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AMD 3DNow! Functionality 
FEMMS clear floating point state 

PAVGUSB FU8ΛFU8→ FU8 

FU8ΛmemU8→ FU8 
PF2ID ∅(FFP32)→FS32 

∅(memFP32)→FS32 
PFACC ℜ+(FFP32)||ℜ+(FFP32)→FFP32 

ℜ+(FFP32)||ℜ+(memFP32)→FFP32 

PFADD FFP32+FFP32→FFP32 

FFP32+memFP32→FFP32 

PFCMPEQ m(FFP32==FFP32)→F32 

m(FFP32==memFP32)→F32 

PFCMPGE m(FFP32>FFP32)→F32 

m(FFP32>memFP32)→F32 

PFCMPGT m(FFP32>FFP32)→F32 

m(FFP32>memFP32)→F32 

PFMAX FFP32,FFP32→FFP32 

FFP32,memFP32→FFP32 
PFMIN FFP32,FFP32→FFP32 

FFP32,memFP32→FFP32 
PFMUL FFP32×FFP32→FFP32 

FFP32×memFP32→FFP32 
PFRCP ≈141⁄F•FP32→F•FP32 

≈141⁄mem•FP32→F•FP32 
PFRCPIT1 ≈XX

11⁄F•FP32→F•FP32 

≈XX
11⁄mem•FP32→F•FP32 

PFRCPIT2 ≈24
21/√F•FP32→F•FP32 

≈24
2⁄ F•FP32→F•FP32 

≈24
21/√mem•FP32→F•FP32 

≈24
2⁄ mem•FP32→F•FP32 

PFRSQIT1 ≈XX
11/√F•FP32→F•FP32 

≈XX
11/√mem•FP32→F•FP32 

PFRSQRT ≈151/√F•FP32→F•FP32 

≈151/√mem•FP32→F•FP32 
PFSUB FFP32−FFP32→FFP32 

FFP32−memFP32→FFP32 
PFSUBR FFP32−FFP32→FFP32 

FFP32−memFP32→FFP32 
PI2FD FS32→FFP32 

FS32→memFP32 
PMULHRW U16(FS16×FS16)→FS16 

U16(FS16×memS16)→FS16 

PREFETCH prefetch into L1 

PREFETCHW prefetch for write into L1 
Source: 3DNow! Technology Manual 21928E/0 – November 1998 
 
 
 
 
AMD Extension to 
3DNow! and MMX 

Functionality 

PF2IW ∅(FFP32)⇒FS16→FS32 

∅(memFP32)⇒FS16→FS32 
PFNACC ℜ+(FFP32)||ℜ+(FFP32)→FFP32 

ℜ+(FFP32)||ℜ+(memFP32)→FFP32 
PFPNACC ℜ+(FFP32)||ℜ−(FFP32)→FFP32 

ℜ+(FFP32)||ℜ−(memFP32)→FFP32 
PI2FW E(FS16)→FFP32 

E(memS16)→FFP32 

PSWAPD ℵFFP32→FFP32 

ℵmemFP32→FFP32 

MASKMOVQ if(F[(i*8)-1]) F8[i]→mem8[i] 
MOVNTQ F→mem (no write allocate) 
PAVGB FU8ΛFU8→ FU8 

FU8ΛmemU8→ FU8 
PAVGW FU16ΛFU16→ FU16 

FU16ΛmemU16→ FU16 
PEXTRW F16[imm8]→R[15..0] 

PINSRW R[0..15]→F16[I8] 
mem→F16[I8] 

PMAXSW FS16,FS16→FS16 

FS16,memS16→FS16 
PMAXUB FU8, FU8→FU8 

FU8, memU8→FU8 
PMINSW  FS16,FS16→FS16 

 FS16,memS16→FS16 
PMINUB  FU8, FU8→FU8 

 FU8, memU8→FU8 
PMOVMSKB F[(i*8)-1]→R[i] 
PMULHUW U16(FU16×FU16)→FU16 

U16(FU16×memU16)→FU16 

PREFETCHNTA prefetch with minimal L1/L2 pollution 

PREFETCHT0 prefetch to all cache levels 

PREFETCHT1 prefetch to all but L1 cache level 

PFEFETCHT2 prefetch to all but L1 and L2 cache levels 

PSADBW ℜ+(FU8∇FU8)→F•U16 

ℜ+(FU8∇memU8)→F•U16 
PSHUFW F16[imm8[2*i+1..2*i]]→F16[i] 

mem16[imm8[2*i+1..2*i]]→F16[i] 
SFENCE force completion of weakly ordered stores 
Source: AMD Extensions to the 3DNow! and MMX Instruction Sets 
Manual – 22466B/0 – August 1999 
 
 
 
Cyrix Extended 
MMX 

Functionality 

PADDISW FS16+FS16⇒∂FS16 

FS16+memS16⇒∂FS16 

PAVEB FU8ΛFU8→FU8 

FU8ΛmemU8→FU8 

PDISTIB FU8∇memU8→Σ∂FU8 

PMACHRIW U16((FS16×memS16))→Σ∂FS16 

PMAGW |FS16|,|FS16|→FS16 

|FS16|,|memS16|→FS16 

PMULHRW U16((FS16×FS16))→FS16 

U16((FS16×memS16))→FS16 
PMULHRIW U16((FS16×FS16))→∂FS16 

U16((FS16×memS16))→∂FS16 
PMVZB if(∂F8[i]==0), mem8→F8 

PMVNZB if(∂F8[i]!=0), mem8→F8 
PMVLZB if(∂FS8[i]<0), mem8→F8 
PMVGEZB if(∂FS8[i]>0), mem8→F8 
PSUBSIW FS16−FS16⇒∂FS16 

FS16−memS16⇒∂FS16 
Source: Application Note 108 – Cyrix Extended MMX Instruction Set 
 
 
DEC MVI Functionality 
MAXSB8 RS8,RS8→RS8 

MAXSW4 RS16,RS16→RS16 

MAXUB8 RU8,RU8→RU8 

MAXUW4 RU16,RU16→RU16 

MINSB8 RS8,RS8→RS8 

MINSW4 RS16,RS16→RS16 
MINUB8 RU8,RU8→RU8 
MINUW4 RU16,RU16→RU16 

PERR ℜ+(RU8∇RU8)→R•U64 

PKLB 0||R32→R8 

PKWB 0||R16→R8 

UNPKBW RU8[3..0]→RU16 

UNPKBL RU8[1..0]→RU32 

Source: James Hicks, Richard Weiss, “Motion Video Instructions”, 
February 1999 
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HP MAX-1 Functionality 
HADD R16+R16→R16 

HADD,ss RS16+RS16⇒RS16 

HADD,us RU16+RU16⇒RU16 

HAVG RS16ΛRS16⇒RS16 

HSUB R16−R16→R16 

HSUB,ss RS16−RS16⇒RS16 

HSUB,us RU16−RU16⇒RU16 
HSLADD (RS16<<imm2)+RS16⇒RS16 

HSHRADD (RS16>>imm2)+RS16⇒RS16 

Source: Ruby B. Lee, “Subword Parallelism with MAX-2”, IEEE Micro, 
August 1996, pg. 51-59 
 
 
 
HP  MAX-2 Functionality 
HSHR RS16>>imm2→RS16 

HSHR,u RU16>>imm2→RU16 

HSHL R16<<imm2→R16 

MIXH,L U(R16)∧∨U(R16)→R 
MIXH,R L(R16)∧∨L(R16)→R 

MIXW,L U(R32)∧∨U(R32)→R 

MIXW,R L(R32)∧∨L(R32)→R 

PERMH R16[imm8[2*i+1..2*i]]→R16[i] 
Source: Ruby B. Lee, “Subword Parallelism with MAX-2”, IEEE Micro, 
August 1996, pg. 51-59 
 
 
 
Intel MMX Functionality 
EMMS clear floating point state 

MOVD F[0..31]→R[0..31]  
F[0..31]→mem  
R[0..31]→F[0..31] 
mem→F[0..31] 

MOVQ F[0..63]→F[0..63] 

F[0..63]→mem 

mem→F[0..63] 

PACKSSDW FS32||FS32⇒FS16 
FS32||memS32⇒FS16 

PACKSSWB FS16||FS16⇒FS8  
FS16||memS16⇒FS8 

PACKUSWB FS16||FS16⇒FU8 

FS16||memS16⇒FU8 
PADDB F8+F8→F8 

F8+mem8→F8 

PADDD F32+F32→F32 

F32+mem32→F32 

PADDSB FS8+FS8⇒FS8 

FS8+memS8⇒FS8 

PADDSW FS16+FS16⇒FS16 

FS16+memS16⇒FS16 

PADDUSB FU8+FU8⇒FU8 

FU8+memU8⇒FU8 
PADDUSW FU16+FU16⇒FU16 

FU16+memU16⇒FU16 
PADDW F16+F16→F16 

F16+mem16→F16 
PAND F&F→F 

F&mem→F 
PANDN ~(F)&F→F 

~(F)&mem→F 
PCMPEQB m(F8==F8)→F 

m(F8==mem8)→F 
PCMPEQD m(F16==F16)→F16 

m(F16==mem16)→F16 

PCMPEQW m(F32==F32)→F32 

m(F32==mem32)→F32 

PCMPGTB m(FS8>FS8)→F8 

m(FS8>memS8)→F8 

PCMPGTD m(FS16>FS16)→F16 

m(FS16>memS16)→F16 

PCMPGTW m(FS32>FS32)→F32 

m(FS32>memS32)→F32 

PMADDWD ℜ+(FS16×FS16)→FS32 

ℜ+(FS16×memS16)→FS32 

PMULHW U16(FS16×FS16)→FS16 

U16(FS16×memS16)→FS16 

PMULLW L16(FS16×FS16)→F16 

L16(FS16×memS16)→F16 
POR F|F→F 

F|mem→F 
PSLLD F32<<F•64→F32 

F32<<mem•64→F32 

F32<<imm8→F32 
PSLLQ F•64<<F•64→F•64 

F•64<<mem•64→F•64 

F•64<<imm8→F•64 
PSLLW F16<<F•64→F16 

F16<<mem•64→F16 

F16<<imm8→F16 
PSRAD FS32>>F•64→FS32 

FS32>>mem•64→FS32 

FS32>>imm8→FS32 
PSRAW FS16>>F•64→FS16 

FS16>>mem•64→FS16 

FS16>>imm8→FS16 
PSRLD F32>>F•64→F32 

F32>>mem•64→F32 

F32>>imm8→F32 
PSRLQ F•64>>F•64→F•64 

F•64>>mem•64→F•64 

F•64>>imm8→F•64 
PSRLW F16>>F•64→F16 

F16>>mem•64→F16 

F16>>imm8→F16 
PSUBB F8−F8→F8 

F8−mem8→F8 
PSUBD F32−F32→F32 

F32−mem32→F32 
PSUBSB FS8−FS8⇒FS8 

FS8−memS8⇒FS8 
PSUBSW FS16−FS16⇒FS16 

FS16−memS16⇒FS16 
PSUBUSB FU8−FU8⇒FU8 

FU8−memU8⇒FU8 
PSUBUSW FU16−FU16⇒FU16 

FU16−memU16⇒FU16 
PSUBW F16−F16→F16 

F16−mem16→F16 
PUNPCKHBW U(F8)∧∨U(F8)→F 

U(F8)∧∨U(mem8)→F 
PUNPCKHDQ U(F32)∧∨U(F32)→F 

U(F32)∧∨U(mem32)→F 

PUNPCKHWD U(F16)∧∨U(F16)→F 
U(F16)∧∨U(mem16)→F 

PUNPCKLBW L(F8)∧∨L(F8)→F 
L(F8)∧∨L(mem8)→F 

PUNPCKLDQ L(F32)∧∨L(F32)→F 
L(F32)∧∨L(mem32)→F 

PUNPCKLWD L(F16)∧∨L(F16)→F 
L(F16)∧∨L(mem16)→F 

PXOR F⊕F→F 
F⊕mem→F 

Source: AMD-K6 MMX Enhanced Processor Multimedia Technology 
Manual 1997 – 20726C/0 – June 1997 
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Intel SSE Functionality 
ADDPS VFP32+VFP32→VFP32 

VFP32+memFP32→VFP32 

ADDSS V•FP32+V•FP32→V•FP32 

V•FP32+mem•FP32→V•FP32 

ANDNPS ~(V)&V→V 
~(V)&mem→V 

ANDPS V&V→V 
V&mem→V 

CMPPS m(VFP32{==, <, <, !?, !=, !<, !<, ?}VFP32)→V32 
m(VFP32{==, <, <, !?, !=, !<, !<, ?}memFP32)→V32         

CMPSS m(V•FP32{==, <, <, !?, !=, !<, !<, ?}V•FP32)→V•32 
m(V•FP32{==, <, <, !?, !=, !<, !<, ?}mem•FP32)→V•32     

COMISS bv(V•FP32{!?,>,<}V•FP32)→ZF, PF, CF flags, 0→OF, 
SF, AF flags 
bv(V•FP32{!?,>,<}mem•FP32)→ZF, PF, CF flags, 
0→OF, SF, AF flags 

CVTPI2PS U64(VFP32)||FS32→VFP32 

U64(VFP32)||memS32→VFP32 

CVTPS2PI L64(VFP32)→FS32 

L64(memFP32)→FS32 

CVTSI2SS U96(VFP32)||R[32..0]→VFP32 

U96(VFP32)||mem[32..0]→VFP32 

CVTSS2SI V•FP32→R[32..0] 

mem•FP32→R[32..0] 

CVTTPS2PI L64(VFP32)→FS32 

L64(memFP32)→FS32 
CVTTSS2SI V•FP32→R[32..0] 

mem•FP32→R[32..0] 

DIVPS VFP32÷VFP32→VFP32 

VFP32÷memFP32→VFP32 

DIVSS V•FP32÷V•FP32→V•FP32 

V•FP32÷mem•FP32→V•FP32 
FXRSTOR restore FP/MMX and SSE state 

FXSAVE save FP/MMX and SSE state 

LDMXCSR load SSE control/status word 

MASKMOVQ if(F8[(i*8)-1]) F8[i]→mem8[i] 
MAXPS VFP32,VFP32→VFP32 

VFP32,memFP32→VFP32 
MAXSS V•FP32,V•FP32→V•FP32 

V•FP32,mem•FP32→V•FP32 
MINPS VFP32,VFP32→VFP32 

VFP32,memFP32→VFP32 

MINSS V•FP32,V•FP32→V•FP32 

V•FP32,mem•FP32→V•FP32 

MOVAPS V→V 
V→mem (exception if unaligned mem) 
mem→V (exception if unaligned mem) 

MOVHLPS U64(V)||L64(V)→V 

MOVHPS U64(V)→mem 
mem→U64(V) 

MOVLHPS L64(V)||L64(V)→V 
MOVLPS L64(V)→mem 

mem→L64(V) 
MOVMSKPS V[(i*32)-1]→R[i] 
MOVNTPS V→mem (no write allocate) 
MOVNTQ F→mem (no write allocate) 
MOVSS V•FP32→V•FP32 

V•FP32→mem 
mem→V•FP32 

MOVUPS V→V 
V→mem 
mem→V 

MULPS VFP32×VFP32→VFP32 

VFP32×memFP32→VFP32 
MULSS V•FP32×V•FP32→V•FP32 

V•FP32×mem•FP32→V•FP32 

ORPS V|V→V 
V|mem→V 

PAVGB FU8ΛFU8→FU8 

FU8ΛmemU8→FU8 

PAVGW FU16ΛFU16→FU16 

FU16ΛmemU16→FU16 
PEXTRW F16[I8]→R[15..0] 
PINSRW R[0..15]→F16[I8] 

mem→F16[I8] 
PMAXSW FS16,FS16→FS16 

FS16,memS16→FS16 
PMAXUB FU8, FU8→FU8 

FU8, memU8→FU8 
PMINSW  FS16,FS16→FS16 

 FS16,memS16→FS16 
PMINUB  FU8, FU8→FU8 

 FU8, memU8→FU8 
PMOVMSKB F[(i*8)-1]→R[i] 
PMULHUW U16(FU16×FU16)→FU16 

U16(FU16×memU16)→FU16 
PREFETCHNTA prefetch with minimal L1/L2 pollution 

PREFETCHT0 prefetch to all cache levels 

PREFETCHT1 prefetch to all but L1 cache level 

PREFETCHT2 prefetch to all but L1 and L2 cache levels 

PSADBW ℜ+(FU8∇FU8)→F•U16 

ℜ+(FU8∇memU8)→F•U16 
PSHUFW F16[imm8[2*i+1..2*i]]→F16[i] 

mem16[imm8[2*i+1..2*i]]→F16[i] 
RCPPS ≈121⁄VFP32→VFP32 

≈121⁄memFP32→VFP32 

RCPSS ≈121⁄V•FP32→V•FP32 

≈121⁄mem•FP32→V•FP32 
RSQRTPS ≈121/√VFP32→VFP32 

≈121/√memFP32→VFP32 

RSQRTSS ≈121/√V•FP32→V•FP32 

≈121/√mem•FP32→V•FP32 
SFENCE force completion of weakly ordered stores 

SHUFPS VFP32[I8[2*i+3.2*i+2]]|| VFP32[I8[2*i+1..2*i]]||→V 
memFP32[I8[2*i+3..2*i+2]]|| VFP32[I8[2*i+1..2*i]]||→V 

SQRTPS √VFP32→VFP32 

√memFP32→VFP32 
SQRTSS √V•FP32→V•FP32 

√mem•FP32→V•FP32 
STMXCSR store SSE control/status word 

SUBPS VFP32−VFP32→VFP32 

VFP32−memFP32→VFP32 

SUBSS V•FP32−V•FP32→V•FP32 

V•FP32−mem•FP32→V•FP32 
UCOMISS bv(V•FP32{!?,>,<}V•FP32)→ZF, PF, CF flags, 0→OF, 

SF, AF flags 
bv(V•FP32{!?,>,<}mem•FP32)→ZF, PF, CF flags, 
0→OF, SF, AF flags 

UNPCKHPS U(V32)∧∨U(V32)→V 
U(V32)∧∨U(mem32)→V 

UNPCKLPS L(V32)∧∨L(V32)→V 
L(V32)∧∨L(mem32)→V 

XORPS V⊕V→V 
Source: Intel Architecture Software Developer’s Manual, Volume II: 
Instruction Set Reference, 1999 
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Intel SSE2 Functionality 
ADDPD VFP64+VFP64→VFP64 

VFP64+memFP64→VFP64 
ADDSD V•FP64+V•FP64→V•FP64 

V•FP64+mem•FP64→V•FP64 
ANDNPD ~(V)&V→V 

~(V)&mem→V 

ANDPD ~(V)&V→V 
~(V)&mem→V 

CFLUSH Flush and invalidate memory operand in all cache levels 
CMPPD m(VFP64{==, <, <, !?, !=, !<, !<, ?}VFP64)→V64 

m(VFP64{==, <, <, !?, !=, !<, !<, ?}memFP64)→V64                  
CMPSD m(V•FP64{==, <, <, !?, !=, !<, !<, ?}V•FP64)→V•64 

m(V•FP64{==, <, <, !?, !=, !<, !<, ?}mem•FP64)→V•64              
COMISD bv(V•FP64{!?,>,<}V•FP64)→ZF, PF, CF flags, 0→OF, SF, 

AF flags 
bv(V•FP64{!?,>,<}mem•FP64)→ZF, PF, CF flags, 0→OF, 
SF, AF flags 

CVTDQ2PD VS32→VFP64 

memS32→VFP64 
CVTDQ2PS VS32→VFP32 

memS32→VFP32 
CVTPD2DQ VFP64→0||VS32 

memFP64→0||VS32 

CVTPD2PI VFP64→FS32 

memFP64→FS32 
CVTPD2PS VFP64→0||VFP32 

memFP64→0||VFP32 

CVTPI2PD FS32→VFP64 

memS32→VFP64 
CVTPS2DQ VFP32→VS32 

memFP32→VS32 
CVTPS2PD L64(VFP32)→VFP64 

L64(memFP32)→VFP64 
CVTSD2SI V•FP64→R[32..0] 

mem•FP64→R[32..0] 

CVTSD2SS V•FP64→ V•FP32 
mem•FP64→ V•FP32 

CVTSI2SD U64(VFP64)||R[32..0]→VFP64 

U64(VFP64)||mem[32..0]→VFP64 

CVTSS2SD V•FP32→ V•FP64 
mem•FP32→ V•FP64 

CVTTPD2DQ VFP64→0||VS32 

memFP64→0||VS32 

CVTTPD2PI VFP64→FS32 

memFP64→FS32 
CVTTPS2DQ VFP32→VS32 

memFP32→VS32 
CVTTSD2SI V•FP64→R[32..0] 

mem•FP64→R[32..0] 
DIVPD VFP64÷VFP64→VFP64 

VFP64÷memFP64→VFP64 
DIVSD V•FP64÷V•FP64→V•FP64 

V•FP64÷mem•FP64→V•FP64 
LFENCE Serialize load operations 
MASKMOVDQU if(V8[(i*8)-1]) V8[i]→mem8[i] 
MAXPD VFP64,VFP64→VFP64 

VFP64,memFP64→VFP64 
MAXSD V•FP64,V•FP64→V•FP64 

V•FP64,mem•FP64→V•FP64 
MFENCE Serialize load and store operations 
MINPD VFP64,VFP64→VFP64 

VFP64,memFP64→VFP64 

MINSD V•FP64,V•FP64→V•FP64 

V•FP64,mem•FP64→V•FP64 

MOVAPD V→V 
V→mem (exception if unaligned mem) 

mem→V (exception if unaligned mem) 
MOVDQA V→V 

V→mem (exception if unaligned mem) 
mem→V (exception if unaligned mem) 

MOVDQU V→V 
V→mem 

MOVHPD U64(V)→mem 
mem→U64(V) 

MOVLPD L64(V)→mem 
mem→L64(V) 

MOVMSKPD V[(i*32)-1]→R[i] 
MOVNTDQ V→mem (no write allocate) 
MOVNTI R→mem (no write allocate) 
MOVNTPD V→mem (no write allocate) 
MOVQ2DQ L64(F)→0||V64 
MOVSD V•FP64→V•FP64 

V•FP64→mem 
mem→V•FP64 

MOVUPD V→V 
V→mem 
mem→V 

MOVDQ2Q L64(V)→F 
MULPD VFP64×VFP64→VFP64 

VFP64×memFP64→VFP64 
MULSD V•FP64×V•FP64→V•FP64 

V•FP64×mem•FP64→V•FP64 
ORPD V|V→V 

V|mem→V 
PADDQ V64+V64→V64 
PAUSE Delay execution of next instruction  
PMULUDQ VU32×VU32→VU64 

VU32×memU32→VU64 

F•U32×F•U32→F•U64 

F•U32×mem•U32→F•U64 
PSHUFD V32[imm8[2*i+1..2*i]]→V32[i] 

mem32[imm8[2*i+1..2*i]]→V32[i] 
PSHUFHW U64(V16)[imm8[2*i+1..2*i]]||L64(V16)→ U64(V16)[i] 

U64(mem16)[imm8[2*i+1..2*i]]||L64(mem16)→U64(V16)[i] 
PSHUFLW L64(V16)[imm8[2*i+1..2*i]]||U64(V16)→ L64(V16) [i] 

L64(mem16)[imm8[2*i+1..2*i]]||U64(mem16)→L64(V16)[i] 
PSLLDQ V<<8*imm8→V 
PSRLDQ V>>8*imm8→V 
PSUBQ V64−V64→V64 
PUNPCKHQDQ U(V32)∧∨U(V32)→V 

U(V32)∧∨U(mem32)→V 

PUNPCKLQDQ L(V32)∧∨L(V32)→V 
L(V32)∧∨L(mem32)→V 

SHUFPD VFP64[I8[2*i+3.2*i+2]]|| VFP64[I8[2*i+1..2*i]]||→V 
memFP64[I8[2*i+3..2*i+2]]|| VFP64[I8[2*i+1..2*i]]||→V 

SQRTPD √VFP64→VFP64 

√memFP64→VFP64 
SQRTSD √V•FP64→V•FP64 

√mem•FP64→V•FP64 
SUBPD VFP64−VFP64→VFP64 

VFP64−memFP64→VFP64 

SUBSD V•FP64−V•FP64→V•FP64 

V•FP64−mem•FP64→V•FP64 
UCOMISD bv(V•FP64{!?,>,<}V•FP32)→ZF, PF, CF flags, 0→OF, SF, 

AF flags 
bv(V•FP64{!?,>,<}mem•FP32)→ZF, PF, CF flags, 0→OF, 
SF, AF flags 

UNPCKHPD U(V64)∧∨U(V64)→V 
U(V64)∧∨U(mem64)→V 

UNPCKLPD L(V64)∧∨L(V64)→V 
L(V64)∧∨L(mem64)→V 

XORPD V⊕V→V 

Source: IA-32 Intel Architecture Software Developer’s Manual with Preliminary
Willamette Architecture Information Vol. 2: Instruction Set Reference, 2000 
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MIPS MDMX Functionality 
ADD.QH FS16+FS16⇒FS16 

ADD.OB FU8+FU8⇒FU8 

ADDA.QH FS16+FS16→ΣAS48 

ADDA.OB FU8+FU8→ΣAU24 
ADDL.QH FS16+FS16→AS48 
ADDL.OB FU8+FU8→ΣAU24 
ALNI.QH (F8||F8)[imm3+7..imm3]→F 

ALNI.OB (F8||F8)[imm3+7..imm3]→F 
ALNV.QH (F8||F8)[R[2..0]+7..R[2..0]]→F 
ALNV.OB (F8||F8)[R[2..0]+7..R[2..0]]→F 
AND.QH F&F→F 
AND.OB F&F→F 
C.cond.QH if(FS16[i]{<,<,==}FS16[i]), CC[i]=1, else CC[i]=0 

C.cond.OB if(FU8[i]{<,<,==}FU8[i]), CC[i]=1, else CC[i]=0 

MAX.QH FS16,FS16→FS16 
MAX.OB FU8,FU8→FU8 
MIN.QH FS16,FS16→FS16 
MIN.OB FU8,FU8→FU8 
MSGN.QH FS16⊗FS16→FS16 

MUL.QH FS16×FS16⇒FS16 

MUL.OB FU8×FU8⇒FU8 
MULA.QH FS16×FS16→ΣAS48 
MULA.OB FU8×FU8→ΣAU24 
MULL.QH FS16×FS16→AS48 
MULL.OB FU8×FU8→AU24 
MULS.QH FS16×FS16→ΣAS48 
MULS.OB FU8×FU8→ΣAU24 
MULSL.QH –(FS16×FS16)→AS48 
MULSL.OB –(FU8×FU8)→AU24 
NOR.QH !(F|F)→F 
NOR.OB !(F|F)→F 
OR.QH F|F→F 
OR.OB F|F→F 
PICKF.QH if(!cc[i]) F16[i]→F16[i], else F16[i]→F16[i] 
PICKF.OB if(!cc[i]) F8[i]→F8[i], else F8[i]→F8[i] 
PICKT.QH if(cc[i]) F16[i]→F16[i], else F16[i]→F16[i] 
PICKT.OB if(cc[i]) F8[i]→F8[i], else F8[i]→F8[i] 
RZS.QH ∅(AS48>>FS16)⇒FS16 

RZU.QH ∅(AS48>>FS16)⇒FS16 
RZU.OB ∅(AU8>>FU8)⇒FU8 
RNAS.QH (AS48>>FS16)⇒FS16 
RNAU.QH (AS48>>FS16)⇒FS16 
RNAU.OB (AU8>>FU8)⇒FU8 
RNES.QH (AS48>>FS16)⇒FS16 
RNEU.QH (AS48>>FS16)⇒FS16 
RNEU.OB (AU8>>FU8)⇒FU8 
RACL.QH A64[0]→F 
RACM.QH A64[1]→F 
RACH.QH A64[2]→F 
RACL.OB A64[0]→F 
RACM.OB A64[1]→F 
RACH.OB A64[2]→F 
SHFL.func.QH ƒ(F16,F16)→F16 

SHFL.func.OB ƒ(F8,F8)→F8 
SLL.QH FS16<<FS16→FS16 

SLL.OB FU8<<FU8→FU8 
SRA.QH FS16>>FS16→FS16 
SRL.QH FS16>>FS16→FS16 
SRL.OB FU8>>FU8→FU8 
SUB.QH FS16−FS16⇒FS16 

SUB.OB FU8−FU8⇒FU8 

SUBA.QH FS16−FS16→ΣAS48 
SUBA.OB FU8−FU8→ΣAU24 
SUBL.QH FS16−FS16→AS48 

SUBL.OB FU8−FU8→ΣAU24 
WACH.QH F→A64[2] 
WACH.OB F→A64[2] 
WACL.QH F→A64[0], F→A64[1] 
WACL.OB F→A64[0], F→A64[1] 
XOR.QH FS16⊕FS16→FS16 

XOR.OB FU8⊕FU8→FU8 
Source: MIPS Digital Media Extension Rev 1.0, 
MIPS Extension for Digital Media with 3D, March 12, 1997 
 
 
 
 
MIPS MIPS-3D 
Instruction Functionality 
ADDR ℜ+(FFP32)||ℜ+(FFP32)→FFP32 

MULR ℜ×(FFP32)||ℜ×(FFP32)→FFP32 
RECIP1* ≈141⁄FFP32→FFP32 
RECIP2* ≈241⁄FFP32→FFP32 
RSQRT1* ≈151/√ FFP32→FFP32 
RSQRT2* ≈241/√ FFP32→FFP32 
CVT.PS.PW FS32→FFP32 

CVT.PW.PS FFP32→FS32 

CABS bv(|FFP32|{{0,?,<,>,=}}|FFP32|)→cc[i..i+1] 

BC1ANY2F branch if (cci==0|cci+1==0)  

BC1ANY2T branch if (cci==1|cci+1==1) 

BC1ANY4F branch if (cci==0|cci+1==0|cci+2==0|cci+3==0) 

BC1ANY4T branch if (cci==1|cci+1==1|cci+2==1|cci+3==1) 
Source: Radhika Thekkath, Mike Uhler, Chandlee Harrell, Ying-wai Ho, 
“ An Architecture Extension for Efficient Geometery Processing,”  
Proceedings of Hot Chips 11, August 15-17, 1999, pg. 263-274 
“ MIPS-3D ASE Product Brief” , MIPS 
*RECIP1/2 and RSQRT1/2 precisions are estimates based on other 
architectures and the claim of full precision (24 mantissa bits) after the 
second step in each case 
 
 
 
 
MIPS MIPS-V Functionality 
ABS.PS |FFP32|→FFP32 

ADD.PS FFP32+FFP32→FFP32 

ALNV.PS (F8||F8)[R[0..2]..R[0..2]+7]→F 
C.cond.PS if(FFP32[i]{{0,?,<,>,=}}FFP32[i])→cc[i] 
CVT.PS.S F•FP32||F•FP32→FFP32 

CVT.S.PL L(FFP32)→F•FP32 

CVT.S.PU U(FFP32)→F•FP32 
LUXC1 load doubleword indexed unaligned 

MADD.PS (FFP32×FFP32)+FFP32→FFP32 
MOV.PS F→F 
MOVF.PS if(!cci) FFP32[0]→FFP32, if(!cci+1) FFP32[1]→FFP32 
MOVT.PS if(cci) FFP32[0]→FFP32, if(cci+1) FFP32[1]→FFP32 
MSUB.PS (FFP32×FFP32)−FFP32→FFP32 
MUL.PS (FFP32×FFP32)→FFP32 
NEG.PS −FFP32→FFP32 
NMADD.PS −((FFP32×FFP32)+FFP32)→FFP32 
NMSUB.PS −((FFP32×FFP32)−FFP32)→FFP32 
PLL.PS L(F32)||L(F32)→F32 

PLU.PS L(F32)||U(F32)→F32 
PUL.PS U(F32)||L(F32)→F32 
PUU.PS U(F32)||U(F32)→F32 
SUB.PS FFP32−FFP32→FFP32 
SUXC1 store doubleword indexed unaligned 
Source: MIPS V Instruction Set Rev 1.0, 
MIPS Extension for Digital Media with 3D, March 12, 1997 
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Motorola AltiVec Functionality 
DSS data stream stop 

DSSALL data stream stop all 

DST data stream touch 

DSTT data stream touch transient 

DSTST data stream touch for store 

DSTSTT data stream touch for store transient 

LVEBX mem8→V8[addr3..0], addr = R + R 
LVEHX mem16→V16[addr2..0], addr = R + R 
LVEWX mem32→V32[addr1..0], addr = R + R 
LVSL ƒ(R+R)→V 
LVSR ƒ(R+R)→V 
LVX mem128→V (forces alignment) 
LVXL mem128→V (forces alignment), transient 
MFVSCR move from vector status/control register 

MTVSCR move to vector status/control register 

STVEBX V8[addr3..0]→mem8, addr = R + R 
STVEHX V16[addr2..0]→mem16, addr = R + R 
STVEWX V32[addr1..0]→mem32, addr = R + R 
STVX V→mem128 (forced alignment) 
STVXL V→mem128 (forced alignment), transient 
VADDCUW C(V32+V32)→V32 

VADDFP VFP32+VFP32→VFP32 
VADDSBS VS8+VS8⇒VS8 

VADDSHS VS16+VS16⇒VS16 
VADDSWS VS32+VS32⇒VS32 
VADDUBM VU8+VU8→VU8 
VADDUBS VU8+VU8⇒VU8 
VADDUHM VU16+VU16→VU16 
VADDUHS VU16+VU16⇒VU16 
VADDUWM VU32+VU32→VU32 
VADDUWS VU32+VU32⇒VU32 
VAND V&V→V 
VANDC !V&V→V 
VAVGSB VS8ΛVS8→VS8 

VAVGSH VS16ΛVS16→VS16 
VAVGSW VS32ΛVS32→VS32 
VAVGUB VU8ΛVU8→VU8 
VAVGUH VU16ΛVU16→VU16 
VAVGUW VU32ΛVU32→VU32 
VCFSX VS32>>imm5→VFP32 

VCFUX VU32>>imm5→VFP32 
VCMPBFP bv(VFP32<>VFP32)→V32 

VCMPBFP. bv(VFP32<>VFP32)→V32, set CR6 bits 
VCMPEQFP m(VFP32==VFP32)→V32 
VCMPEQFP. m(VFP32==VFP32)→V32, set CR6 bits 
VCMPEQUB m(VU8==VU8)→V8 
VCMPEQUB. m(VU8==VU8)→V8, set CR6 bits 
VCMPEQUH m(VU16==VU16)→V16 
VCMPEQUH. m(VU16==VU16)→V16, set CR6 bits 
VCMPEQUW m(VU32==VU32)→V32 
VCMPEQUW. m(VU32==VU32)→V32, set CR6 bits 
VCMPGEFP m(VFP32>VFP32)→V32 
VCMPGEFP. m(VFP32>VFP32)→V32, set CR6 bits 
VCMPGTFP m(VFP32>VFP32)→V32 
VCMPGTFP. m(VFP32>VFP32)→V32, set CR6 bits 
VCMPGTSB m(VS8>VS8)→V8 
VCMPGTSB. m(VS8>VS8)→V8, set CR6 bits 
VCMPGTSH m(VS16>VS16)→V16 
VCMPGTSH. m(VS16>VS16)→V16, set CR6 bits 
VCMPGTSW m(VS32>VS32)→V32 
VCMPGTSW. m(VS32>VS32)→V32, set CR6 bits 
VCMPGTUB m(VU8>VU8)→V8 
VCMPGTUB. m(VU8>VU8)→V8, set CR6 bits 
VCMPGTUH m(VU16>VU16)→V16 

VCMPGTUH. m(VU16>VU16)→V16, set CR6 bits 
VCMPGTUW m(VU32>VU32)→V32 
VCMPGTUW. m(VU32>VU32)→V32, set CR6 bits 
VCTSXS VFP32×(1<<imm5)⇒VS32 

VCTUXS VFP32×(1<<imm5)⇒VU32 
VEXPTEFP ≈12exp2(VFP32)→VFP32 

VLOGEFP ≈12log2(VFP32)→VFP32 

VMADDFP (VFP32×VFP32)+VFP32→VFP32 

VMAXFP VFP32,VFP32→VFP32 
VMAXSB VS8,VS8→VS8 
VMAXSH VS16,VS16→VS16 
VMAXSW VS32,VS32→VS32 
VMAXUB VU8,VU8→VU8 
VMAXUH VU16,VU16→VU16 
VMAXUW VU32,VU32→VU32 
VMHADDSHS U16(VS16×VS16)+VS16⇒VS16 

VMHRADDSHS U16((VS16×VS16))+VS16⇒VS16 
VMINFP VFP32,VFP32→VFP32 
VMINSB VS8,VS8→VS8 
VMINSH VS16,VS16→VS16 
VMINSW VS32,VS32→VS32 
VMINUB VU8,VU8→VU8 
VMINUH VU16,VU16→VU16 
VMINUW VU32,VU32→VU32 
VMLADDUHM L16(VS16×VS16)+VS16→VS16 
VMRGHB U(V8)∧∨U(V8)→V 
VMRGHH U(V16)∧∨U(V16)→V 
VMRGHW U(V32)∧∨U(V32)→V 
VMRGLB L(V8)∧∨L(V8)→V 
VMRGLH L(V16)∧∨L(V16)→V 
VMRGLW L(V32)∧∨L(V32)→V 
VMSUMMBM ℜ+(VU8×VS8)+VS32→VS32 

VMSUMSHM ℜ+(VS16×VS16)+VS32→VS32 
VMSUMSHS ℜ+(VS16×VS16)+VS32⇒VS32 
VMSUMUBM ℜ+(VU8×VU8)+VU32→VU32 
VMSUMUHM ℜ+(VU16×VU16)+VU32→VU32 
VMSUMUHS ℜ+(VU16×VU16)+VU32⇒VU32 
VMULESB E(VS8)×E(VS8)→VS16 

VMULESH E(VS16)×E(VS16)→VS32 
VMULEUB E(VU8)×E(VU8)→VU16 
VMULEUH E(VU16)×E(VU16)→VU32 
VMULOSB O(VS8)×O(VS8)→VS16 
VMULOSH O(VS16)×O(VS16)→VS32 
VMULOUB O(VU8)×O(VU8)→VU16 
VMULOUH O(VU16)×O(VU16)→VU32 
VNMSUBFP −((VFP32×VFP32)−VFP32)→VFP32 

VNOR !(V|V)→V 
VOR V|V→V 
VPERM (V8||V8)[VU8]→V8[i] 
VPKPX (V||V)→Vpixel 

VPKSHSS (VS16||VS16)⇒VS8 

VPKSHUS (VS16||VS16)⇒VU8 
VPKSWSS (VS32||VS32)⇒VS16 
VPKSWUS (VS32||VS32)⇒VU16 
VPKUHUM (VU16||VU16)→VU8 
VPKUHUS (VU16||VU16)⇒VU8 
VPKUWUM (VU32||VU32)→VU16 
VPKUWUS (VU32||VU32)⇒VU16 
VREFP ≈121⁄VFP32→VFP32 

VRFIM (VFP32)→VFP32 

VRFIN (VFP32)→VFP32 

VRFIP (VFP32)→VFP32 

VRFIZ ∅(VFP32)→VFP32 

VRLB V8〈〈→V8 
VRLH V16〈〈→V16 
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VRLW V32〈〈→V32 
VRSQRTEFP ≈121/√VFP32→VFP32 

VSEL (Vi==1)?Vi:Vi→Vi 

VSL V<<V[0..2]→V 
VSLB V8<<V[0..2]→V8 

VSLDOI (V8||V8)[imm4+15..imm4]→V 
VSLH V16<<V[0..3]→V16 

VSLO V<<V[6..3]||000→V 
VSLW V16<<V[0..4]→V16 

VSPLTB V8[immU5]→V8[i] 
VSPLTH V16[immU5]→V16[i] 
VSPLTISB immS8→VS8[i] 
VSPLTISH immS16→VS16[i] 
VSPLTISW immS32→VS32[i] 
VSPLTW V32[immU5]→V32[i] 
VSR V>>V[0..2]→V 
VSRAB VS8>>V[0..2]→VS8 
VSRAH VS16>>V[0..3]→VS16 
VSRAW VS32>>V[0..4]→VS32 
VSRB V8>>V[0..2]→V8 
VSRH V16>>V[0..2]→V16 
VSRO V8>>V[6..3]000→V8 
VSRW V32>>V[0..4]→V32 
VSUBCUW !C(VU32−VU32)→V32 

VSUBFP VFP32−VFP32→VFP32 

VSUBSBS VS8−VS8⇒VS8 
VSUBSHS VS16−VS16⇒VS16 
VSUBSWS VS32−VS32⇒VS32 
VSUBUBM VU8−VU8→VU8 
VSUBUBS VU8−VU8⇒VU8 
VSUBUHM VU16−VU16→VU16 
VSUBUHS VU16−VU16⇒VU16 
VSUBUWM VU32−VU32→VU32 
VSUBUWS VU32−VU32⇒VU32 
VSUMSWS ℜ+(VS32)+V•S32⇒VS32 

VSUM2SWS ℜ+(VS32)+E(VS32)⇒E(VS32) 
VSUM4SBS ℜ+(VS8)+VS32⇒VS32 

VSUM4SHS ℜ+(VS16)+VS32⇒VS32 

VUPKHPX U(Vpixel)→V32 

VUPKHSB U(VS8)→VS16 

VUPKHSH U(VS16)→VS32 

VUPKLPX L(Vpixel)→V32 

VUPKLSB L(VS8)→VS16 

VUPKLSH L(VS16)→VS16 

VXOR V⊕V→V 
Source: “ AltiVec Technology Programming Environments Manual,”  Rev. 
0.1, 11/1998 
 
Sun VIS Functionality 
RDASR read graphics status register (GSR) 

WRASR write graphics status register (GSR) 

FPADD16 F16+F16→F16 

FPADD16S L(F16+F16)→F16 
FPADD32 F32+F32→F32 

FPADD32S L(F32+F32)→F32 

FPSUB16 F16−F16→F16 

FPSUB16S L(F16−F16)→F16 
FPSUB32 F32−F32→F32 

FPSUB32S L(F32−F32)→F32 
FPACK16 (F16<<GSR_SCALE)[15+GSR_SCALE..7]⇒FU8 

FPACK32 (F32<<GSR_SCALE)[31+GSR_SCALE..22]⇒(FU8<<8) 
FPACKFIX (F32<<GSR_SCALE)[31+GSR_SCALE..15]⇒FS16 

FEXPAND FU16→FU32 

FPMERGE F8∧∨F8→F8 

FMUL8X16 ((L(FU8)×FS16))[7..23]→FS16 

FMUL8X16AU ((L(FU8)×FS16[1]))[7..23]→FS16 
FMUL8X16AL ((L(FU8)×FS16[0]))[7..23]→FS16 
FMUL8SUX16 ((U8(F16)×FS16)[7..23]→FS16 
FMUL8ULX16 (~32(L8(F16)×FS16))[31..16]→FS16 
FMULD8SUX16 ((U8(L(F16))×FS16)[7..23]→FS16 
FMULD8ULX16 (~32(L8(L(F16))×FS16))→FS16 
ALIGNADDR (R+R) [63..3]||000→R, (R+R)[2..0]→GSR_ALIGN 
ALIGNADDRL (R+R) [63..3]||000→R, −(R+R)[2..0]→GSR_ALIGN 
FALIGNDATA (F8||F8) 〈〈8*GSR_ALIGN→F 
FZERO 0→F63..0 

FZEROS 0→F31..0 

FONE 1→F63..0 

FONES 1→F31..0 

FSRC1 F→F 
FSRC1S F31..0→F31..0 

FSRC2 F→F 
FSRC2S F31..0→F31..0 
FNOT1 !F→F 
FNOT1S !F31..0→F31..0 

FNOT2 !F→F 
FNOT2S !F31..0→F31..0 

FOR F|F→F 
FORS (F|F)31..0→F31..0 

FNOR !(F|F)→F 
FNORS !(F|F)31..0→F31..0 

FAND F&F→F 
FANDS (F&F)31..0→F31..0 

FNAND !(F&F)→F 
FNANDS !(F&F)31..0→F31..0 

FXOR F⊕F→F 
FXORS (F⊕F)31..0→F31..0 

FXNOR !(F⊕F)→F 
FXNORS !(F⊕F)31..0→F31..0 

FORNOT1 !F|F→F 
FORNOT1S (!F|F)31..0→F31..0 

FORNOT2 (F|!F)→F 
FORNOT2S (F|!F)31..0→F31..0 

FANDNOT1 (!F&F)→F 
FANDNOT1S (!F&F)31..0→F31..0 

FANDNOT2 (F&!F)→F 
FANDNOT2S (F&!F)31..0→F31..0 

FCMPGT16 bv(FS16>FS16)→R[3..0] 

FCMPGT32 bv(FS32>FS32)→R[1..0] 
FCMPLE16 bv(FS16<FS16)→R[3..0] 

FCMPLE32 bv(FS32<FS32)→R[1..0] 
FCMPNE16 bv(F16!=F16)→R[3..0] 

FCMPNE32 bv(F32!=F32)→R[1..0] 
FCMPEQ16 bv(F16==F16)→R[3..0] 

FCMPEQ32 bv(F32==F32)→R[1..0] 
EDGE8 m(R,R)→R partial store mask for F8 

EDGE8L m(R,R)→R partial store mask for F8 (little endian) 
EDGE16 m(R,R)→R partial store mask for F16 

EDGE16L m(R,R)→R partial store mask for F16 (little endian) 
EDGE32 m(R,R)→R partial store mask for F32 

EDGE32L m(R,R)→R partial store mask for F32 (little endian) 
PDIST ℜ+(FU8∇FU8)→ΣR 
ARRAY8 convert 8-bit 3D address to blocked byte address 

ARRAY16 convert 16-bit 3D address to blocked byte address 

ARRAY32 convert 32-bit 3D address to blocked byte address 

STDA partial store 
scalar store (8/16 bit) for big/little endian 
64-byte block store for big/little endian 

LDDA scalar load (8/16 bit) for big/little endian 
64-byte block load for big/little endian  
atomic quad load 

Source: UltraSPARC IIi User’s Manual, October 1997 
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Register Types 
[Register Type][DataType] 

Register Types 
R integer register 
F floating point register 
V vector register 
A accumulator register 
cci condition code register bit i 
mem  memory 
immk k-bit immediate value 
∂ implicit register 
Data Types 
U unsigned integer 
S signed integer 
FP floating point 
pixel  32-bit pixel format (AltiVec) 
k partition size in bits 
• scalar value (assume vector) 
 
Data Communication 
[x..y] bits x through y 
I immediate value 
→ modulo result 
⇒ saturated result 
[i] for each byte 
|| concatenate 
∧∨ interleave 
〈〈k rotate k bytes left 
〉〉k  rotate k bytes right 
ℵ exchange elements  
ƒ() partial permute function 
 
Control Flow 
 magnitude 
== equal 
bv bit vector 
m mask 
{} set of allowed comparisons 
{{}} arbitrary combinations of comparisons 
< less than 
> greater than  
? ordered 
<> bounds 
< less than or equal 
> greater than or equal 
0 vector of zeros 
br branch 
 
Width/Type Conversion 
|| concatenate 
 round up (to +∞) 
 round to nearest (even) 
 round to nearest (away from zero) 
 round down (to −∞) 
∅ round to zero (truncate) 
L low half of bytes 
U upper half of bytes 

 

Arithmetic 
+ add 
− subtract 
× multiply 
⊗ multiply by sign 
√ square root 
÷ division 
/ reciprocal 
≈k approximate to k-bits 
≈k1 first iter. Newton-Raphson 
≈k2 second iter. Newton-Raphson 
log2 base-2 logarithm 
exp2 2 raised to the power 
Σ positive accumulate 
Σ negative accumulate 
  maximum 
  minimum 
ℜ+ additive reduction 
ℜ− subtractive reduction 
ℜ× multiplicative reduction 
  absolute value 
! negate 
>> right arithmetic shift 
>> right logical shift 
<< left (logical) shift 
| or 
& and 
⊕ exclusive or 
! not 
0… zero fill 
1… one fill 
Lk lower k bits 
Uk upper k bits 
 round to nearest integer 
C carry out 
E even values 
O odd values 
Λ average 
∇ sum of abs differences 
→ assignment/modulo result 
⇒ saturated result 
〉〉k rotate k bits right 
〈〈k rotate k bits left 
~k sign extend to k bits 
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