 64-bit name of the general-purpose post-index register, excluding XZR, encoded in the "Rm" field.
Shared Decode
MemOp memop = if L == '1l' then MemOp LOAD else MemOp STORE;
integer datasize = if == '1"'" then 128 else 64;
integer esize = 8 << Ulnt(size);
integer elements = datasize DIV esize;
integer rpt; // number of iterations
integer selem; // structure elements

case opcode of

when '0000' rpt = 1; selem = 4; // LD/ST4 (4 registers)
when '0010' rpt = 4; selem = 1; // LD/ST1 (4 registers)
when '0100' rpt = 1; selem = 3; // LD/ST3 (3 registers)
when '0110' rpt = 3; selem = 1; // LD/ST1 (3 registers)
when '0111' rpt = 1; selem = 1; // LD/ST1 (1 register)
when '1000' rpt = 1; selem = 2; // LD/ST2 (2 registers)
when '1010' rpt = 2; selem = 1; // LD/ST1 (2 registers)
otherwise UnallocatedEncoding() ;

// .1D format only permitted with LD1 & ST1

if size:Q == '110' && selem != 1 then ReservedValue () ;
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Operation

CheckFPAdvSIMDEnabled64 () ;

bits (64) address;

bits(64) offs;

bits (datasize) rval;

integer e, r, s, tt;

constant integer ebytes = esize DIV 8;

if n == 31 then
CheckSPAlignment () ;
address = SP[];
else
address = X[n];

offs = Zeros();
for r = 0 to rpt-1
for e = 0 to elements-1
tt = (¢t + r) MOD 32;
for s = 0 to selem-1
rval = V[tt];
if memop == MemOp LOAD then
Elem([rval, e, esize] = Mem[address+offs, ebytes, faddress + offs, ebytes, AccType VEC];
v[itt] = rval;
else // memop == MemOp STORE
Mem[addresstoffs, ebytes, faddress+ offs;y ebytesy; AccType VEC] = Elem[rval, e, esize];
offs = offs + ebytes;
tt = (tt + 1) MOD 32;

if wback then
if m !'= 31 then
offs = X[m];
if n == 31 then
SP[] = address + offs;
else
X[n]

address + offs;
Operational information

If PSTATE.DIT is 1, the timing of this instruction is insensitive to the value of the data being loaded or stored.
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Load single 4-clement structure to one lane of four registers. This instruction loads a 4-eclement structure from memory and writes the result to
the corresponding elements of the four SIMD&FP registers without affecting the other bits of the registers.

Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

It has encodings from 2 classes: No offset and Post-index

No offset
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 2
[o]Q]Jo 0 1 1 0 1 0[1]1]0 0 0 0 0[x x 1][S] size | Rn Rt |
L R opcode
8-bit (opcode == 001)
LD4 { <Vt>.B, <Vt2>.B, <Vt3>.B, <Vt4>.B }[<index>], [<Xn|SP>]
16-bit (opcode == 011 && size == x0)
LD4 { <Vt>.H, <Vt2>.H, <Vt3>.H, <Vt4>.H }[<index>], [<Xn|SP>]
32-bit (opcode == 101 && size == 00)
LD4 { <Vt>.S, <Vt2>.S, <Vt3>.S, <Vt4>.S }[<index>], [<Xn|SP>]
64-bit (opcode == 101 && S == 0 && size == 01)
LD4 { <Vt>.D, <Vt2>.D, <Vt3>.D, <Vt4>.D }[<index>], [<Xn|SP>]
integer t = UInt (Rt);
integer n = UInt (Rn);
integer m = integer UNKNOWN;
boolean wback = FALSE;
Post-index
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 2
lolQlo 0 1 1 0 1 1]1]1] Rm | x x 1]S] size | Rn Rt |
L R opcode
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8-bit, immediate offset (Rm == 11111 && opcode == 001)

LD4 { <Vt>.B, <Vt2>.B, <Vt3>.B, <Vt4>.B } [<index>],

8-bit, register offset (Rm != 11111 && opcode == 001)

LD4 { <Vt>.B, <Vt2>.B, <Vt3>.B, <Vt4d>.B } [<index>],

16-bit, immediate offset (Rm == 11111 && opcode == 011 && size == x0)

LD4 { <Vt>.H, <Vt2>.H, <Vt3>.H, <Vt4>.H }[<index>],

16-bit, register offset (Rm != 11111 && opcode == 011 && size == x0)

LD4 { <Vt>.H, <Vt2>.H, <Vt3>.H, <Vt4>.H } [<index>],

32-bit, immediate offset (Rm == 11111 && opcode == 101 && size == 00)

LD4 { <Vt>.S, <Vt2>.S, <Vt3>.S, <Vt4d>.S } [<index>],

32-bit, register offset (Rm != 11111 && opcode == 101 && size == 00)

LD4 { <Vt>.S, <Vt2>.S, <Vt3>.S, <Vt4>.S }[<index>],

[<Xn|SP>],

[<Xn|SP>],

[<Xn|SP>],

[<Xn|SP>],

[<Xn|SP>],

[<Xn|SP>],

64-bit, immediate offset (Rm == 11111 && opcode == 101 && S == 0 && size == 01)

LD4 { <Vt>.D, <Vt2>.D, <Vt3>.D, <Vt4>.D } [<index>],

64-bit, register offset (Rm != 11111 && opcode == 101 && S == 0 && size ==

LD4 { <Vt>.D, <Vt2>.D, <Vt3>.D, <Vt4d>.D } [<index>],

integer t = 9
integer
integer
boolean

Assembler Symbols

[<Xn|SP>],

01)

[<Xn|SP>],

#4

<Xm>

#8

<Xm>

#16

<Xm>

#32

<Xm>

<Vt> Is the name of the first or only SIMD&FP register to be transferred, encoded in the "Rt" field.
<Vt2> Is the name of the second SIMD&FP register to be transferred, encoded as "Rt" plus 1 modulo 32.
<Vt3> Is the name of the third SIMD&FP register to be transferred, encoded as "Rt" plus 2 modulo 32.
<Vt4> Is the name of the fourth SIMD&FP register to be transferred, encoded as "Rt" plus 3 modulo 32.
<index> For the 8-bit variant: is the element index, encoded in "Q:S:size".
For the 16-bit variant: is the element index, encoded in "Q:S:size<1>".
For the 32-bit variant: is the element index, encoded in "Q:S".
For the 64-bit variant: is the element index, encoded in "Q".
<Xn|SP> Is the 64-bit name of the general-purpose base register or stack pointer, encoded in the "Rn" field.
<Xm> Is the 64-bit name of the general-purpose post-index register, excluding XZR, encoded in the "Rm" field.
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Shared Decode

integer scale = Ulnt (opcode<2:1>);
integer selem = Ulnt (opcode<0>:R) + 1;
boolean replicate = FALSE;

integer index;

case scale of

when 3
// load and replicate
if == '0"' || == '1' then UnallocatedEncoding() ;

scale = Ulnt(size);
replicate = TRUE;

when 0
index = UInt(Q:S:size); // B[0-15]
when 1
if size<0> == 'l1l' then UnallocatedEncoding() ;
index = UInt(Q:S:size<l>); // H[0-T7]
when 2
if size<l> == 'l' then UnallocatedEncoding() ;
if size<0> == '0' then
index = UInt(Q:S); // S[0-3]
else
if S == '"1l' then UnallocatedEncoding() ;
index = UInt (Q); // D[0-1]
scale = 3;
MemOp memop = if L == 'l' then MemOp LOAD else MemOp STORE;
integer datasize = if Q == 'l' then 128 else 64;

integer esize = 8 << scale;
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Operation

CheckFPAdvSIMDEnabled64 () ;

bits(
bits(
bits(

64
64) offs;
128) rval;

) address;

bits(esize) element;

integer s;

constant integer ebytes = esize DIV 8;

if n == 31 then
CheckSPAlignment () ;

address = SP[];

else

address = X[n];

offs = Zeros();

if replicate then
// load and replicate to all elements
for s = 0 to selem-1

element = Mem[address+toffs, ebytes, ftaddress + offs, ebytes,; AccType VEC];
// replicate to fill 128- or 64-bit register

V[t] = Replicate(element,

offs =
t = (t
else

offs + ebytes;
+ 1) MOD 32;

datasize DIV esize);

// load/store one element per register
for s = 0 to selem-1

rval =

vitl;

if memop == MemOp LOAD then
// insert into one lane of 128-bit register
Elem[rval, index,

vit

] = rval;

esize] = Mem|[address+offs, ebytes, taddress + offs; ebytes, AccType VEC];

else // memop == MemOp STORE
// extract from one lane of 128-bit register
Mem [addresstoffs,

offs =
t = (t

if wback then
if m !'= 31
offs =
if n == 31
SP[] =

else
X[n]

Operational informati

offs + ebytes;
+ 1) MOD 32;

then

X[m];

then
address + offs;

address + offs;

on

ebytes, faddress + offs;, ebytes,; AccType VEC] = Elem[rval, index, esize];

If PSTATE.DIT is 1, the timing of this instruction is insensitive to the value of the data being loaded or stored.
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LD4R

Load single 4-element structure and Replicate to all lanes of four registers. This instruction loads a 4-element structure from memory and
replicates the structure to all the lanes of the four SIMD&FP registers.

Depending on the settings in the CPACR_ELI1, CPTR _EL2, and CPTR_EL3 registers, and the current Security state and Exception level, an
attempt to execute the instruction might be trapped.

It has encodings from 2 classes: No offset and Post-index

No offset

31 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

[o]Q]Jo 0 1 1 0 1 o[1]1]0 0 0 0 0[1 1 1]0] size | Rn Rt |
L R opcode S

No offset

LD4R { <Vt>.<T>, <Vt2>.<T>, <Vt3>.<T>, <Vt4d>.<T> }, [<Xn|SP>]

integer t UInt (Rt) ;
integer n UInt (Rn) ;
integer m = integer UNKNOWN;
boolean wback = FALSE;

Post-index

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
loJQJo 0 1 1 0 1 1[1[1] Rm |1 1 1]0] size | Rn Rt |
L R opcode S

Immediate offset (Rm == 11111)

LD4R { <Vt>.<T>, <Vt2>.<T>, <Vt3>.<T>, <Vt4>.<T> }, [<Xn]|SP>], <imm>

Register offset (Rm != 11111)

LD4R { <Vt>.<T>, <Vt2>.<T>, <Vt3>.<T>, <Vt4>.<T> }, [<Xn|SP>], <Xm>

integer t = UInt (Rt);
integer n = UInt (Rn);
integer m = UInt (Rm);
boolean wback = TRUE;
Assembler Symbols
<Vt> Is the name of the first or only SIMD&FP register to be transferred, encoded in the "Rt" field.
<T> Is an arrangement specifier, encoded in “size:Q”:
size Q <T>
00 0 8B
00 1 16B
01 0 4H
01 1 8H
10 0 25
10 1 43
11 0 1D
11 1 2D
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<Vt2> Is the name of the second SIMD&FP register to be transferred, encoded as "Rt" plus 1 modulo 32.

<Vt3> Is the name of the third SIMD&FP register to be transferred, encoded as "Rt" plus 2 modulo 32.
<Vt4> Is the name of the fourth SIMD&FP register to be transferred, encoded as "Rt" plus 3 modulo 32.
<Xn|SP> Is the 64-bit name of the general-purpose base register or stack pointer, encoded in the "Rn" field.
<imm> Is the post-index immediate offset, encoded in “size”:

size <imm>

00 #4

01 #8

10 #16

11 #32
<Xm> Is the 64-bit name of the general-purpose post-index register, excluding XZR, encoded in the "Rm" field.

Shared Decode

integer scale = Ulnt (opcode<2:1>);
integer selem = Ulnt (opcode<0>:R) + 1;
boolean replicate = FALSE;

integer index;

case scale of

when 3
// load and replicate
if L == '0" || == '1' then UnallocatedEncoding() ;

scale = Ulnt (size);
replicate = TRUE;

when 0
index = UInt(Q:S:size); // B[0-15]
when 1
if size<0> == '1l' then UnallocatedEncoding() ;
index = UInt (Q:S:size<l>); // H[0-T7]
when 2
if size<l> == 'l1l' then UnallocatedEncoding() ;
if size<0> == '0' then
index = UInt(Q:S); // S[0-3]
else
if S == '1' then UnallocatedEncoding() ;
index = UInt (Q); // D[0-1]
scale = 3;
MemOp memop = if L == 'l' then MemOp LOAD else MemOp STORE;
integer datasize = if Q == 'l' then 128 else 64;
integer esize = 8 << scale;
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Operation

CheckFPAdvSIMDEnabled64 () ;

bits(
bits(
bits(

64
64) offs;
128) rval;

) address;

bits(esize) element;

integer s;

constant integer ebytes = esize DIV 8;

if n == 31 then
CheckSPAlignment () ;

address = SP[];

else

address = X[n];

offs = Zeros();

if replicate then
// load and replicate to all elements
for s = 0 to selem-1

element = Mem[address+toffs, ebytes, ftaddress + offs, ebytes,; AccType VEC];
// replicate to fill 128- or 64-bit register

V[t] = Replicate(element,

offs =
t = (t
else

offs + ebytes;
+ 1) MOD 32;

datasize DIV esize);

// load/store one element per register
for s = 0 to selem-1

rval =

vitl;

if memop == MemOp LOAD then
// insert into one lane of 128-bit register
Elem[rval, index,

Vit

] = rval;

esize] = Mem|[address+offs, ebytes, taddress + offs; ebytes, AccType VEC];

else // memop == MemOp STORE
// extract from one lane of 128-bit register
Mem [addresstoffs,

offs =
t = (t

if wback then
if m !'= 31
offs =
if n == 31
SP[] =

else
X[n]

Operational informati

offs + ebytes;
+ 1) MOD 32;

then

X[m];

then
address + offs;

address + offs;

on

ebytes, faddress + offs;, ebytes,; AccType VEC] = Elem[rval, index, esize];

If PSTATE.DIT is 1, the timing of this instruction is insensitive to the value of the data being loaded or stored.
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LDADD, LDADDA, LDADDAL, LDADDL

Atomic add on word or doubleword in memory atomically loads a 32-bit word or 64-bit doubleword from memory, adds the value held in a
register to it, and stores the result back to memory. The value initially loaded from memory is returned in the destination register.

« If the destination register is not one of WZR or XZR, LDADDA and LDADDAL load from memory with acquire
semantics.

. LDADDL and LDADDAL store to memory with release semantics.

. LDADD has no memory ordering requirements.

For more information about memory ordering semantics see Load-Acquire, Store-Release.
For information about memory accesses see Load/Store addressing modes.

This instruction is used by the alias STADD, STADDL.
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(ARMv8.1)
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ISA_v84A_A64_xml_00bet7/xhtml/ldadd.html
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32-bit LDADD (size == 10 && A == 0 && R == 0)
LDADD <Ws>, <Wt>, [<Xn|SP>]
32-bit LDADDA (size == 10 && A==1 && R==0)
LDADDA <Ws>, <Wt>, [<Xn|SP>]
32-bit LDADDAL (size ==10 && A==1 && R==1)
LDADDAL <Ws>, <Wt>, [<Xn|SP>]
32-bit LDADDL (size == 10 && A == 0 && R == 1)
LDADDL <Ws>, <Wt>, [<Xn|SP>]
64-bit LDADD (size == 11 8& A == 0 && R == 0)
LDADD <Xs>, <Xt>, [<Xn|SP>]
64-bit LDADDA (size == 11 && A==1 && R==0)
LDADDA <Xs>, <Xt>, [<Xn|SP>]
64-bit LDADDAL (size ==11 && A==1 && R==1)
LDADDAL <Xs>, <Xt>, [<Xn|SP>]
64-bit LDADDL (size ==11 && A==0&& R==1)

LDADDL <Xs>, <Xt>, [<Xn|SP>]

if !HaveAtomicExt () then UnallocatedEncoding() ;

integer t = UInt (Rt);
integer n = UInt (Rn);
integer s = UInt (Rs);

integer datasize = 8 << Ulnt(size);

integer regsize = if datasize == 64 then 64 else 32;

AccType ldacctype = if A == '1l' && Rt != "'"11111' then AccType ORDEREDRW else AccType ATOMICRW;
AccType stacctype = if R == '1' then AccType ORDEREDRW else AccType ATOMICRW; iCHAESHIcOp opy

Assembler Symbols

<Ws> Is the 32-bit name of the general-purpose register holding the data value to be operated on with the contents of the memory

location, encoded in the "Rs" field.

<Wt> Is the 32-bit name of the general-purpose register to be loaded, encoded in the "Rt" field.

<Xs> Is the 64-bit name of the general-purpose register holding the data value to be operated on with the contents of the memory

location, encoded in the "Rs" field.

<Xt> Is the 64-bit name of the general-purpose register to be loaded, encoded in the "Rt" field.
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<Xn|SP> Is the 64-bit name of the general-purpose base register or stack pointer, encoded in the "Rn" field.

Alias Conditions

Alias Is preferred when
STADD, STADDL == '0' && Rt == '11111"
Operation

bits (64) address;

bits (datasize) value;
bits (datasize) data;
bits (datasize) result;

value = X[s];

if n == 31 then
CheckSPAlignment () ;
address = SP[];

else
address = X[n];

// All observers in the shareability domain observe the
// following load and store atomically.
data = Mem[address, datasize DIV 8, ldacctypel;

= data + value;ease—eop—of

p]
()
[0)]
o
=
o+

Mem[address, datasize DIV 8, stacctype] = result;

if t != 31 then
X[t] = ZeroExtend(data, regsize);

Operational information

If PSTATE.DIT is 1, the timing of this instruction is insensitive to the value of the data being loaded or stored.
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Atomic add on byte in memory atomically loads an 8-bit byte from memory, adds the value held in a register to it, and stores the result back to
memory. The value initially loaded from memory is returned in the destination register.

« If the destination register is not WZR, LDADDAB and
. LDADDLB and LDADDALB store to memory with release semantics.
. LDADDB has no memory ordering requirements.

For more information about memory ordering semantics see Load-Acquire, Store-Release.

For information about memory accesses see Load/Store addressing modes.

This instruction is used by the alias STADDB, STADDLB.

LDADDALB load from memory with acquire semantics.

Integer

(ARMvS.1)

31 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

o 0o[1 1 1]/0]l0 O[A|[R[1] Rs [o[o 0 0[O0 O] Rn Rt |
size opc

LDADDAB (A == 1 && R == 0)

LDADDAB <Ws>, <Wt>, [<Xn|SP>]
LDADDALB (A ==1&& R ==1)

LDADDALB <Ws>, <Wt>, [<Xn|SP>]
LDADDB (A == 0 && R == 0)

LDADDB <Ws>, <Wt>, [<Xn|SP>]
LDADDLB (A == 0 && R == 1)

LDADDLB <Ws>, <Wt>, [<Xn|SP>]

if !HaveAtomicExt () then UnallocatedEncoding();

integer t = UInt (Rt);
integer n = UInt (Rn);
integer s UInt (Rs) ;-

AccType ldacctype if == '1l' && Rt

>
Q
Q
=
-
o
[0}
19}
prt
o)
Q
Q
pt
~
o}
D
Il

'11111"

_;

LDADDB, LDADDAB,
LDADDALB, LDADDLB

then AccType ORDEREDRW else AccType ATOMICRW;
if R == 'l' then AccType ORDEREDRW else AccType ATOMICRWE
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Assembler Symbols

<Ws> Is the 32-bit name of the general-purpose register holding the data value to be operated on with the contents of the memory
location, encoded in the "Rs" field.

<Wt> Is the 32-bit name of the general-purpose register to be loaded, encoded in the "Rt" field.

<Xn|SP> Is the 64-bit name of the general-purpose base register or stack pointer, encoded in the "Rn" field.

Alias Conditions

Alias Is preferred when
STADDB, STADDLB A == "'0' && Rt == '11111"'
Operation

bits (64) address;
bits (8) value;
bits (8) data;
bits (8) result;

value = X[s];

if n == 31 then
CheckSPAlignment () ;
address = SP[];

else
address = X[n];

// All observers in the shareability domain observe the
// following load and store atomically.
data = Mem[address, 1, ldacctype];

=
()
[0}
o
=
t

= data + value;ease—op-of

Mem[address, 1, stacctype] = result;

if t != 31 then

X[t] = ZeroExtend(data, 32) ;_
Operational information
If PSTATE.DIT is 1, the timing of this instruction is insensitive to the value of the data being loaded or stored.
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ISA v84A A64 xml 0Obet7 htmldiff from-

old ISA v84A A64 _xml OObet7

LDADDH, LDADDAH, LDADDALH, LDADDLH

new

ISA v84A A64 xml 00bet7 OPT

Atomic add on halfword in memory atomically loads a 16-bit halfword from memory, adds the value held in a register to it, and stores the result
back to memory. The value initially loaded from memory is returned in the destination register.

« If the destination register is not WZR, LDADDAH and
. LDADDLH and LDADDALH store to memory with release semantics.
. LDADDH has no memory ordering requirements.

For more information about memory ordering semantics see Load-Acquire, Store-Release.

For information about memory accesses see Load/Store addressing modes.

This instruction is used by the alias STADDH, STADDLH.

LDADDALH load from memory with acquire semantics.

Integer

(ARMvS.1)

31 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

[0 1[1 1 1]0]l0 o[A[R[1] Rs [o[o 0 0[O0 O] Rn Rt |
size opc

LDADDAH (A == 1 && R ==0)

LDADDAH <Ws>, <Wt>, [<Xn|SP>]
LDADDALH (A == 1 && R==1)

LDADDALH <Ws>, <Wt>, [<Xn|SP>]
LDADDH (A == 0 && R == 0)

LDADDH <Ws>, <Wt>, [<Xn|SP>]
LDADDLH (A == 0 && R == 1)

LDADDLH <Ws>, <Wt>, [<Xn|SP>]

if !HaveAtomicExt () then UnallocatedEncoding();

integer t = UInt (Rt);
integer n = UInt (Rn);
integer s UInt (Rs) ;-

AccType ldacctype if == '1l' && Rt

>
Q
Q
=
-
o
[0}
19}
prt
o)
Q
Q
pt
~
o}
D
Il

'11111"

_;

LDADDH, LDADDAH,
LDADDALH, LDADDLH

then AccType ORDEREDRW else AccType ATOMICRW;
if R == 'l' then AccType ORDEREDRW else AccType ATOMICRWE
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Assembler Symbols

<Ws> Is the 32-bit name of the general-purpose register holding the data value to be operated on with the contents of the memory
location, encoded in the "Rs" field.

<Wt> Is the 32-bit name of the general-purpose register to be loaded, encoded in the "Rt" field.

<Xn|SP> Is the 64-bit name of the general-purpose base register or stack pointer, encoded in the "Rn" field.

Alias Conditions

Alias Is preferred when
STADDH, STADDLH == '0' && Rt == '11111"
Operation

bits (64) address;
bits(16) value;
bits(16) data;
bits(16) result;

value = X[s];

if n == 31 then
CheckSPAlignment () ;
address = SP[];

else
address = X[n];

// All observers in the shareability domain observe the
// following load and store atomically.
data = Mem[address, 2, ldacctype];

=
()
[0}
o
=
t

= data + value;ease—op-of

Mem[address, 2, stacctype] = result;

if t != 31 then

X[t] = ZeroExtend(data, 32) ;_
Operational information
If PSTATE.DIT is 1, the timing of this instruction is insensitive to the value of the data being loaded or stored.
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LDAPR

Load-Acquire RCpc Register derives an address from a base register value, loads a 32-bit word or 64-bit doubleword from the derived address in
memory, and writes it to a register.

The instruction has memory ordering semantics as described in Load-Acquire, Load-AcquirePC, and Store-Release, except that:

» There is no ordering requirement, separate from the requirements of a Load-AcquirePC or a Store-Release, created by having a Store-
Release followed by a Load-AcquirePC instruction.

* The reading of a value written by a Store-Release by a Load-AcquirePC instruction by the same observer does not make the write of the
Store-Release globally observed.

This difference in memory ordering is not described in the pseudocode.
For information about memory accesses, see Load/Store addressing modes.

Integer
(ARMvS.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 3 2 1 0
[1 x[1 1 1]ofo of1]o[1 MO M[1][1 0 0[]0 o] Rn Rt |
size Rs

32-bit (size == 10)

LDAPR <Wt>, [<Xn|SP> {,#0}]

64-bit (size == 11)

LDAPR <Xt>, [<Xn|SP> {,#0}]

integer n
integer t

UInt (Rn) ;
UInt (Rt);

integer elsize = 8 <<imteger—s—= Ulnt(size);
integer regsize = if elsize == 64 then 64 else 32;4Rs);+—F/ ignored by all loads and store—releasechecel

lgize — Qg Ulnt (53
(S

29 .

1o
=S 7

1TNntoacgor
THteger ESSEE
intoecer rocaoid =
THteteger—FegST

integer—datasize =—elsizes

—— 64 +hen 64
T—cch =t

Assembler Symbols

<Wt> Is the 32-bit name of the general-purpose register to be loaded, encoded in the "Rt" field.
<Xt> Is the 64-bit name of the general-purpose register to be loaded, encoded in the "Rt" field.

<Xn|SP> Is the 64-bit name of the general-purpose base register or stack pointer, encoded in the "Rn" field.
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Operation

bits (64) address;

bits(elsize) data;

constant integer dbytes = elsize DIV 8;
by . ; . X

if n == 31 then
CheckSPAlignment () ;
address = SP[];
else
address = X[n];

data
X[t]

Mem[address, dbytes,taddress,—dbytes, acetypet; AccType ORDERED] ;
ZeroExtend (data, regsize);

Operational information
If PSTATE.DIT is 1, the timing of this instruction is insensitive to the value of the data being loaded or stored.
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LDAPRB

Load-Acquire RCpc Register Byte derives an address from a base register value, loads a byte from the derived address in memory, zero-extends
it and writes it to a register.
The instruction has memory ordering semantics as described in Load-Acquire, Load-AcquirePC, and Store-Release, except that:

» There is no ordering requirement, separate from the requirements of a Load-AcquirePC or a Store-Release, created by having a Store-

Release followed by a Load-AcquirePC instruction.
* The reading of a value written by a Store-Release by a Load-AcquirePC instruction by the same observer does not make the write of the

Store-Release globally observed.
This difference in memory ordering is not described in the pseudocode.
For information about memory accesses, see Load/Store addressing modes.

Integer

(ARMvS.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 3 2 1 0
[0 o[1 1 1]ofo of1]o[1 MM OHO O M[1][1 0 0[]0 o] Rn Rt |
size Rs

Integer

LDAPRB <Wt>, [<Xn|SP> {,#0}]

integer n = Ulnt (Rn);
integer t = Ulnt (Rt) ;4RE)+

integer s =UTnt(Rs); — // igrored by all loads and store-release

Aeelype—aecetype—Acecltype ORPEREDS
in i =8 UInt{size)s
: = 1f elgize == 64 then 64 else 32;
integerdatasize —elsizes
Assembler Symbols
<Wt> Is the 32-bit name of the general-purpose register to be loaded, encoded in the "Rt" field.
<Xn|SP> Is the 64-bit name of the general-purpose base register or stack pointer, encoded in the "Rn" field.
Operation
bits (64) address;
bits (8) data;
bitstdatasize)—datar
constantinteger dbytes = datasize BIV-84
if n == 31 then
CheckSPAlignment () ;
address = SP[];
@LsRE
address = X[n];
data = Mem[address, 1, - - + AccType ORDERED] ;
X[t] = ZeroExtend(data, 32);H{cata; regsize)ri

Operational information

If PSTATE.DIT is 1, the timing of this instruction is insensitive to the value of the data being loaded or stored.
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Load-Acquire RCpc Register Halfword derives an address from a base register value, loads a halfword from the derived address in memory,

zero-extends it and writes it to a register.
The instruction has memory ordering semantics as described in Load-Acquire, Load-AcquirePC, and Store-Release, except that:

» There is no ordering requirement, separate from the requirements of a Load-AcquirePC or a Store-Release, created by having a Store-

Release followed by a Load-AcquirePC instruction.

* The reading of a value written by a Store-Release by a Load-AcquirePC instruction by the same observer does not make the write of the

Store-Release globally observed.
This difference in memory ordering is not described in the pseudocode.
For information about memory accesses, see Load/Store addressing modes.

Integer

(ARMvS.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 3 2

[0 1]1 1 1]ofo of1]o[1 MO M[1][1 0 0[]0 0] Rn Rt |
size Rs

Integer

LDAPRH <Wt>, [<Xn|SP> {,#0}]

integer n = Ulnt (Rn);
integer t = Ulnt (Rt) ;4RE)+

integer s =UTnt(Rs); — // igrored by all loads and store-release

Aeelype—aecetype—Acecltype ORPEREDS
22 : =8 Uint{size)s
: = 1f elgize == 64 then 64 else 32;
integerdatasize —elsizes
Assembler Symbols
<Wt> Is the 32-bit name of the general-purpose register to be loaded, encoded in the "Rt" field.
<Xn|SP> Is the 64-bit name of the general-purpose base register or stack pointer, encoded in the "Rn" field.
Operation
bits (64) address;
bits(16) data;
bitstdatasize)—datar
constantinteger dbytes = datasize BIV-84
if n == 31 then
CheckSPAlignment () ;
address = SP[];
@LsRE
address = X[n];
data = Mem[address, 2, - - + AccType ORDERED] ;
X[t] = ZeroExtend(data, 32);H{cata; regsize)ri

Operational information

If PSTATE.DIT is 1, the timing of this instruction is insensitive to the value of the data being loaded or stored.
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Load-Acquire RCpc Register (unscaled) calculates an address from a base register and an immediate offset, loads a 32-bit word or 64-bit
doubleword from memory, zero-extends it, and writes it to a register.

The instruction has memory ordering semantics as described in Load-Acquire, Load-AcquirePC, and Store-Release, except that:

» There is no ordering requirement, separate from the requirements of a Load-AcquirePC or a Store-Release, created by having a Store-
Release followed by a Load-AcquirePC instruction.

* The reading of a value written by a Store-Release by a Load-AcquirePC instruction by the same observer does not make the write of the
Store-Release globally observed.

This difference in memory ordering is not described in the pseudocode.
For information about memory accesses, see Load/Store addressing modes.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 &5 4 3 2 1 O
|1 x]0o 1 1 0 0 1[0 1][0] imm9 [0 0] Rn Rt |
size opc

32-bit (size == 10)
LDAPUR <Wt>, [<Xn|SP>{, #<simm>}]
64-bit (size == 11)

LDAPUR <Xt>, [<Xn|SP>{, #<simm>}]
o veve il mm cdomials — A GRS
integer scale = Ulnt (size);
bits(64) offset = SignExtend (imm9, 64);

Assembler Symbols

<Wt> Is the 32-bit name of the general-purpose register to be transferred, encoded in the "Rt" field.

<Xt> Is the 64-bit name of the general-purpose register to be transferred, encoded in the "Rt" field.

<Xn|SP> Is the 64-bit name of the general-purpose base register or stack pointer, encoded in the "Rn" field.

<simm> Is the optional signed immediate byte offset, in the range -256 to 255, defaulting to 0 and encoded in the "imm9" field.
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Shared Decode

integer n = UInt(Rn);
integer t UInt(REt);
integer regsize;

regsize = if size == 'l1l' then 64 else 32;

= 8 << scale;+Ré}heclype acetype —AccType ORDERED:
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Operation

bits (64) address;
bits (datasize) data;

if n == 31 theniEmemep—==

CheckSPAlignment () ;

address =
else
address = X[n];

0
L)

address = address + offset;

e ORDERED:

>
Q
Q
=

—
~e

!
ot
Il

ZeroExten

(data, regsize);fnl-=address;
Operational information

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

en[address, datasize DIV 8,faddress; datasize DIV 8, acctypel —data;
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Load-Acquire RCpc Register Byte (unscaled) calculates an address from a base register and an immediate offset, loads a byte from memory,
zero-extends it, and writes it to a register.
The instruction has memory ordering semantics as described in Load-Acquire, Load-AcquirePC, and Store-Release, except that:
¢ There is no ordering requirement, separate from the requirements of a Load-AcquirePC or a Store-Release, created by having a Store-
Release followed by a Load-AcquirePC instruction.
¢ The reading of a value written by a Store-Release by a Load-AcquirePC instruction by the same observer does not make the write of the
Store-Release globally observed.
This difference in memory ordering is not described in the pseudocode.
For information about memory accesses, see Load/Store addressing modes.

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
lo 0[0 1 1 0 0 1[0 1]/0] imm9 [0 0] Rn Rt |
size opc

Unscaled offset

LDAPURB <Wt>, [<Xn|SP>{, #<simm>}]

bits (64) offset =

SignExtend (imm9, 64);

Assembler Symbols

<Wt> Is the 32-bit name of the general-purpose register to be transferred, encoded in the "Rt" field.
<Xn|SP> Is the 64-bit name of the general-purpose base register or stack pointer, encoded in the "Rn" field.
<simm> Is the optional signed immediate byte offset, in the range -256 to 255, defaulting to 0 and encoded in the "imm9" field.

Shared Decode

UInt (Rn);

JTnL (RU) ; heeType-acetype —AccType ORDEREDS

integer n
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