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) AGAFX GRPELARE (2020 4 6 H BT E)
L] ARM® Architecture Reference Manual (ARMv8, ARMv8.1, ARMvS.2, ARMvS.3)
° ARMP® Architecture Reference Manual Supplement The Scalable Vector Extension

Typographical and Notational Conventions
AFECBT IR ZUTICE LD D,
Tk v 7 IRiL
TRV 77Dy VXY 7 AL ARM® Architecture Reference Manual (BA T,  ARM Manual)
ICHERLL . 9T Consolas 2» /N FE Ttk ¥ 3,
AR
A DRECIFFEAMIC ARM Manual ICHEHLL | Times New Roman, 2> KX F TRk 3
%, 7272L. mAREE AT vy —ERDA Cambria TRRik T 2., T, EEOGEE
IN—T L LCRBT 2720 ICIERERBO XS o v b O RHEHZEBAT 5,
A OERMEGLIIUTO®EY &35,
* TARY Ay EROXFIICRME N2, B 0oXFIEET,
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fand}  H—y—755 9 ()} WD | (34 7) TRYULAEIXFIIDS B, wFhp12
SN D, | DRIRICFHNA 72\ & & 13 Null SFEH %2 K HL
33,
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MEBOHKRTEANTE RS0 DH 5, HlxiE. ADD fir4 i< iZ Base Instruction I JE S
% ADD (extended register), ADD (immediate), ADD (shifted register), SIMD&FP IZJ&3 %
ADD (vector), SVE IZJ&3 % ADD (immediate). ADD (vectors, predicated). ADD (vectors,
unpredicated) @ 7 M FVELET 5, TNDDMHERILT %5513 ARM Manual IZHE> T

() TIERfid %, F7-. Base Instructions ICJE 3 % ADD i R T2 EXTHEICIT ADD
(base) D X 3 ICX5r4 (class) ZHWTKFLT 2,
Variant &i¢
”“VWIT@ﬁéﬁwi\mn@ﬁﬁ@i#uT ai bBEING, Fic,
SIMD&FP, SVE i XAl — D HTH Y b d, 7—2BIL>THhA—=Fy 27D

BEe A L —v a VEDIKER <?§&5%@ﬁ>f7_?—5 Z D7, MHEICG LT Variant
DIEHIZINT %, Variant (I T IR T L 5 IC@MHRELOBAIC - (A~ 7 V) ZEE.
Bl CRliR 9 2, Variant DRFLIIMADOXIMIC L o TRAE 22, FHHlE L<F—xMERK
FTLYRXKGLE LT3,
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Base instruction : ADD (immediate) - W

SIMD&FP instruction : FADD (scalar) - [HS]
FADD (vector) - {8B|16B}

SVE instruction : ADD (immediate) - [SD]

Terminology
fir4r (Instruction)

ARMvS Manual C6.2 Z [ Alphabetical list of A64 base instructions |, ¥ X U8 SVE Manual 5
#= [ SVE Instruction Set] 1CF W TER X LT\ 21 & D Instruction Z$HE 3. ARMvS
Manual & RIS DR (form) DiEWF () KL TEAT 2, mp R 0iE W% X7
LZawgald, EidofmaXaRidicits7T () 75_’%‘51%3‘ 5. ¥R AKRLEAY
%, Tz, uOP A L FURIICXG T 2 ER D 2 5HICIE T —F 7 7 F v LRI T
%,
nOP 54 (nOP instruction)
Tuey I XY Fa—FInimhoEXeiET, BRI T o ey y0T v b - A
T F—XFETT VTR, TRCOEEE pOP i e LTHD RS,
BEE @4 (Integer instruction)
ARMvS Manual (T A64 Base Instruction & L CEZREI N2 ma % T, FICEEEZ K
5Tl OARETIIERGS LIRS 5,
SIMD&FP 4 (SIMD&FP instruction)

ARMvS Manual (€ T A64 Advanced SIMD and Floating-point Instruction & L CE#E X L5
e ZET,
SVE 14> (SVE instruction)
SVE Manual IC CERI Lo Hxiid,
Variant

F—fACTLYRE - FAX, REEHRDHZVDT—X - ﬁ%x%@ﬁhifgéu
EDOKRECTH %, Variant [FMHOXG T LICHE LR TERSREAR 2 Z LICERL AT
bR\,

FER A A 11 32-bit variant & 64-bit variant 235 D | variant Kl TIFZNZ N W, X &
%,

SIMD&FP iy i iZL Y A X « A4 XZ Db DERTbD L, BRIV DT—X - ¥
AX%RKTHO0H 5, #HlxlE. FADD (scalar) ® Variant (FL Y A X « 4 X%IRL,
FADD (vector) @ Variant I3EFZEHZ VDT —% - F4 X%RL T3

SVE @ ClHEHEOER D72V DT =X - F A4 XL XAEY - TI/RRA-HF 4 X%k Zh
ZRMLLCIRETE 2, 207, HEDOT —X « ¥4 X variant % esize, AEY 7
7R« YA X% memsize & L THKIHT %,

a4 & SIMD&FP i 4 D esize & memsize O variant [ZFEARIVICIT—EL T % 23,
EB L h—HICEKRT 5255113 esize. memsize ZHEE T 5,

Vector Length (VL)

SVE Manual I CTEFK I N T\ 5 Vector Length Z Db D% 5T, ARFE T Vector Length

I3 bit BT TRBLT 2,
RZMVT—2R

SIMD&FP i & SVE i B I ML Y RE - ¥4 X, 7213, A€ - T2 %2R

DY A4 XD TH 5,
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Element £

SIMD&FP fiv4r & SVE e BT 527 b v« T — X K% esize. %721 memsize THi

L7zB%iET., bbb, X2 ML - F—2NOERKICHYT 3,
HEMR

MADANA =TV FEHNA =T Y FBRA—DL YR X - 77 4 VL T b4
PiET, BHiEE, MEEE, vy FMEEOMS R EREY T 5, AETIE MOV 4R
EDWLEMA b EL, 7277 L, AEFETREARZLYZRX - 77 A ARBlICE T SRk aid
HEGSE L Tlfbiv,

u—F/ 2 TRs

ARV EMPOLLYRRICT -2 2 mEET 2% — Fad, LY RXZXpLAE®YE
MicTF— 2 %ET 2Mma%2 A P Twmhed 5,

WRT 4 Ay F

Fa—AhbYHFR—ay AF—vaviiAL—vav - 7u—%EYYTIH
fEch %,

RFEAT

VHFR—vay  RAT7—vaVprbERT A 774 Vit —vay - 7e—zHA

T52&THB,
EITET

T—F%77F ¥fd, pOP iy, AL —vav - 70 —DETHET LIRELR

T, EEREOTET 28T
eIy b

T—F77F @R ETRET L. 2OoREREZHEEL Yrevy DT —F77F

¥ ATAPEREHFT LI TH D, RETRETT T LHMEICXHIL TREAT 5,
AL —vayv 70— ARL—Yav - IR}

WOP M2 RITT 270D 4 774 vOEHEZ Db DRIET, Ty Fidt <L —
vav - 7u—%fliAHbe T uOP Rk ETT 5, = Fv o TERZHEE T 2 &m0
ROBENMNTH D, 72, pOPMHDO LI ICHILT—F T 7 F v adh OiRELZWELRT
Tk, Frvva - TI7APLAEY « T/ RAOUHMBPM SRS, AL —v =
y-7u~a%&v~yav-U&l%b@%%&E%i&mﬁ 7 v — QAT L ET

WKWEHT 2L EIC, ARL—vav - V7R MERRTIHBELED L, kb, b
7w — VTR PICEBKRELINIGHGRD 5,
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1.

T C®HIC

1.1.  A64FX 7u & v H DfsE

AG4FX 7' m & v ¥ (LA, A64FX & ki3 %) Id High Performance Computing (HPC) [} IC#%
X 71, ARMvVS-A architecture profile, ¥ & U Scalable Vector Extension for ARMvS-A ICH#EHLL 72 7
T AT A FEFRA-N—2 DT - Ty P THDL, TRy FITIEITEED
2Mffo7axyH - a7, HBM2ICHIGL7ZAEY - av ba—F, TofuDAf vX—a*x2 b
Da vt wr—7, PCl-Express Gen3 WG —F - av 7Ly 7 22 8L CTw 3,

A64FX [T HPC [ J IS W D DRI 2T —F 7 7 F » AL T %,

Scalable Vector Extension
A64FX X ARM fiidrt v P 7 —F 7 27 F ¥ DX F AYLRTH % Scalable Vector Extension
(SVE) %R —F 3%, SVE st v F & LT 2,048 bits £ TD Vector Length 23 EFH X LT
5—FHT, »—F 7 xTICHEEET % Vector Length 1% 128 bits DfFED HEIRTE 5 2 & BFiH L
35, A64FX Tl 128/256 /512 bits D Vector Length %K —+F 3,

Core Memory Group
AGAFX ZZOWIC B 7oy ¥ - a7 Mz L7ZL2F vy a, MZLAAED - 2
v b A —7%57% % Core Memory Group (CMG) &FEIZN2 7V —T %D, TrtvyHiddo
D CMG #£§H . CMG [# 1% Non-Uniform Memory Access (NUMA) WK CTH %, YA £ ) ZE4[H
BENEFNDEINTEY, Frvia-ab—LVyRE " —Fyz7icko THERICHEITFE

%0

IR eFryia
v vy a2k way B CIRIEMICHEI L, R L L CHEHATE 28R EE T % 2¥RET
BB, 70T LF2TY - TPLARZGEHAT L CHEBARTETE S, L1 ¥y vy 2034
7R I2F ¥ v ali2 s 2R 25 A—THoTwa,

N—=F YT - NYT
V7 o x2T7DFaRR, £203AL Y FRIORAZ A A—F Y 2 7 THFR— T 2HEETH
5, COBREICX D, XAEY - TR ETHOTICEYUIERTE 3,

N=FY =T TV T7xzvF - TTRAE
N=F YT - SV T2y FOIRBZEE T ST AL TR e TH B, T T A
Y AT ALY RZEZTE  TRLAZHGWTA—F7 2707 ) 7 =y FHEBICERE S 2
LT EMTE S,

12
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1.2.

High Bandwidth Memory

A A4 v A% Y IT High Bandwidth Memory Gen2 (HBM2) #4%H L. JEHICE W A € Y HiE % 12

L Ttw 3,

AGAFX 7' ua k& v % DT

AGAFX 7' vt v ¥ DERFEICE Table 1-1 IC/RT,

Table 1-1 A64FX Processor Specifications

Specification

Number of processor cores

52 (13 cores / CMG)

Number of CMGs

4

L1I cache size

64 KiB / 4-way

L1D cache size

64 KiB / 4-way

L2 cache size

32 MiB / 16-way (8 MiB / CMG)

Cache-line size

256 bytes

Memory controller

4 (1 MAC / CMG)

Interconnect

Tofu-D

/0

PCI-Express Gen3 16 Lanes

Instruction set architecture

ARMvVS-A, ARMvS.1, ARMv8.2, ARMv8.3 “V, SVE

SVE-implemented Vector Length

128 /256 /512 bits

(*1) ARMVS.3 supports only complex-number supported instructions.

A64FX Microarchitecture Manual 1.0 13



1.3. AGAFX 7mtkvHo7a vy

AGAFX 7oty ¥ - Fv 7 LOFELRERET 0 v 7 % Figure 1-1 12, %70 v 7 OFIR & HRE
2=y b & OMIGER % Table 1-2 ISR T,

Core
Icc PCle
MAC MAC
L2 L2
- T -
RT
[
L2 L2
MAC MAC
1
]

Figure 1-1 Main Functional Blocks on A64FX Processor Chip

Table 1-2 Correspondence Between Processor Chip Block Markings and Functional Units

Block Marking in Figure Functional Unit

Core Processor core

L2 L2 cache

1CC Tofu-D interconnect controller
PCle PCI-Express Gen3 root complex
RT Routing controller between CMGs
MAC Memory controller

GIC Interrupt controller

14 A64FX Microarchitecture Manual 1.0



2.

TI9b e AT o F—K T —F7
7 F ¥

2.1.

ARBETITAMFX 70ty ¥ - aTOREANET —F7 7 F ¥ IO THHT %,

— = 5}
T—%77F v E
AGAFX DIERM I XA 75 4 v & AT — Y DWE % Figure 2-1 IC/R T, AG4FX IIKE L 5D
DOHRER T —VIChIJ 2 Z LN TE B,

! |
L1I cache Branch

64KiB, 4-way predicter
l Instruction fetch
32 Bytes
stage

Instruction Buffer
8 insts. x 6 entries

6 insts.

=) ¢—

Decoder
Decode stage

4op-flow

[ | | ] N | |
RSEO RSE1 RSA0 RSA1 RSBR
20 entries 20 entries 10 entries 10 entries 19 entries

— [

—@

; FLA ; PR EXA ; FLB ; EXB EAGA EAGB

Execution stage
Load / Store Unit
Store data SP FP
24 entries || 40 entries
Load / store
2 loads xor 1 store stagc
— |
PPR FPR GPR L1D cache CSE
64 KiB, 4-way 128 entries

48 entries 128 entries 96 entries
i i i | | M. s, commi
Commlt stage
L 2

Figure 2-1 Overall Illustration of Stages

iy 7 = v F + A7 — (Instruction fetch stage)
a7 = v FORIHE Y 2 — b MK

fin
LIl ¥ ¥ v & =, LI-ITLB, L2-ITLB. 4V,

NG, 72y F 22y PILIIFrvy v yadrbmASMOEEIFICZ oy F 52 &8

T% 35,
1 2 ® Taken 73
(IBUFF) I —HKfICfRIFE NG,

TSI DWW T E PRI 5, 7 = v F X N7-4v4 1 Instruction Buffer

ST 1 A 7BV RK 4 DDFIEM AT O T mE FHL, &K

A64FX Microarchitecture Manual 1.0
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73— F « A7 — (Decode stage)

IBUFF 225 | %4 7 v 7z Y #H Tk 4 fr. MOVPRFX ir i 2 &8 & ¥ I3 K 6 frdy
. LCTa—FEfTH, BFLAT—F7 7 F v 3N aa A cd % popr dr4ric
Ta—FaNd, HRAWCT1 20T —=F 77 F v 1 2D uOP iy F IR X L5 23,
BARL—YavEET LT —F7 7 F v HIIEEO poP e m it i s, —H T,
MOVPRFX fir 4 i3 (& Hfidr 4 & Pack W S L, H7200d 1 DDT —F T 7 F ¥ HTH 0D
IricTa—FaIns, 7a—-FInNZpOP@aRidf v - A—XicA<1L—vav -7t
LTIV FR—=vay - AT—vavilT4 Ay FEN3B,

FAITAT — (Execution stage)

FEITANATIA VDTN —FTLIL5OD)FR—vay - RF—ay (RS) NEEINT
W3, RSICF 4 ANy FEINEARL—Yay - 7B—([ZRSICL-2TAT Va—) v I/X
N, TUL AT F—=XTHTIND, BITNATTAVIERDOAAL T4 v OREREN
%, FICHBUHE 1T 5 BEGHE R 4 75 4 v (EXA/EXB), SIMD&FP. SVE fir4 D& %
79 1F B/ NS R R X4 75 4~ (FLA/FLB). Predicate iy 4y D E % 1T 9 Predicate {5 % ¥
4774 PR, B—F/ AFT@MHDT FLAERE —BOBEEE 1T 7 F L AEHEAER
A FF 4 v (BAGA/EAGB). 7Dz FITT 20 FET AT 74 v ThH B,

0—F/ X F7 + A7 — (Load/ store stage)

LID ¥ % v ¥ 2, LI-DTLB, L2-DTLB, 2&K®u—F /A7 - N4 754 v R E N3,
T FLRABERSA T IA4 v iZu—F /AT - A T4 vicEERAEINTWE, a—F )/
AT XA T4 VEFREIC2OoD0—F c FRL—vav - Ta—, F2E1ODAMT -
F_L—vav.7a—%ETTEDB,

23y b+ X7 —Y (Commit stage)
EITHEROGISMETZ., TR ROMWZR R EMm SO THEEIT 5o FEITHTET L7z poP
MHEA Y A —FTaiyrand, T—F77F v el 22TO pOP s A= 3
YET2LTRRY DT —FTIF v - ATA T EEHTE, 1 VA I AEVRK4DOD
pOP 5% 2 I v FA[RETH 5,

2.2. <A 708« AL —> 3 Vigh

AGAFX T T —F 7 7 F IR TmaERchds~4 270 - AL —v 3 vigdh (uOP iy
M IKTa—FINnd, pOP @I —F Y =7 OMARTIGEL 2@ hHiichd 5, LT
— %77 F v IIEE O pOP IR I NDE, —H T, A= F V2 TOF L —vavic
WICRB X HIC, W DODPDT—F77F ¥ifid1 20 uOP M ICHEEI NG, T—F7
7 F v tn ORI R IEIE v A Ty v —EHRICEHI LT B
10@7—#%7%«mn#620ui@mmmﬁ:A%énéfz—Fum\%@%t?:
—Fe, TA4ANyF, aivih, BLWY) Y -RE VY CICHIBEHZ —F vy v -T2
—FO2EHELEH L, =T vyl Ta—FTTa—FEINI»EPRETa—-FLOT7 —F
TIF v Lo T %,
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2.3.

2.4.

T TV 72T, Frvia-

AL —T gy T7H—

d_L—Yav - T7a—3 0P S EETT 2 -00nEEEZzObOTH Y, Eirz vy
VORATTA VIO R/NENLTH B, pOP AR L —va v - Tr—DffisfHbEic X
S>THEITENDE, 2FY, ETAT—Vem—F /R 7 - A7 =V OUUREIZ T TAHRL
—vayv -7a—Thb, POPMHET Aa—F 06 FR—va v - AT —va VILT 4 Ay
FEINDELEICARL—vay - 7a—lEflang, . AL —vav - 7 —3HIC
HOP A R DIREM T, »N—F UV 27 HBARBNICERT 200050, Hli, »—Fv=
TADMED D DF L —ay - 7 =R ETH B,

TN A7 A=KV —X

THETULE  F T F—FETODHDY Y — R L ZFDE % Table 2-1 IR T,

Table 2-1 Out-of-Order Resources

Resource Quantity of Resource
Commit Stack Entry (CSE) 128 entries
Group ID (GID) 32 entries
Architecture register 32 entries
General-purpose physical register (GPR) |96 entries
Renaming register 64 entries
Architecture register 32 entries
Floating-point physical register (FPR) 128 entries
Renaming register 96 entries
Architecture register 16 entries
Predicate physical register (PPR) 48 entries
Renaming register 32 entries

Reservation Station for EAG (RSA)

10 entries x 2 (split)

Reservation Station for EXE (RSE)

(shared by Integer, SIMD&FP, SVE) 20 entries x 2 (split)
Reservation Station for Branch (RSBR) 19 entries
Temporary Operand Register (TOR) 3 entries

Virtual 160 entries
Fetch Port (FP)

Real 40 entries

Virtual 192 entries
Store Port (SP)

Real 24 entries
Write Buffer (WB) 8 entries

INEFNDY) Y —ZADELBEEIILUTOHEY Th 5,

AG4FX
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Commit Stack Entry (CSE)

TUM - FT =X TCRTENIMHE TS TL - F =XV A—XFT 570D
V—ATHb, T—FT7F vl pOP rpic7 2 —FINTCSED TV + VIicElY
HToihd,

Group ID (GID)

WOP DT 4 ANy F « IV —T%EMT 5 IDTH 5, 1GID H7z Y FK 4 uOP Ay

aREYETHOND,
General-purpose physical register (GPR)

ARM Manual ICEF 2L VAZICEH I B TCONET—FT7F v - LY RX LY %

— IV LY R X OYEINERTH B,
Floating-point physical register (FPR)

ARM Manual IC51F % SIMD&FP L & A X & SVEManual iICEFEX27 AL L YRR
CHYBCTONET—FT727F % - LYRZL Y A=V - LY RAZXOYHINERTD
%,

Predicate physical register (PPR)

ARM Manual iIZBF % Predicate L VA X ICE| Y BTOLNET—FF27F v - LY AR L

V3A—3Iv 27 - LY Z2OYBINERTH 5,
Reservation Station for EAG (RSA)

EAGA/EAGB A 77 A VTRITEINDI AL —v a v « 70— —RICRIF L.

TUbL AT - FA—XTRITT DDAV 2—TFTH b,
Reservation Station for EXE (RSE)

EXA/EXB/FLA/FLB/PR XA 75 4 v CETINE AL —v gy - 7u—%—Ik

WICREFEL, T AT - F—XTCRITTE720DRT Y2 —5ThH b,
Reservation Station for BRanch (RSBR)

S RDOA R =gy - 7a—F—RWICREL, TU R - AT AKX TETT

272DDRT Y 2a—7ThH5,
Temporary Operand Register (TOR)

MHE 72y FRT=IPoTurT0h Y& (PC) DEEFEITRT -V ICH%ET S
TODLYRRTH DL, HARNICIE PCHN D4 & Branch and Link iyfr © & CfEH X 11
%,

Fetch Port (FP)

0—F /AT OETEFEERT 57200) Y —RATH 5, AGAFX Tl Virtual
Fetch Port (VFP) & WXL 2 BREEDSHT 72 ICE A I L7z, VFPICH L T, ARkoMrex 5o
Fetch Port i3 Real Fetch Port (REP) & I3,

Store Port (SP)

AP T OETETF 2 EMT2720DY Y —ATH 5, Fetch Port & [FERIC Virtual

Store Port (VSP) & Real Store Port (RSP) 23% %,
Write Buffer (WB)

IV MEDAPTT—XELID ¥ v v v aBHE AT T, RIS 2D v —

ATH 5,

18
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25, NATITAV AT =Y

T FT7 F—FETICBITEZANL, T TV« AT =IO TEik T35, A7 T4

Ve RT=VRETATTA XD T TA v CETEI NI, HE, n—F /AT

OfERlIck VR B,

TR T ITAVRT =Y DF L — 3 V% Figure 2-2 2* b Figure 2-6 1783, 7ok, X
DAF—IVRILL AL — =2 VONGBRIL Table 2-2 DY TH 3,

Table 2-2 Correspondence Between Pipeline Stage Symbols and Operations

Stage Symbol

Operation

Common to all pipelines

D, DT Instruction decode

P, PT Instruction scheduling

B* Physical register read

C Commit

W, W2 Architecture register update

Specific to operation pipelines

Operation execution

Xn (The number of stages varies depending on the instruction.)
U, UT* Operation result update

EXP Exception judgment

Specific to branch execution pipeline

BS Scheduling

BR Branch direction judgment

BC Branch direction determination

Specific to load/store pipelines

A

Effective address generation

T

Tag and TLB access

M, B, XT, XM, XB

Data access

R, RT*

Result out

W3 - W5

WB write

A64FX Microarchitecture Manual 1.0
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Integer P |PT|Bl1|B2| X | U |UT
C | W|W2

Figure 2-2 Integer Operation Pipeline Stages

112|345 |6 |7 |89 |10|11|12|13 (14 |15|16| 17 [18| 19| 20 | 21 (22|23 |24

SIMD&FP/

SVE P |PT|PT2|PT3|Bl1|B2|X1|X2|X3|X4|[X5|X6|X7|X8|X9|U|UT|UT2

EXP| C | W |[W2

Figure 2-3 SIMD&FP and SVE Operation Pipeline Stages

12|34 |5 |6 7|89 (10|11 12|13 |14
D | DT
Predicate P|PT|PT2| Bl [B2|X1|X2|X3| U |UT
C|W|W2
D | DT
Predicate P |PT|PT2| Bl |B2|XI|X2|X3| U |UT
(update NZCV)
C|W|W2
Figure 2-4 Predicate Operation Pipeline Stages
1 2 3 4 5 (3 7 8 9 (10 | 11 | 12 | 13
D | DT
Unconditional branch BS | BC
C | W
D | DT
Conditional branch BS | BR | BC
C | W
D | DT
P PT | Bl | B2 | X U | UT
Unconditional indirect branch
BS BR | BC
CcC | W
D | DT
P |PT|Bl|B2| X | U |UT
Compare & branch
BS BR | BC
C | W

Figure 2-5 Branch Pipeline Stages
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1234|567 |8|9|10|11]|12|13]|14|15| 16|17 |18|19|20] 21|22
D |DT
P |PT|BI|B2| X
Integer load
A|T|M|B/|R/|RT|RT2|RT3
c|w|w2
D |DT
P | PT | BI | B2
Integer store
P|PT|BI|B2|A| T |M|B|R|RT|RI2|RT3
C | wW/|w2|w3|wa|lws
D |DT
SIMD&FP/SVE P |PTI Bl B2} X
load (short) A|T|M|B|R|RT|RT2|RT3
c|w|w2
D |DT
SIMD&FP/SVE P-|PT Bl B2\ X
load (long) A|T|M|B|XT|XM|XB| R |RT|RT2|RT3
C | w|w2
D |DT
SIMD&FP/SVE P |PTI Bl B2} X
store (short) P |PT|BI|B2|A| T |M|B|R|RT|RT2|RT3
C | w/|w2|w3|wa|lws
D |DT
SIMD&FP/SVE P-|PT Bl B2\ X
store (long) P |PT|BI|B2|A| T |M|B|[XT|XM|XB| R |RT|RT2|RT3
C | W |w2|w3|w4|ws
D |DT
P |PT|BI|B2| X
Predicate load
A|T|M|B|XT|XM|XB| R |RT|RT2|RT3
C|w|w2
D |DT
P | PT | Bl | B2
Predicate store
P|PT|BI|B2|A| T |M|B|XT|XM|XB| R |RT|RT2|RT3
C | W |w2|w3|w4|ws

Figure 2-6 Load/Store Pipeline Stages
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2.6.

2.7.

maETLA T v

MEERTOER AT v id, LA T T4V - AT -V OEEZ T — YV OEEHIE D O F

BT, £7203. v—F/ A7 - 27—V DALY - T2 R ABELOLT 72 RAETDAT —
UHCHREIND, Table2-3 1% 4 774 v e EMBICB I BETREBLE. ETORT—VIC
ONWTELDD, FEMHEDOLATviImSEE /v 7T vy—BicadfizhTnd,

Table 2-3 Execution Start and Completion Stages for Each Instruction in Each Pipeline

Pipeline Instruction Start Stage Completion Stage
EXA/EXB
X Xn

EAGA/EAGB |(Operation instruction only)
FLA/FLB X1 Xn
PR X1 X3

Integer load R
Load / Store SIMD&FP / SVE load A RT3

Predicate load A RT

AFTRARETRTRI Iy MRICAZ Db, RIAETLAT VL LIZER RS20
T ZTIREMET S,

EXA/EXB., EAGA/EAGB, FLA/FLB D& A4 77 4 Vi3, DA <L —¥ 3 vORNEIC
XoTRATF—VRDBELR L7209 Xn EEBL T3,

FRT VL e N[N

FRFG YR NANREE, BEERADF T v FRETRADETREBICKTET S L &, %
M CHERINEE LY 2 X2 2 RAETICHRREMSICET L 2w, ERIMICIE, fido
Table 2-3 ICH B5ET AT — Y DERICRDHDOFIAAT — VPR T L2 X 51254 N R D#%E
BEAREELEINT WS, LaL, EIT4 754 vembollatbeic ko TE_F AT 4 7¢
NARZRCERVEAERD D, 4 T 74 voemSOEEIKET 24 <7 v Foflafbe T
REDZRFAT 4 - F4 7% Table 2-4 ICR T, ROMEMITA LT v FEREKT 2 ara.
FZDART VY EANETEMAEERT,
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Table 2-4 Penalties for Operand Bypass Between pOP Instructions

Consumer EXA [EXB | EAGA / PIPEO EAGB / PIPE1 FLA |FLB PR
=z (Z2(2(2(2|2(F(7|2(2]2(2/2]7]7 2|23
(93 a a (93 (93 a a a
Tl s (5|5 (2|2l g|g|5|5|5|28|S|s||8|8|F
tlelg|ElE|2|2|C|s|ElE|e|2|2|12|2l2(2]2
S1S 12|53 |a|w|B8lE|8 || |ala|B8|8|a|ald
Producer g8 |& 2|12 |lal|lz |8 Z|l<lae|d|<2|<]|8
S |lg|¢g m | o g M| o oo I e I A =%
o | & s | & S |18 |8
£\ SHEEH
= | g
5 | 5
Integer operation 0 1 1 1 1 1 1 1 - 1 1 1 1 1 - -
EXA .
Integer operation 0 | ) ) ) ) ) ) ) ) ) ) ) ) ) I N I
(update NZCV)
Integer operation 1 0 1 1 1 1 1 1 - 1 1 1 1 1 1 - - - -
EXB .
Integer operation 1 0 ) ) ) ) } ) ) ) ) ) ) ) ) ) 7 7 6
(update NZCV)
Integer operation 1 1 0|0 0 0 0110 - 1 1 1 1 1 1 - - - -
Integer load 0 0 010 0 0 010 - 0 0 010 0 0 - - - -
Integer store - - - - - - - - - - - - - - - - - - -
SIMD&FP/SVEload || | | | [ | oo oo o el el
(short)
SIMD&FP/SVEload | | | | | | | | oo oo e lol
EAGA/ |(long)
PIPEO
SIMD&FP/SVE store | ) ) ) ) ) . ) ) ) . ) ) ) ) ) ) ) )
(short)
SIMD&FP/SVE store | ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) )
(long)
Predicate load - - - - - 0 0 - - - - - 0 0 - - 3 3 1
Predicate store - - - - - - - - - - - - - - - - - - -
Integer operation 1 1 1 1 1 1 1 1 - 0 0 010 0 0 - - - -
Integer load 0 0 010 0 0 010 - 0 0 010 0 0 - - - -
Integer store - - - - - - - - - - - - - - - - - - -
SIMD&FP/SVEload || | | | [ | oo oo o el el
(short)
SIMD&FP/SVEload | | | | | | | | oo o oo oo lol
EAGB/ |(long)
PIPEL
SIMD&FP/SVE store | ) ) ) ) ) . ) ) ) . ) ) ) ) ) ) ) )
(short)
SIMD&FP/SVE store | ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) )
(long)
Predicate load - - - - - 0 0 - - - - - 0 0 - - 3 3 1
Predicate store - - - - - - - - - - - - - - - - - - -
PR Predicate operation - - - - - 1 1 - - - - - 1 0 - - 3 3 0
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Consumer EXA [EXB |EAGA / PIPEO EAGB / PIPE1 FLA |FLB PR

Predicate operation
(update NZCV)

SIMD&FP/SVE
operation

SIMD&FP/SVE
operation 515 - - - - - - - - - - - -l -1olole

(update NZCV)
FLA

SVE CMP instruction
(update PR)

SVE CMP instruction
(update NZCV)

SIMD&FP/SVE
operation

FLB

SIMD&FP operation
(update NZCV)

ERFICRFAT 4 - 4 7 iSO, B L OAgil e AJTlox4 774 v ofss
ﬁot‘f{kié 72, W O DOMAETRERDOA T v FCRkF 2> A TE 3, flz

T, BEUHECTIRIHAL YR X L NZCV L P R Z~FRFICH T 2 hhd 3, cot %,
ffw@ﬁﬁ DBPAL I AZDF T v FICkiFT 2L &L, NZCV LY RADFRT v FICIKFET
LEETIE_FAT 4 - A4 7 ADBER L, SVE S I3 HEAWITIFEH/NES L 2 X % & Predicate
LYRXEANART VLTS, 2OLE, ELLD0FRT Y FBREITMSIKET 301X
S TRFALT 4« F A4 7 ADHEKR D, Table 2-4 DEMMAHNICIZART v FOME AL DE
KOWThidl LT3, ASToamafilizZznic/GdT 247 Vv FBATIE RS,

B, FIMAD i iC oW T LDV —MIc YTk ESL T, AT Vv FE2ERT 2G4 X
STRFINT 4« A 7 ADBENT 5, FIMAD D _XF LT 4 + ¥4 7 )L % Table 2-5 IT7R
7,

Table 2-5 Penalties for Operand Bypass Between pOP Instructions (FTMAD Instruction)

=
=
=
>
=}
SVE load (Long) 0
FTSMUL 0
Other floating-point operation instruction 1
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2.8.

Uy —ZADEY BT LR

VA

kT e F—x
3, TNFNDY Y —2DHE Y LBTR

vy

— X E i a

D24

L

TOEIC
— V. BXUMIRA T — 122\ T Table 2-6 ISR T,

HY M Ton, EITHERT T2 LI

Table 2-6 Out-of-Order Resource Allocation and Release Stages

Resource gtl:;?twn Release Stage Supplemental Remarks
CSE D \%
General-purpose renaming register D w2
The resource is allocated and released in order.
Floating-point renaming register D w2
Predicate renaming register D w2
EXA / EXB pipeline D BI,B2, X, X+1 Thg release stage dep;nds on the operand bypass
timing. The resource is released out of order
RSE
FLA / FLB pipeline D PT2, PT3, PT3+1 1_"he_ release stage dep_ends on the operand bypass
timing. The resource is released out of order.
Load/Store instruction D B2, A, A+l ”l_"he_ release stage dep_ends on the operand bypass
timing. The resource is released out of order.
RSA
Integer operation instruction D BI1, B2, X, X+1 ’I“he‘ release stage dep‘ends on the operand bypass
timing. The resource is released out of order.
Virtual FP D Same as for Real FP
The resource is allocated in order.
Virtual SP D Same as for Real SP
Integer load / store,
SIMD&FP load / store, RT3
SVE load / store The resource is released in order and without waiting
Real FP . X B1 .
(excluding predicate) for commit.
Predicate load / store RT3
Integer store B1
Real SP W5 The resource is released in order after commit.
SIMD&FP / SVE store PT2

2.9.

LA T vtz

Fl—® 4 754 %@

5,
ZA VIR
ZEBDHD,

WI AL —
CDXH7%e &, Figure 2-7 IR T KDL

vavThoTh,
CEEBOMRICOWT,
Lo T THBIDORT—Y (C,W)

Mo OBEIC LT L ATy IR
RAT T A v~DEAN
KBWTARL—2 a VAEZRLCTLES

;@l?&ﬁ?iﬂ4774/kbfﬁibE&wtb A64FX T3 Figure 2-8 iC

AT EIRCETRAT =Y ICBFELAT v 2UI0VBE2 22 L CHEEEZEEEL T3

1 2 3 4 5 6 7 8 9 (10 | 11

Preceding instruction Xl | X2 | X3 |X4|X5]|X6|X7|X8|X9| C | W

Following instruction Xl | X2[|X3|X4| C | W

Figure 2-7 Example of Conflict Between C Stages of Instructions with Different Latencies
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1 2 3 4 5 6 7 8 9 (10 | 11 | 12 | 13

Preceding instruction X1 | X2 [ X3 |X4|[X5]|X6|X7|X8|X9| C | W
Following instruction Xl | X2 | X3 | X4 X5 | x6 C | W

Figure 2-8 Example of Latency Changing

bhdibofdEL., VW BzHBoL [T v yD—E% Table 2-7 I

Table 2-7 Instructions Whose Latency Changed, and Their Latencies

Basic Latency |Latency After Change
4 6or9
Instruction executed in floating-point operation pipeline |6 9
9 No change
5 8
8 11
Load instruction
9 No change
11 No change
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mea 7 v T

3.1.

7 =y F o AT — Y DO

MR 7y F c AT—VE, LIl Fvyyvarbmhik 7y FLCTa—F - AF—Yichm
PG T 5, S 72y T ATF—YIKIILIL ¥+ v ¥ =, LI-ITLB, I THIEE & Fh
50mn7IVT-XT~V®m%%H@my1arﬁIHMGu7u77A-ﬁ7v&@Q
EEHTIMBELRTH 5, PC I TFHIBEME & LI-ITLB, LIL ¥ v v ¥ aicEbN s, Tl
FEiBICX B PC, £7213IFEAGICX B PCOEL HLHZIEICLIITLB G LI F v v 2l 7 7%
AL, meriatd, mFoHAHLIEIT 74 A bEN32 4 PELTiTDIL. FiAad
TN A A= D F F Instruction Buffer IBUFF) ICfRfEE 1%, IBUFF I 6 =¥ b Y CRERK
N, 1V b YHEY 24 @@ BN TE 3,

%

_ { 1 ! R
| BWT, LPT | | BTB | Selector
|L1—ITLB | |LlITAG/DATA| "
77777 [ 11 I "WWWWWI;\;[WWW

Figure 3-1 Instruction Fetch Stage

ST RIS 12 B S O IR TT IR & IRSE T FL A2 THElT 5, 72y FIhdmadlic
“Taken” & FHIT N HEMABEENZ2HE. ROMN7 = v FRETFHINAEFEET VL
xf@éo%i%&%&%@%%@?ﬁ%x-v4%yyi3&47WT®50:@a%\
Figure 3-2 IC/R 9" & 9 I Taken W IKAT D DEFM DD 7 = v FHF ¥ VeV INB DI NNT N
BFEET B,
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{PC] Branch predicted taken & Get target address (B)

A |IA|IT|IM|IB|IR/E|PD1|PD2|PD3|

Canceled
A+32 [1a [ im|[ v [ B [TomkeD! | P02 [ pDa}—"
3 cycles X
A+64 [ 1Al 1T | M | _IBATRE | PDI | PDIRQ3 |
Vv,
B Refecntoms. | 1A | IT | M | 1B | IRE | PD1 | PD2 | PD3 |

B+32 1A | 11 [ ™m | 1B [ IRE|PDI | PD2 | PD3 |

Figure 3-2 Bubbles Due to Instructions Following Taken Branch Instruction

3.2, Syl Bk

AG4FX D3I MRS 13 Table 3-1 1R T I Fillges SR T 2,

Table 3-1 Branch Predictors of Branch Prediction Mechanism

Role Branch Predictor

Branch direction & Branch target address prediction | Small Taken Chain Predictor (S-TCP)

Branch Weight Table (BWT)
Branch direction prediction Loop Prediction Table (LPT)
Return Address Stack (RAS)

Branch target address prediction Branch Target Buffer (BTB)

ZD5H, BWT & BTB AE7 20 FHIBERECH V. 2 b 2B E bR T & oIk
BT KL A% FiT %, BWT iZ Global History Register (GHR) & fA& £ % & & T Piecewise
linear F D7 LTV XL EFHWTFHIT S, S-TCP I3 Taken /I ar 4 DT F L x %32 E
T5720D/NER, POELAT VY RNYy 77 THY, V—THEERFFE L2 EICTFHIE T
%, LPTZH v v 2R D v — A NG FHIERC. v — TREEIC BT 2 MFCHIE 217 5 Sk
WA X I 7%, HEAMBRFANTHBZEEETFHT 5, RASEITA—FvhHrbo ) x—v
T FLRIHET TR TH 5, UM, o FHIERC oW CREll 25tk 3 5,

3.2.1.  Small Taken Chain Predictor (S-TCP)

Small Taken Chain Predictor (S-TCP) I Taken 34 ic X 5 70 7' J LETRRADF 2 — vV %
ML, P2 T 28 CH 5, Figure 3-3 ICRT X 51T, S-TCP I3HEEL D Taken S Ay s D HE
Tz ohdsFz—vEEEZHRET 2, COF 22—V RAL—F %L, EITORER—EN
BalBz 5 BB LZET R o TwmAH 7 =y F%IETRT 5, S-TCP % 4 O D Taken 73 I fy
BORIEIRT FL R ERIFTE 5, S-TCP X Not taken VI H DIFRIZMF L R vizd, F=
— V& T 5 Not taken 73 D iy S BUTHI R 13 72\,
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—] Lower PC

Taken .branch I_
_| Taken .branch
: -«
Taken branch I_
: .
—| Taken .branch Higher PC

Figure 3-3 Chain Structure Consisting of Multiple Taken Branch Instructions

S-TCP I Tl I AFEAL CTHEDLICHE L 2R EZHIRL 2wy, 2F 0., HBER—OET Y
2D %7y F$5ESTCPIC X3 TFHlZHEET 3,

7/, STCP ~NF I VA INTT IV RRATEDZ L LMD 7 2y FRED AL TF4 v - NT
MIFEAEL R0,

3.2.2.  Loop Prediction Table (LPT)

Loop Prediction Table (LPT) 1377V v 2 iR D v — A VJERESE TR TH 5, Sy
4 @D Taken ¥ 7z 1 Not taken 25850 L 7-mI# 258k L. Z 0EEZ Iy G m % Pl 5, LPT
X8 v MY CHE X L, i S E 8 aE TRl TR 5,

3.2.3.  Branch Weight Table (BWT)

Branch Weight Table (BWT) |Z Global History Register (GHR) & fl& &4+, Piecewise linear 7
N ) XLxZHCTTFHEZ T %, BWT (Z Piecewise linear IC B J 2 EAT — 7L ThH H, 2,048 =
v h URERE & B, TN Figure 3-4 ISR X 9 iC, &N OEEE, B X UNEE O IR 4
FEIRCHEH L2 BEAOBEZHHAT 2, 2 00BEFIVWIND /e — SV LRBECTH 5, FEfF
Sy D JEE 1% Taken BFIC “17, Not taken FFIC “-1” @ 2% & %, EA (W) BFF5H X #E T
b, Figure 3-4 ICRT X 5 hEhnl, BLUOEADERELD 2 L &, KGR Bolx
Figure 3-5 (Eq.1) DAERP & LTCFHEINZ, P OLIEDE (T “Taken”. 0 KD & % (3
“Not taken” & F#ll$ 2, Z 0k, D@ HAETI N THROFIEIHHT 2 L ELDEFEE
BT 5, EAEROEHRIITENR I AL ZDoRTbNE, HlZIE, /I TH Bo DTl
“Taken” T»H o 7z DX L TEITHEEA “Not taken” TH - 7z & ¥ I3 Figure 3-5 (Eq.2) Trd &
S rEHIOHEFA MDD,
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Global History Register (GHR)

Ny T, T3 Ny Ts +++ Ny T,
New <« » Old

<

Branch Weight Table (BWT)
W, Wy W3 Wy Ws -+ W, W,
New < » Old

<

Figure 3-4 Histories of Conditional Branches and Weights

(Eq.1) Predicted threshold

P= W() + N]W] + Tsz + T3W3 + N4W4 + T5W5 +
© Nn-IWn-l + Tan

(Eq.2) Update weights of the conditional branch instruction Bo

[Wo W1 W2 W3 WaWs + =+ Wai Wa]=
[WoW1 W2W3WaWs + + + Wni Wa]+
[TeNt T2T3N4Ts =+ + Na1 Ta] * No

* Tc is constant.

Figure 3-5 Prediction Equation for Conditional Branch Instruction Bo

B, A= 2T A CTREMILD DI Pl % “Taken”. "Nottaken” & LT\ 225, FE%E
INTW B THIBHE 1T Agree Prediction TR TH %,

3.2.4.

Branch Target Buffer (BTB)

Branch Target Buffer (BTB) 13X/ lkan 4y & MBI O T FL A %58 d 25y 7
7 CH %, BTB it 4-way, 2,048 TV + V) DR TH 5, HNDIKMRICOOTIIDIBET FL
ADERNCIRE B 72, @K 1 BSOS IEIEE D ARET 2, B BASIC D W T IS
T FLADEINICEAL T B AReED B B 72 EE O IR SEENE % /A7 L C Tl % 3~ % Rehash
EHEIN AR L T 3, Figure 3-6 ICR T X 51, BTB DA ¥ 7 v 7 ZICH L oy
MJERE & FBSEEREEZ Ty v a %275, ThICX o TEINICZL T 2 0% T FL A% T

ez kiicL T,

Target History Register

(THR)

Global History Register
(GHR)

100100

PC of the jmp instruction

4-way
1

Figure 3-6 Outline of Branch Target Buffer (BTB)
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3.2.5. Return Address Stack (RAS)

Return Address Stack (RAS) (ZH 7 A —F v « a—ABHC Y X — VT FL AR EFETE AR v 2
THb, BL, BLR O EITHICY 2 —v 7 FL A%k L. RET@MHD 7 = v FRICSHT
3, RASIZS TV F UM% & B, RASDT 22 AH A 7 NiF 2% A4 7L THY, BIB L V5
98

3.3. Pl ARG HE

AR X 912, AGAFX TIRERO FHlg 2 HASDLE THEGHOFEZIT 5, Silkdaa o
IR & B X 2 FHlgE. < O I PRk R O HIESL % Table 3-2 IR T,

Table 3-2 Relationship Between Predictors Used for Branch Prediction
and Prediction Result Adoption Rankings

Indirect Branch Instruction,

Adoption Ranking Conditional Branch Instruction Unconditional Relative Branch Instruction

High S-TCP S-TCP
LPT, BTB RAS
Low BWT, BTB BTB

S-TCP (%% OEIE DR L O I i 4. Sthorlimr i BafR e < e 2 Tl 92, &6
. T27RZ2 - LATFVUIRBENC L0 FHIKRIIRELCRHA I NS, LPT & BWT i3
IS5 AT D A& T, "Taken” & FHIL 72 & %1232 BTB 28 FHlll L 7205 # i 4 %, LPT
& BWT TIZ LPT i2 & 2 PHIFERSER I NS,

e Ikic 1) % RAS & BTB Tld RAS OFfERMAEIL I NS, #27ZL. RASEY 7T L—F v
@)&—/mﬁ@&%ﬂfé@ XL T, BTB & TONEMAICOWTHEE 21T,

34, Ya—1bF - A—TFHH

AGAFX Tlixv a— b - b — 7RI L IFIEN L HE L T 2, Z O IL IBUFF ICIRFF
IhCcwsizmailobcr—7EErzET28EcH 2, va—F - A—TZHRET L oH
#«//;#6@Mﬁmb%%mb IBUFF 2* & fin 4y % ({45 T & 3, IBUFF % b DA {fais

1% Taken WIEEFM AT DOFHAHB L RFAT 41350, SA T T4 VO TUEREL W,

Ya—t - A= TORESEHIEUT oMY TH B,

o V—TRKT 2 MmaYEA IBUFF ICINE 2 2 &, i@ Y. IBUFF IC I 48
WHEEIRETE LD, @O T 74 AV MDD 5 2 L CHEBESLETH B,

& N—THDTXRTCORMHTDOHBITHR—ETH ST L, V—THICIFER DS
Iy ad &L EBTE S,

Eito&th#iiz L, v— 7 OKEREA L WiEE i 3 & IBUFF 20 b D4 it#s % 5
Bt s, ¥/ Ya—LF c A—THODEGEDO T ABEL L -5&13mafE 2K T L, 5
FryvraprbomAt L EHHT 5,
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4.2.

N

<A 70« AL —T a3 Vs

AGIFX Tk, 7T—F 77 F v i3 —F v = TEEONFHEX O poP @y L7 a—F
N3, OP iz, VA —3I v 2 - LY RZ, CSE, FP, SP 72 & D Y YT DRABA & 7
2, WOP@ 12007 —F 77 F v mr bBBICHEINERINLIb DL, HHOT —F
FOFXMRERALTLI OO uOP @h & LTEKRINE L DD 5, pOP ansr DRI i
SR/ VATV BRERL WS, T=F T 2 F v oA 43 FEICTHHL Tv»
%

1207 —=F 77 F ¥aih b2 O LD poP i ~DfRicid, BE7Ta—rFey—rvy
YA TA-FO2EHNRH L, TV TaA—FLE MROT 4 ANy T aly
b, BXUGID OF Y BCIHIRDEDH 272 —FThd, @BET 2— Nk, ACEROT —
¥T I F X NETa—FL, HEO WOP N % T 4 ANy FTE L, T ﬁL“C*/—’f‘/
Yx N Ta—FiE 1 D0DT—=F T 7 F P DOBHT I—F L, pOP 2 ERWICT 4 A%
y%?éoit\lo@mDulo@mmmﬂL#ﬁbéfé ERTER Y, V=T VY
Lo FTa—FiEkbmaiRaaiEt L4 T vy —EiciEREhTnw 3

TINF e AR — gV

HOP My iz A R L —vav - 7e—ICCETEINSE, BB LA —v a3 v - 78 —HT uoP
O X ITKAF T 5, Bz X, BMABEEERLIE 1 7 —CEITTE 523, ADD
(shifted register) M ®d & 5 HEMEE L > 7 FHAGD X > T 2 E(FIX, HERICHE I
RO 7 —TETINE, 72 NOPADHAREFL =2 a VIR EADB DX, 0 7u— (£
RL—=vaVRFEELREW) &b, —J T, SVE D Gather load fir 72 & 13#EMCH 5, DEL
DT FLVRER - 7u— b BDAEY - TR 7u—ICTCETINDE, TNZNDNL T
FTAY ATV TRENRETICLE R 70— RR52 L e, AAFX TIRY YV —AD
HEZNGIT 222 nb0VWELTARL—vay - 70 —DREECEE- T TRORAT—
TIIHIT—FT77FxbhoTnd, AL—vav - 70 —0HEIUTDAL 774 v 2T
—JITitbn s,

SRR
WOP 5% U FN—va v« AF—vavilT A Ay FTELEcndElahsd, FicmiE
TOEDITHEER R BRIT A T 74 vV TCONIRLE DR ERNRTH 2, RFHE L
TAMNTaERH 5, AFTdlE,. RSAICT 4 ANy FINIENT FLA%ZEHET L 70
— ¢, RSERT ARy FENETF—REE7u—D 2 2inElans,

EITAT —3

VHFR—va vy « AT =2 avhPobRT AT T4 v~RiTENd L 2icnBlang, HHoD
R 2HEEGEVIRLIT ) MABNRTH 5, fAFKHL LT, ADD (shifted register) fir 423
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%, ADD fy5r D pOP 43T 4 Ay FHEZ 1| 70 — B INBEZ T2, U HF— =
VAT = a VORI AT IA VARITENS L BTy T VEERITY T u— L IR EAT
S 7u—D2oigElENG,

O—F/ AT « AT—=V
o—F/RX+T7 - AT —=ViCCu—F /A ]‘7%%???‘5 L% C§7 # X4 %, Gather/ Scatter
T4 %2 Multiple structures fir4r @ X 9 ZBEELY 72 A £ U ZEfHiC X AT EMAVNRTH B,

43. MOVPRFX fiv% @ Pack L

A64FX Tl MOVPRFX fir i iZ AR ICtofit OEMim o & 56 X &, H72 0 b B i
ITAVYZ T4 7B THLIPOLIICIREFES LS5 T a—-FaInd, ZoOfEUEE Pack
ALER & WE 3, Pack LB 7Y Fa— R 1 27—V I Tiibh, % D%IC noP i o % 11
5. T7bbH, MOVPRFX e DHEHEIX T 2 — FEFD nOP i8I 2% 5 2 72\, pOP & dr
D53 B E i & DJBIED & Tk E B,

—7 T, MOVPRFX 4 @ Pack ML (L MEFIALEEEUC LA T o filfI 235 5 .

& JTUFTa—XOFEIRT—IV~DANF, 1947 0B0IRK 6 s,
@ VT a—FDFE1RAT—VTODPack WIIZ, 1 ¥4 7 1BH72b FKA3 M,
0 TUVTa—FXDFEIRAT—VHrHOHNIE, Pack LWL DM A TRA 4

A
Mo

NS DS, TR ST LCETET—FT 7 F v @O W LRI Lo TET Y Ta—Fo
AN—Ty FPETF 2D 5, —Pl% Figure 4-1, Figure 4-2 IR,

loop:
movprfx z@.d, pe/m, zl.d N
fmad z1.d, po/m, z2.d, z3.d
add z1.d, po/m, z4.d 4 insts.
movprfx zle.d, pe/m, zll.d decoded
fmad z11.d, po/m, z12.d, z13.d
add z11.d, po/m, z1l4.d Y,
movprfx z5.d, p5/m, z6.d N
fmad z6.d, p5/m, z7.d, z8.d
sub z6.d, p5/m, z9.d 4 insts.
movprfx  z15.d, p5/m, z16.d decoded
fmad z16.d, p5/m, z17.d, z18.d
sub z16.d, p5/m, z19.d Y,
b.ne loop

Figure 4-1 Example of Efficient Packing with MOVPRFX
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loop:

movprfx z0.d, po/m, zl.d N\

fmad z1.d, pe/m, z2.d, z3.d

movprfx z1@.d, p@/m, zll.d 3 insts.

fmad z11.d, po/m, z12.d, z13.d decoded only

movprfx  z5.d, p5/m, z6.d

fmad z6.d, p5/m, z7.d, z8.d Y,

movprfx  z15.d, p5/m, z16.d N

fmad z16.d, p5/m, z17.d, z18.d .

add 21.d, pe/m, z4.d 4 insts.
decoded

add z11.d, pe/m, zl14.d

sub z6.d, p5/m, z9.d .

sub z16.d, p5/m, z19.d ) 2 insts.

b.ne loop _J decoded only

Figure 4-2 Example of Inefficient Packing Due to Instruction Order

Figure 4-1, Figure 4-2 1ICRT X5 1c, MLGAEET 2 —F32% & % Th o TH MOVPRFX fir
2 L BB A DM I E o T AL —T v FREE D, BART S 2—1) v I HEERD 3 &
LR oHIFI 2 EET 5 2 L 2R T 5,

4.4, fympTa—Fk

AGAEX DB T a—F « AT =Y D4 754 v 27— VBE% Figure 4-3 IR, T3 —X
X IBUFF 2> L@ 3 #BUfF L, nOP e 7 a—FLCT U b - A7 - F =X VY —2~DE|
DUTEITI,

(I PD2
] ] -
o — or

to CSE

Figure 4-3 Instruction Decode Stage
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44.1. 7VF5a—F

7Y Fa—FIiZPDl A7 —Y 55 PD3 AF—JIcTfthbNs, 7Y Fa—FTliEEic
MOVPRFX 4y @ Pack JLHEE, pOP iy ~DorfiEhf7boi s, PDI AT —VE T —F 7 7 F v
45T 6 M E D Pre-decode Instruction Windows Register (PIWR) % it IBUFF 2» fo]\j] 2L
7%, PD2 A7 — ¥ Tld pfOP R R %17 5o 5RIC X 2 ar A BEEMN % WIN 3 2 72 1 poOP iy
BTTWMHBOMHL Y A X% FHFDO, PD3 AT — /i§&®73—ﬂ«®&ﬁf@b HOP i 4>
TAMHIRDOMEL VAR o,
¥4, 7V Fa—XiZPDl A7 —IICTIBUFF 2 Ln 4 2B Y H L T PIWR IZH#IT 5,
IBUFF 225 DA L IIMTEDOT FLARL IV P 2 E/-0TITH 2 e RN TE S, Giathidh
724X IBUFE 22527 )V 7 &%, 7odb, IBUFF 225 D5 A LI T OHIRLESH %,
® 43 FTHML 72 MOVPRFX fir4r @ Pack JLIRIC I51F B f#ill#, Pack ZLEE X PD1 %
TV Tirbh, ok d X IcmaristiT,
® Syl I — B ICHEEUEFZE A L TRE T H B A5, "Taken” & Tl & 7z 4yl 4y
X 1D A,
®  Taken Vil & L7243 I A4 D 43I 5 1 R IR 1 Fe o 2 7 v

PD1 A7 — T T Pack AT N2 id, PD2 A7 —¥ %5 PD3 A7 — ¥ I 1) T pOP
AT THhIL S, nOP R fRICIZLL T OflfIAH 5,
®  Taken /34y id PD3 IC B W TREZREICHE S S,
® 1DODT7—F77Fxwnhb3 DL ED OP MRICHEEIND & X, Z D poP
s O PD3 I B W TRATIID HEE X N T iE R o kv,

Y= vy TFTa—FDLEEZ, DAT—VICT pOP H D EHSM TN, Tk
LU= Uy Ta— F‘ﬁgﬂa)unn BERFBERICEE I N A TNIER DL Rwiliad 572
. PD2 AT =Y 55 PD3 AT —VICKL N BT, WROMA 1 drddoikfz I il
INd XS icampryIong,

FNZ 1ol % Figure 4-4 2> 5 Figure 4-6 ISR T
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PD2

Inst.  # of pOP

\'%
IWRO0_H @ I:] I:] Taken branch TB must being

wri H [o][ ][ ]
wion [0 [
IWRO_L
IWRI_L
IWR2_L
IWR3_L C

PD2

wroH [o][ ][ ]
wriH [o][ ][]

wR_H -~

WRo L [1][ D ]
IWRI_L
o L
IWR3_L

TB : Taken branch instruction.

set at the end of instruction
list of PD3. PD3

@ Next cycle

V  Inst. #of pOP

Inst.C stays in PD2
even if PD3_IWR3 is
not full.

PD3

vV  pOP
R
i
w2

Figure 4-4 Restriction on Taken Branch Instruction When Splitting pOP Instructions

PD

[\S)

IWRO H |1
IWRI H
IWR2 H
IWRO L
IWRI L
IWR2 L
IWR3 L

ERERRRREE
—
=~ al | m 2 ‘
i

PD

[\S)

IWRI_H [1]
IWR2_H
TWRO_L
IWRI_L
TWR2_L J
wr3_ L [1][ K ]

v
IWRO_H [0]
]

—

EEEECE

I+
o
=

=
o
o~}

T+
o
=%

=
o
o

Inst. D is not set to PD3 at this
cycle even if PD3 is not full.
Because Inst. D is being decoded
to 3 pOPs.

PD3
vV pOP

IWRO
wri [0][ ]
wr2 [0][ ]
wr3 [0][ ]

@ Next cycle

1OP Ds must be set
from PD3_IWRO.

Figure 4-5 Restriction Related to Three or More pOP Splits Resulting

from pOP Instruction Splitting
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PD
Inst.  # of pOP

[\S]

\%
IWRO_H [0][ ][] mstGisbeing
e OISl
IWR2H |1|| G vV uOP
IWRO L TWRO [ 0] |u:]
TWRI_L wr1 [0][ ]
IWR2_L wr2 [0][ ]
IWR3_L wRr3 [0][ ]
@ Next cycle
PD2
V  Inst. #of pOP Inst. G is set to PD3 on
WROH [0][ T[T i irps  exmctedin P2 10 DS,
IWR1 H cvcn if PD3 is not full. PD3
IWR2 H [1][ 1 v uop
IWRO L IWRO [ 1]
IWRI L IWR1
IWR2 L IWR2
IWR3 L wrs [0][ ]

Figure 4-6 Restriction on pOP Instruction Splitting for Sequential Decode

442. Ta—F

DAT =Y b DT AT —YICCT a—F»AfThbis, 7a—FikswTid, Fic7v b - F
ToF =K )Y —RQEY LT, BRT RV FR—va v ATV a VDT 4 ANy T
»Birbihsd,

73 —X3GID, CSE, YL Y2 2DE v YT, HLWVFP, VSPOEIY LB TE T3, T2
— XA TV Ta—Zpo | A4 7 vbiViRK4 DD pOP a0k AENn s, TD
ATTENT pOP A DI E T 4 28y F « A —TF LI, ZOHAMTY V—22E ) YTH
Nz, Fhmpl )y —ZADEI Y L CH L DA% % Table 4-1 IT/RT,

Table 4-1 Relation Between Instructions and Quantities of Allocated Resources

Resource Allocation Unit Instruction Type

GID Dispatch group All instructions

CSE HOP instruction All instructions

Physical register | pOP instruction Instructions that have destination registers
VEP/VSP Processing unit for load/store unit Load/Store instructions

Table 4-1 IR T X 51T, GID X7 4 ANy F - FA—FHCTEHY Y THNE, —/ T, CSE
DAYV HDGIDIF 120 HHIREDZ, T4 A%y F - Z0—T 5 4 u0P ar oA
Tholt. CSEICEERMFHZ Y )23 2RETGID BE O B ToHhb,

FP, SPOE W B THKim—F A +7 - 2=y b COUMENTH 5, Ml 7.3 FicTH
33,
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4.5.

TOr A7 - F =% VY —2QEYYBTHRETTEL, fOPMHIFY FR—v a3y - X7
—YaVYn~T ARy TFEINSG,

p/\:li/]‘

IIvh o ATV TEEBEWICETEINMBOWELMTON D, SIS D 53 ZHRRE
LHNOEMIL R & 2TV, A EETIECIVEHETNE T v T4 - F—LTaly
FEITW, TRy IDOT—F T F % - AT — b EWEET S, Figure 4-7 IC7R3 L H T, CSE
Z4 v b TIA=FbEh, S —THATGID 28EI D Y THh T Wb, CSE~D
pOP - DEN ) YT iseiBd X 5 i GID AL TfThbiL s 2 & 226, CSE DI, Tabban
23y b GID BN TEmIND,

CSE Dispatch group
Newer
A
nOPs are allocated in decoded order
O O A Instruction
®) GID
(e) 3
O
A
A GID GID 29 will be released when all
Empty 29 HOPs have GID 29 committed.
v Empty
Older

Figure 4-7 CSE Structure

MEI Iy PRI RS TN AKX THRINDGTZD, CSERNDRD HT Wi d23H % CSE 7 v
=7 biTbhd, a3 Iy FOEERLUTO®EY TH 2%,
® [FRicaIy bTE3GIDIE1ID, T74bb, CSEZNV—T2EnTDIIY
MITE R,
® [f— GID 231 » T o N7 EEEH D pwOP fr A ikFFfFic=a Iy F T 3,
@ IV IFTXLGIDICETZ2H TR EHWV POP ik, F—GIDHD LV HTL
W UOP i D ETH T 2Rz Fica Iy P TE B,
EEUH D Taken /IR IC2 T v P TE R,
o NIEMAEATHI AL T WL Eid, ZoNEmaEcaly r LEKoms %
S 2,

® 1007 —F77F v EEED poP it EE NG E, 2 1y FEAK
% pOP M A HAI CTHIRETH 5, 7272 L. PCIIRED pOP maAa Iy F Ik

FEmiCHFrI N5,
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4.5.1.  No Exception Mode

AGIFX Tid. FE/NGTHRE OFIN OE D AB B I N VERED L Eic, 2 Iy b&A
BERRVATEI L T 2BRER RE L T b, ZHICEV AT ITA4 v - 27—V EEREZEIL, T
b AT F—FDY) V=20 EHERMEZREM L CTW»Wb, FPCR ¥ AT ALY XX DFHED
Table 4-2 @ & ¥ IT No Exception Mode & 72 5,

Table 4-2 FPCR Register When No Exception Mode Is Enabled

FPCR Register Field Field Value

FZ,FZ16 1

IDE, IXE, UFE, OFE, DZE, IOE |0

46. A TTAV T Tvia

2Iv b ATV BTEMBTETHEDREE, MHOETHERELELL AWV EHBIL &
BIRNATTAY - TT v aPDRETL, A TT74Y - 7Ty 2 iZUTO28ENED
%0

R 7 9 vy

ST I RRFICHAET B, DT I A LZEE, BROGHIR-7ZTR ST L - XD

METHLIerbmaaIy P TERY, LRoTC, BEmSIIMEINS, JIEFHI I X

IR BETINZRER, ThbbETAT -V THBIN S, BT I XA 2

. @i vuey bz v Fo7 7y vadftbil, ELWAROMAE7 = v F23RGEI N5,

ﬁb<7l/féntmﬂirn—bén DAT—YTHRET 5, RiC, A IR L7z
NICHRITTEMERTRTa Iy P LTWB I ERMRINE, Ny 22V FDT7 Ty aR

ﬁbﬂéoﬂy7l/F®77yy1#ﬁ7?6&mﬁ@T%Xﬂy%ﬁﬁ%éﬂéo

FHAZ 2 v v a
FTw T BIAFEAE, B—F 2 T O RIGER R EIC X o THRET E, T DERY
Ferhd B LM Mo 2 ETRRICAZ I omPI Iy P TERY, TNLDHRIIMH
Saly MRCHEINZZ 2L, mEa Iy PORKET7EY P Y FE RNy 72V PO
TiDRATFZAVHRT Ty vadnd, ZOHK, 7oy FPIELVREBCEZNVEGRDO 7 = v
FORHEAING, A7y 2k, ERH7 Z vy v atBhhosTr7ry PV FO7 v v a
f(}_’%ﬁﬁ’ﬁiﬁbv” LRy FETa— FUEERRWTER L, 200, SIEFH L
WX BERI7 7y o2 X VR OFETHME CICET 2T AT 4 BKRE WV,

c

47. R 7 a4 il

T=%77F ¥ OHICiE, LYARZRLAEYVUNDO T oy DT —FT7F v - AT 4
FERBLTKESEONZDDBDH D, TNOLDMMILETMEPHEERICT Iy FLTWBIR
RTETINATNE RSV, T2, ZOBEMADOETIE, HITmAPHEERICTET LTS
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CEBREEIN TR TNIE R DR, SO OBIEZRILT 50 Iic,
v MITIRRD 2 D ORI B HlE 23 B B

o
N
o
|
-~
N
2
&
o

17

Pre-Sync
CoOHEONRTH 2 maiE, EROMALIIv FENEEFTTa—F - A7 —VICHED
bhd,
Post-Sync

CofIHlONRTH 2t Zomanria Iy FAINGE Rt AaETa—F - 27—

CICE® B,

NS DMAHIEIZHEANELRT —F T 7 F v @S DB TITbN 3, HIHNRD G L6
SlEE/v4Frvy—BicE#HihTnd,
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5.

N

o T 4 ANy T

5.1.

5.2.

TA—RRAT=VTRE, TV AT A=K VY =Z2~DE Y BCOfic ) Fx—2 =
VeRAT—=vay RS) ~DTARNY T ATV a— ) VI ERIT), AAFX IO RS B
HHH, FERSICHEREN T LFETAA T T4 v OBRER R 2 -0, il & ey H O RTE
B2 EEO LT va—Y vr3dng,

VYR —T gV « Ag—vaVv

FTa—FaNzpOP fidA_L—vay - 7 -t LTYHFR—vay - ZAF—Yav
(RS) T 4 A%y FEN D, RS IFFETAHE. 2 OET N4 774 VICE D Y CHRERMmAD )
LROFEOMALOIMEICT Vb « &7 - A =X T ERITT 5, AGAFX D RS 13 5 5#E T
BY, ZNENICERDZET A TIA4 v pERINTHE, HERSICODVTHELDZV
B, BIXOERINDET A4 774 V% Table 5-1 IR,

Table 5-1 Number of Entries and Connected Execution Pipelines of Each RS

RS Number of Entries |Execution Pipeline
RSEOQ 20 EXA, FLA, PR
RSE1 20 EXB, FLB
RSA0 10

EAGA, EAGB
RSAlL 10
RSBR 19 BR

RSE0/RSE1 [ZEfT54 75 4 v DRI D HWDET A T4 Vit e RBITTE R
W25, RSAO/RSAL ZHWDET A TI54 victhikRITTE S, RSOV kU IZCSE # FP
/ISP DT b FT o F =K )Y =R TR 7&0\ MEBFHITIND LFRZING, EY
WT LD AT —IIT DWW TIE 2.8 ED Table 2-6 ICEIBR L T 3

ZRSIF2DODEEAAR—F L 2DDRKITR—- L 2 ZNTNFFD, ZTDDOFE—DRSICT
ARy FCELMAIE 2 HICHIREI NG, FEERICFE—D RS 20FKITTE 2wz 2d T

TL kb,

WmEDT 4 ANy Fl@ik

AG4FX TIE RS & FETA4 774 v kiR » L, A =L —vay - 7o —0fHIC X -
TT 4 ANy FTELRSICHIRYED 5, HlziX. EXA A4 774 v CLrFETTEhRF =L
—2a VIZRSEQICL DT 4 AN FTERY, ZDEDFL—ay - 70—DF f A5y
FRIFARL =2 gV - 7O =BETHEER A T4V EROIER2EDRH 5, RETT 4 X
Ny FEWEDOTHD D, 2L —vay - 7u—0DF 4 ANy FA[RELR RS ZJ@IEL LT
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Table 5-2 D X 5 ICEFKT 5, b, 7~#%7%«mnaﬁ«v Yav . 7u—kZDHEFA
4774 voBEicowEmaElE LA T vy —BIcREL T3

Table 5-2  Attributes of Instructions and Operation-Flows

Attribute Dispatch-Enabled RS Destination Execution Pipeline
RSX RSEO, RSE1, RSA0, RSA1 EXA, EXB, EAGA, EAGB
RSE RSEO, RSE1 EXA, EXB, FLA, FLB

RSA RSAQ, RSA1 EAGA, EAGB

RSEO only RSEO EXA, FLA, PR

RSE! only RSE1 EXB, FLB

T, TARNY FICHERY Y —RITRS DIFHIC Temporary Operand Register (TOR) 73442
BB D, TORIZTRT T L - AV v AP OHEERICART Y Fehfii+ 3L Y22 ThH
%, TOR A% 7z x4y % Table 5-3 IC/R T

Table 5-3 Instructions That Require TOR

Attribute Instruction

LDR{SW]|} (literal)
ADR{P|}

BL{R[}

MRS

TOR

53. e DRTFEIR O

AGAFX TiF 27 BETHRRA= X S ic, BAaBZETAATIA4 VEITART YV F - NA ANZPTh
NBBRICRFAT A BAEL B, FRICBEGHEM S IARROBBE LA T v vicwd 21T 14D
HEPRENZ O, RETART v MEERS 5 L ZIIITRERIR Y [ LFEITX4 75 4
VICHITT AT L, ThEERT L0, AGAFX 137 3 — Fiicmpllotr~7 v
FORGEEBERBLTWS, 73— X RUTOEERTRTHIZL 72 & FichmPMicikErSH
2 L ¥ B,

® EXA, EXB, EAGA, EAGB 4 7’5 4 ¥ CEITI N 2 BTEE G4, mPREE
S, V7 MnThH B,

o EHETIHIE2MmAMOART v NIRKTFEEGEHE, dLF2mb L dic
NZCV LY A Z 2L T 5,

o Ehifllomas RSX @M. £ IIRSEBETH %,

el okiEREFREBE T 2 L. MR DOMm4 T Dependence 7'V — 7 2B T 5., KFRERD
M IR 2 il cfTh i 5 72 ® | Figure 5-1 183 & 5 IS 3 % iy o] CIRER R 43
» % & %IC Dependence 7'V — 7K E NS, £z, Figure 52 IR TLHIC, T7a—F - 74
YEURRLRZ 2@maMicERTETa-F - v v Fyoxay Foodmat, | D072
—F-9v4vFvozxay 3 oaaicRo THRERERZ R L T Dependence 7 v — 7" % B
TZ 3%,
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Inst.B is depended

|
Slot  Inst. /onA. | Slot  Inst.
|
3 0 A B 0 A
3 LS .
£ 1 B : S 1 B Inst.C is depended
A.
: \ 2 "
-8 2 C Dependency group : g 2 C
8 b3
A 3 D I A 3 D
|
Decoder can detect that Inst.B | Decoder cannot detect that
is depended on A. : Inst.C is depended on A.
Figure 5-1 Example of Two Instructions That Have Dependency
in Same Decode Window
|
Slot  Inst. | Slot Inst.
|
B 0o A B 0 A
2 | 3
B 1 B A 1 B
= .-
[} . 5}
LS 2 C Inst.E is depended | LS 2 C
8 on D. : 8
O O Inst.E is depended
=) 3 D A 3 D |.,é
|
|
0 E ) ~ Dependency | 0 E /
group |
Decoder can detect that ' Decoder cannot detect that
Inst.E is depended on D Inst.E is depended on C
because D is slot 3. because C is not slot 3.

Figure 5-2 Example of Two Instructions That Have Dependency
Across Different Decode Windows

54 WAT A RSy FIE

pOP 413, CSE, U A—3I v 7 LY RZ, VFP, VSP OE| VY THETT S &, AL —3
a2y -7u—2LTC, RSET A ANy FINE, COLET7un—DRERMTONLIGHDLH
%, RS~DT 4 Ay Fid, 7 4 A%y FJEMER. Dependence 7'V — 7, RS OfiFi= v + V%
BREEZEBLTCEVIRYPIEING, Ta—Fik, Ll @074 2y FEEZ LI
RSEIDIED L =A% FHFoTED, TF. FOL— %o THAL 422 RS OFE Y LB CHhrik
EFT B, FNFROEVIEOAL—AICOVTE LD B,

RSX J&MEa &
RSX &k D 413, RSE0/1, RSAO/1 DEDRSICHF 4 A8y FTE 3B, RS ~DIR Y /0
2 Table 5-4 ICRT XS iIcTFa—Fpzruay P ZEICE Y B ThREZRD B3 F— TN IcFEDWTET
bhzd, 2OF—71riciZ, RSOUHBDO AT v 2% L 27205 O2DE VIR 2 —vHR
INTwb, PO RSEm/fIX, RSEO/1 D5 b2 Y F VEAS WIS A RSEm, D7z )
MRSEfF & WVWH T L EEHL TS, RSAIKOWTHRETH %,
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Table 5-4 Allocation Table for Instructions with RSX Attribute

Table 1 Table 2 Table 3 Table 4 Table 5
Slot 0 RSEm RSEm RSAm RSEm RSAm
Slot 1 RSEm RSEf RSAf RSEf RSAf
Slot 2 RSEm RSEm RSAm RSAm RSEm
Slot 3 RSEm RSEf RSAf RSAf RSEf

ZOT—T7NMERSDELY P AFRL GERI NG, EIROAL—VIZLUT O 54F & Figure
53 IR T EMOMABDETRE 2,

® ZfF1:RSA0/1MJTICZEE 28MEL, RSEO/ 1 WFICZEE N H 5, 721k, RSEO/1 D
EXDHEFHED S RSA0/ 1 DEZOAEFEEZZE LGB L 2 WE k,

® ZfF2:RSE0/1MFICZEE ML, RSAO/ 1 WHICEERH S, £7213, RSA0/1 D
X DHEFHED D RSE0/ 1 DXEZ DARFHZFAE LG WA L 2 Wl k,

® ff3:RSE0/1 DEEFHDOESDL & WEM I,
%M 4:RSE0/1 D EH 5—7725, RSBR Zf< RS DT b X A%\,

( Which of the conditions 1 and 2 is satisfied ? )
Cond.1 only Cond.2 only Neither
( Is the conditions 3 satisfied ? ) ( Is the conditions 4 satisfied ? )

Yes No : Yes No

RSX table (1)  RSX table(2)  RSX table(3)  RSX table (4)  RSX table (5)

Figure 5-3 Allocation Table Selection Rule for Instructions with RSX Attribute

RSE @14 & RSA @iEdm s
INLDBEHOHGAIT. FNFINRSE L RSAICLDLT A ANy FTCEROGIHTH L, FD
7290, ZNZENDRS D 0FED 1 FICE Y BChrRETNLIT LV, Table5-5 ICHVIRY 7—7
NIRRT,

Table 5-5 Allocation Table for Instructions with Either RSE or RSA Attribute

Table 6 Table 7
Slot 0 RS{E|A}0
Slot 1 RS{E|A}1
RS{E|A}m
Slot 2 RS{E|A}0
Slot 3 RS{E|A}1

EHOIRY 7 — 7N OBRIZSAE 5 & Figure 5-4 DfflAG b TEREI NG,

® < 5:RSEm/RSAm ICZEE A% D, 70 RSEf/RSAfICZEE 2372\,
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( Is the condition 5 satisfied ? )
Yes No

RSE/RSA_table (6) RSE/RSA_table (7)

Figure 5-4 Allocation Table Selection Rule for Instructions with RSE or RSA Attribute

RSEO only J& 4774 & RSE1 only BIEm 4

INLDBHEOMAITEI VY CHAEEA RS A 1O Lk, HVIEY F—T il B
HARTRSICEFDET FH W Y THN B,

Dependence 7 /v — 7 D4y

Dependence 7' v — 7 #{E B fivirid. 7 — 7 ORIHED MRS D Hara B Ko W7z E Y YT
PITbN b, i ideEam s &R L RS ICHEEICEHI D BCToriEs 5,

Ta—F 27—y o&zay Fomaid, i RO VIR Y v — it onTE Y 4T
RSBREE NS, 2D, Ta—F - 27—V 2Tk, 3ol bodasF—o RS I
DUTHNEZERDH D, HFRSIF2ODEFZIAAF—F LoFio Tz, F—3%4 7v
C2MBETLDBTA AN FTER Y, TOEZRFPIDD2MEDIET 4 A5y FE2ITWV, 5K
DDMFIET 4 ANy FINHR Y, ADT, ROFA 7L TT 4 ANy FINEILITKRD,

¥/, TOR 2T 243, TOR ICZELY P Y BAhTNERLS, 220, R—H% A4 7 ric
1B LETA RNy FTERVEWSIHIFILD B,
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AN\ e S—
6. LT

2

UHFR—v gV - ZF—Yav RS) KT A ANy FEINAL—vay - 7u—lF, TV
F e AT AR RT V2=V Vv ITINETARAT T4 VICRITINDG, HiTah/z7e -1
FITNA T FAVICEEINTO R HAERTETI NS, fFEFTLREECTEr—-F /X7
WMRADAEY « T AETEHEUR, AECTIHEEGPIOEEZITI XA 774 v KU, v—
F/ZRLTREDENT FLRAEEASAL 754 vDT FLRAEER T — VR ET A4 754
vELTHRDLIRD,

b VA
6.1. A OFEAT
FRL—vav - 7a—FY =R ATV FPFHAREICAR 2 T TRSICTRFET S, V—
R e ATV FBFIHWEEIC R o 72 7 0 — X EITREREE 1B+ %, RS IXETREA 70—
otns X VL, o, FITED A T4 vBHRATFRER D O ZEIR L., #7453, i
RSA CAZ Y a—0vranhs8—F /A +T7OF_L—vav - 7a—b[AKTHDL, I
L—3a v - 7u—0ORTIZEEANRIC RSEO, RSEI, RSA 23F7ZIcHilfll & 3 28, EE D ET<
AT7TAVPHEELTT7 e —2ETT3LEND 3 & X FRYEIE A5, £72. RSA0, RSAI
X% Z 4. EAGA/EAGB X4 7’7 4 VIZRATE 3720, HICHE VI L CHIE L CTw
%,
¥/, ETRAT -V TOFRL—vay - 7u—REHONRO 7 v — 32 O IcyE I NS,
Thbb, RSOI TV Y220l o7 u—0RTEN3EEL 25,

—— o O ~— N

62. FHEHT~NA4A T 74V
T T T4 v e EREEROMA G DY % Table 6-1 1TRT, FEIT54 7F4 VigKEL S
R T b, TNENDASL T4 VICREARFETHIHEEI=y FARESI N TV S,
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Table 6-1 Execution Pipelines

Pipeline Group Pipeline Function
EXA Arithmetic & logic, shift, multiplication
Integer operation pipelines
EXB Arithmetic & logic, shift, division
EAGA
Address calculation pipelines Address calculation, arithmetic & logic
EAGB

Integer arithmetic & logic, shift, floating-point
FLA arithmetic & multiply-add, floating-point division,

. . . L. crypto calculation, vector address calculation
Floating-point operation pipelines

Integer arithmetic & logic, shift, floating-point

FLB arithmetic & multiply-add
Predicate operation pipeline PR Predicate manipulation
Branch pipeline BR

BHERR A T4 VIIFICEEGAOEE MY T2, 7T FLREER 4 774 vicid
FERNT FL AR D=0 OFEIR L . SRR ERE % £F 5 72 B4 ALU (Arithmetic Logic Unit) #°
FRINTEY, BEGHEG DO —H 2 ETTE 2, FBE/NMNUREER X SIMD & FP & SVE ©
HEM SR EITTE 2,

Figure 6-1 IC/R T X 910, FHE AL 774 vREhEFRYIFR—v a3y - AT —v 3V (RS)
CEID YT HNT WS, FARNICE L 754 VIZMSL LCEIET 225, EXASA4 794 v &
PR ¥4 77 4 VIZRSE0O DRATHR— 2 G T 22 L hLREMKICHEEHZRATE LV E WS
WRd 5,

TFLREEROANL T T4, v —=F /AT - XA T 74 vicEREIn T, v—F
S AT WRAOENT FLAOWEMFEIL, BEEe—F /X7 - 4774 viciksbns,

] RESO || RSEl | |[ Rsa0 | [ Rsal || »p
I

) m— I — . . PT

1.1 CdCd [ L] C1  PT2

L L] PT3

Figure 6-1 Outline of Execution Unit
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63. ZuvXxyvHlE

W OPDARL =Ygy - 78—l @ZE T4 VB TE RV DR D, TDDDH]
Wz 7ay Xy My, Ty Ry SR, S4TI9 4 v Ty xS bERT ey Ry
TS b, "ATTAY TR F VI RBLIANLTTA VB THAEZETL WS & &
EFNBET TE2ECTHEBOGORITEZIMNT 2R TE AV, HE7v Yy X v /I3HEE TR
yXVIOREEARFOGEEETL NI L E, ZARKTT2ECRCERE oy X v 7B
DEBFKITEZIN TRV SA T T4V - Ta v XV IRICREFDAATITA VI hk b
HmabRITTCERVDOICH L, HEToy F v/ hicRT o ki S 3EE 7oy ¥ v
ITHRDOMHEDHRE VI TR, flziE, HEY v * v 7 H-CcH 2 SDIV mdIEFEITIC
DRIFATINVETETE, DL E, %ﬁﬁ?ifﬁﬁ7ny#v7ﬂ®mni%ﬁf%tw#
thoMmSIEFRITTE 2, BT oTry X v IEBEEIMAEE V4T vy —ERICEEKL T
w3,

64. WL AKX T 74N

AGAFX ODPIFIL VAR « 77 ANE, T—FXT727F % - LYRZOBHILICHITONTHE
EINTw3, FYHLIAZ - 77 A VDAL R — b, HERARF— P LEFTL T T4
v OEHeBAfE % Figure 6-2 IR,

F1 F2 F3 F4 P1 P2 P3 P4 P5 Gl G2 G3 G4 G5 G6

HH Ll LIl
| PR | ] GPR

Lo

FPR
PR
GPR

F1 P1 P2 Gl F2 P3 G2 #1 | G4
pipe pipe
F3 P4 G5 F4 P5 G6

Figure 6-2 Connection Relationship Between Physical Register Files
and Execution Pipelines
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6.5.  FFIR 7 e il

6.5.1. Merging predication

SVE i Cld. TAAT A A=Y ay - ATV F~DEEALD & ¥ IT Inactive 2 EFR%
HIfED  TORFFT 2200, 707 e L CHEFAL,2NERTE 2, 26 OMmA Tl Hiffl 2 fFf
9" % Merging predication 23fFE I N TV B L T, RZ P« LY R ZXDOERDIES T D nOP

a1 B ME L5, Merging predication FFIC pOP iy 23BN E 3 0B 2 13, @i/
VAT vy—BEici#HInTn3

6.52. LR XMl

PHL Y =2 & BE/NIE L Y 2 & Predicate L ¥ 2 X ZREBTICHEH T 2 @43, 2t h
DL YA ZDERET 2 720 IR AFIHALETH 2, Thid, EPHL Y2205 L
R P LeFEERARR—FDBTRCOET AL T4 VERRICERL AW TH L, 207
O, HBOANAT T4 Vv ERERPAI R THEZUEL CTnd, LYRXRXDOMREDE LHRETT
M X Y FEA R 3720, FlEH AT %,

PV YR 20 SIFEN/ NS L Y A X~ Dk

FMOV (general) fir4r. SCVTIF fifia LB W T, V=R« LY RZ ALY R X, T4 R
FAF—ay LYZRXICSIMD&FP L V222G E L2 EDBECH 2, ThbdDmsh
. AP L X200 Y —R - ATV FEFHEAMT EXA TETENE AR - a v -
70— (EXA 7u—) &, FH/NUIIEIL P2 X ICA T v FEEEAD FLA TETE R 3
ARL—vav-7a— (FLA7u—) KaEInTETINE, 7r—FfTOoXf LF¥—1
% Figure 6-3 IC/R T,

1 2 3 4 5 6 7 8 9 (10 | 11 | 12 | 13 | 14 [ 15 | 16 | 17 | 18 | 19

EXA flow D |[DT| P |PT | Bl |B2| X

U | UT
FLA flow P | PT |PT2|{PT3| Bl | B2 | X1 | X2 | X3 | X4 | X5 | X6 clwlw

Figure 6-3 Flow Time Chart of Transfer Instruction from General-Purpose Register
to Floating-Point Register

TN L X 2 LI L YR X~ D5k

FMOV (general) 4y, FCVTZ* @f7z Ktk \»wT, VY —RZ « LY XX IC SIMD&FP L ¥ 2
R, FTAARAT A F—Yay - LYRZRICHHALV I AL ZBE L L 208EfETcH 5, 2hbd D
B, B—=FANT AT T B0 TART Y FDBIEEI NS, FLAICTHEITEINL#
By NEIEEL A b Y — R - ATV N EFANTARL—Y 2y - 7 — (FLA7 R
=) &, B=F/RIT - XA T A VICTEITINGPAYIEL VAR ICA T v FeEFEA
DID 70 —D22ICHEENTEITENS, ID7u0—130/1FDELLDNNL T T4V ThH
FEITCTE S, 7n—FE{TOXA LF ¥ — 1+ % Figure 6-4 IC/"9, b, FLA7u—¢ LD 71—
BEBRIIEFRPCH 2720, LD 70— 3 XL ICHBITDOX A4 I v S TEITENIAHENEDLD 5,
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12|34 5 6 (7|8 |9|10(11| 12 ( 13 | 14 (15({16(17|18| 19 | 20 |21 (22| 23

FLA flow D |DT| P |PT|PT2|PT3|BI |B2|X|U|UT|UT2|UT3|UT4

1 LD flow P|PT|Bl |B2|A| T |M|B|R|RT

A | T|M|B|R|RT|RT2
nd
2™ LD flow C|W (W2

Figure 6-4 Flow Time Chart of Transfer Instruction from Floating-Point Register
to General-Purpose Register

6.53. IJFIFHF b oEE

AG4AFX TIFE/ NSRRI OIFERC B OB 2Rk 7oy ¥ - = F2HVT A= F
T T TETLTVS, 2070, FFEBMBOEECEFE LA Ty, Ar—7y MITEH
b oEEOZN L 13Tl B b, —fle L CTRERE D FADD (scalar) @D L 4 7 v ¥ 134 90
FAINTHL, TOE—F CEFHBUHPBTRICA v - F =L hoTayFvifbansdi
B, HEDOFLL—vay - 7o —HICHA L CETRBSENT 3,
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7.

A TR

7.1.

AEY - TI7RRFIV—FRAPT - NATFAVICTHUEEINGE, VFR—va Vv - AT —
vavhbRTFEINEZTE—F /A FTOr2L—vay - 7u—lt, ENT FLRAZEIEINT
O—F/ AT - XA TF4 VA EINE, a—F /AT - XA T4 VIRIET P L RZ
axkfToCLIDF¥F ¥y a~T72RAL, B—FDOARL—Yav - 7a—hbidT—X%%5
AHL, AP ToARLV—vav - 7u— b T —2%EZADL, £, v—-F /X FT -0
A794 v EF vy ia I ABOMBELELY RS,

H—F /AT - XA T T4 v OB

O—F/ AT « A4 T4 VDERBRE 2 -0, BIEASATIFTL v - 27—V %
Figure 7-1 1733,

P AKX

0"-pipeline

| LI-DTLB | [ LID TAG / DATA

Figure 7-1 Outline of Load/Store Unit
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MFD&EEY 2 —LOEEIZUTICELD 2,
Fetch port (FP)
0—F /R FTROEFTIEFEZERT2-200F%F2—Th b, mHDNETFO A% EH
9 % Virtual Fetch Port (VEP) & 0 —F /2 + 7D 7 27 % ZEF b &3 % Real Fetch Port
(RFP) 2SEHE I N T W5, VFPIZIE, Ta—FHRice—F /X 7aas A4 v+ — & c#
WUTHNB, RFPICIZ, e —F /A FTDAFL—vayv - 70— fTaInsd L
I, TUr o F7 A=K THY LTSNS, VFP,RFP &b I DERITHTT L7z KF
FCHATREE e b, A v - F—X TS N3,
Store port (SP)
ANTHOETEFEA LT - T2 2EHT2-00F2—-Th b, HDIETFD
B EEM T 2 Virtual Store Port (VSP)& = — F /R F 7O T 7 REFH EH T 2 Real
Store Port (RSP)2SEH XT3, VSPICIE, 72— FRHIC A b TaHd4 vA— &l
DUTHNB, RSPICIZ, AFTDARL—vay - 7u—03FTI3NndLEIC, TV
FeF T oA —XTEYYTOENDE, VSPLRSP D ICA M T@aAa Iy L, X b
7+ F— X 75 Write buffer ICHEATN B LRENS,
Write buffer (WB)
SPICHBALNT - FT—Z%ZLID F ¥ v L ailEBXADHNIIC—HEZR T2 vy 77 TH
5, AFT@H0a Iy FEIEELID F v v a~0EXARBELR DS 3 720 10K
JohTnwa,
L1-DTLB
T - TR ACHERT P L ALEREZRF TS 1 R TLB T 3,
L2-DTLB
TR - TV RRACUERT FL AZHERERIFT 52X TLB TH 5, 4 774
v EIREHEN R WA, m—=F R+ T 2=y PRICEEINLTH S,
LID ¥¥v =
LID¥ ¥ vy a7 —&&X7ERERRTFT 2 RAM TH 5,
EAGA, EAGB
O—F/ZFT@RHEOEMNT FLAEZERT 2HRABRCTH S, A=y PICXGEh
W, NATITA VAT =Y ETRP ATV ICHIET B,

B—F/AF7 2=y PCBWTEH2AK (0F, 1H) 04 774 vpEEINRTHES, 2
BDNATTA VIZEEARCERBEOKEZE LT3, LIDFXF vy va~DHEZALY 7T
A MBI OWTIZ 1 HESL T T4 VORI TE S,

O—F /A T7DRL T4 vFa— ey 702 008EE— FifoTwn3, b
DEEE— Fid. EAWICIEGHICL o TRE->T W3, HMHOBEE— VL, Huo— Fid
® load-to-use L' 4 7 V¥ % Table 7-1 IC/R T, 7272L, 29FEDL A T v Y Fzx iRk 9
I, AR —vay - 7 =3B AHRAT— Y THEETIHEICEVA Ty VB ABTRET
%,
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Table 7-1 Latencies of Load/Store Instructions

Instruction Functional Mode |Load-to-Use Latency |After Latency Change
Integer load instruction Short 5 cycles 8 cycles

Integer store instruction Short - -

SIMD&FP load instruction Short 8 cycles 11 cycles

SIMD&FP store instruction Short - -

SVE load instruction, and part of SIMD&FP instructions  |Long 11 cycles -

SVE store instruction Long - -

Predicate load instruction Long 9 cycles -

Predicate store instruction Long - -

10— F /X T OEARNLHE

O—F/ AT - AT T4 v, Fice—-F AL T@HoAEY) - T2 AL LID ¥
YL aDTF—=RX T ANSTA Ny TENET L, IO RUTOEARNAF L - g -
Ju—TUBEIN,

LD 71—

O—F@fADAEY - 72742 %]
Y a~DT I ADTRTOERELR]

7.2.

|

Y370 —Ths, BT FLAEHL LID F+ v
50

|

STO 7 v —

ZF TSRO T KL A2 e LID ¥+ v aDX ST 2R %{TH) 70 —Th
2, LID ¥¥ v v a~DT —ZDEFEZARITORV, 27T 7R T 5L T,
LID¥¥Yvy>yadby bFxzv2%fT5,

ST2 7 v —

ALFTTF—=2%LID ¥¥ vy 2ilEZAL 70 —-ThH3b, | FE AT T4V TORE

fTC% %,
MI 7 u—

T—X 74 NDI2OD Move-In #BfFZ2fT5> 70 —ThH2, | F¥rvaifrvo
Move-In IC 4 7 0 —% QL T2, 0/1 FOWMANA 774 YRFEMAL T2 7 v —F DEST
35,

MO 71—

FA PN 7DD D Move-Out B{EFZ(TH) 7m—Th b, HEAWIC I Fr v aTA
YD Move-Out i 4 70 —%MEEL T2, 2L, 74 PNy iR Frv a4y
Dclean THBLEIF270—iChb, 0/1F OEAA T 74 vHAERBLC2 77—
o, £72131 7u—FoETT 3,
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7.2.1.

B — N

B — N o EABIEIC OV THIT 5,

1.

O— F@aa2 poP frFic 72— FENTVFPOT v P Y icEIhYCbhbd, v—F uopP
MHE 1 2DILD 7u—L LTRSAICT 4 Ay FE N5,

LD 7 v —AEITHHEIC 72 % & RSA 2 b FfTE %5, EAGA/EAGB ICTEHT FL A
SHEEIN, 0/1FASA T T4 vicAIND,

EAGA/EAGB b A XN/ LD 7 v —lk, AERA 7Y 2 —JICCGEIRI NS & <F 0
TARL O/ FEANAT T4V ICEAESND, FFRCRFPOT Y F VICEMT FL2%kE
AT, 0/1%F X4 774 VI EAGA/EAGB 7217 C7% { RFP & WB b EftEh Tk
D, ENLOARL—vav - 7a—bFETF5, YOoFtL—vav .- 7a—%%ET
TEDEPER T P 2 — T BRET B,

“37 IZBWT, EAGA/EAGB LA EINAZLD 70 —BRA 7Y a—FIGERI N p
572 EIZ0/1 B TTA VITEAINAR G, LD 7 8 — (3 RFP ICEITA[EIRIE TR
W5,

LD 72 —30/1%& 4774 IZTLI-DTLB T7 FL AE#Z{T\vw>oD, LID v v
YaDRTLT—2%FHAHET, LI-DTLB & LID ¥ ¥ v ¥ =2ick v F$hid, gD~
ATFGAY AT =VIR>TCT —Z&GAHL, LY RZ KT —2%FEAL, LD 7
u—DETIIHETT 5,

“5” ICTLI-DTLB Tk v F L7a\r & ¥ X, L2-DTLB & Translation Table % BB IC SR
L, BT FL A EREATS T2, LID¥F ¥ vy v 2 IXAQL TR TMOF Yy vy
BT — 2 ZBFLT —X « 74V %(TH, TDLE M 7E—& MO 72 —2FE
Tans,

LI-DTLB, ¥721ZLID ¥ ¥ v a - IAMHRT 2L, BERFP2ALLD 72 —50/1
FNATTAVICHBRAINTEITING,

LD 7o —RETRT TS —F uOP @iz =2 I v FA[fEE 2%, VFP, RFPO TV |
Vida Iy bEFLT. BfTOou—FRET LTI,

LD 7u—MERIZ LI-DTLB & LID ¥ v v > =itk vy b+ 3RO, HEAWICT 7u—T%RT
T35, LaL, Fvyvia s IZABRETEENL T I V~OFEABBEICR 720, LD
7u— 1 3ERNFETING, F/z, %D Multiple Structures A4 =° Gather / Scatter fiyfr i3 7 F L
ZNR—=VITED, Frvialley FTREETOERD 7o —IcnE I hETINS,

7.2.2.

2 N T A

A b T s DEARBE R HAT 5,

L.

AT pOP T a— F &, VFP & VSPOK TV P U ICEIY BToHND, R

F7 WOP 43k STO 7 0 — & 7 — ZHE 7 v — I F ONTT 4 A8y FE b, STO
—lERSA LT 4 ANy FENE, T—XE7 0 -3 A P TaRfFaO 7 7 —T,

ANTT—2%BLYRAZL RSP ICIEET 270000 DH 5, T—Xfnik7v—3

RSEQO T 4 Ay F &3N3,

T RERET 0 — | ZEITAREIC 7 % & RSEO 2L RITEND, ZOTFT—XEEE70—D

FITIESTO 7 v — & FIEREITH O, EBOBRICEITINE 23R E > Ty,
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3. STO 7 v —XFEITH[REICR 5 & RSA 2L F{TE 5, EAGA/EAGB ICTHET FL &
BEIEIN, 0/1F AT 74 vicEAING,

4. EAGA/EAGB b AXIN/-STO 7u—ld, FAER 7Y a—JcTEIREh3L0/1
T T4 VA IND, [FIFFICRFP £ RSPDO T Y F VICERT FL R &2E XA
T

5. ‘4 ITBWTSTO 70 —AFHER 7y V2 —JIGERIN Ao 2iE, 0/1F 47
T4 VIR AT NTIC STO 7 1 — | RFP ICEITH[REIREE OIS 3,

6. STO7m—130/1%FE 4754 ICTLI-DTLB TF FL 2% {Tvaoo, LID F %
Y aDRIHRLEPL DL EITS, LI-DTLB ICk v F54E, 7 FL 2Zgoyy
FL 2% SPICI#FT 5, LIDF ¥y valcky PLAWVE ¥id, FUOF v v 2 EE
KF—238RD) 722 M 2EHTZ, &5 T STO 7u —DETIZFET T

3

7. “6” ICHWTLI-DTLBICk v P L7x\» & &it, L2-DTLB & Translation Table % EXRERYIC
MR L, KAET F L AZHERE G 5, BUSHIC STO 7 v — 2 HEA T 2,

8. “6" KBWTRBIENAT—ZERDY 722 M, STO 7 0 —DFET L FHIZLICF v v
Va - IADEE TS, COLE, M T7R—E MO 7R —DETINTT—X + 74
AHBTbID,

9. STO7R—C,T—XEGR7 B —DETHTTTHL, AT pOP @i I v FA[EEL
%, AFT uOP @A Iy FEANBEE, RSPLOLALTOYET FLAET =40
WBIcHE 5,

10, WBH5H ST2 7R —MREHINTI1HFENN, 774 VICEAINS, LIDFr v otk
Yy T BT R2EEXABEITHNST2 70 —DETHETT 5,

1. “10” iCBWTCLID ¥ vy ia - IABFEELALLTE, HEFrv 2 - IXOUH%E
79, Frxva - IZPRFRINZLS2 70 —2HEALTCTF— 2 EXARELT

Iy

o

ZFT@EIESTO 70 —TlEF—2EZALRZTbRT, fiSDa Iy MEICST2 7u—T
EXALEITI), HIC, STOZ7H—L ST2 70 —DFNFNTLID v v oI ARNRKET
DATREMEDSH B Z L ICEBELLETH 5,

7.3. Fetch Port / Store Port

7.3.1.  Virtual Fetch Port / Virtual Store Port

AG4FX T AR D ¥ERE % 5D Fetch Port / Store Port ICfill 2 T, Virtual Fetch Port (VFP) / Virtual
Store Port (VSP) 28R XN T3, VFP/VSPIZu—F /R T 7077 L - =X DAk
%EMJ %, FetchPort/Store Port i3Z A, @ —F/ A+ TOT FLRAEREFFLTAE
V- T 7w ZADFETIEF S EM T 5, AE Tl Virtual Fetch Port / Virtual Store Port & X33 % 7=
® . A D Fetch Port / Store Port % Real Fetch Port (REP) / Real Store Port (RSP) & &b 3 %, VFP/
VSP & RFP/RSP DB{% % Figure 7-2 iC7R 9", RFP/RSP iZ1x VFP/VSP O—{D v 4 v F Ui~
vy 7ENTWwW5, RFP/RSP ~D~y 7E, e —F /A FTOFRL—v a3y - 70—
—Yay RT7T—varvhoFETIND L EIfTbNb, RFP/RSPOZ Y F VELL Rz~ y 7
TEhWie®, ZOREMARITHARBE NS, VFP/VSP X7 2 —FIRFICE Y ¥ Torh2Dic
LT, RFP/RSP I A ETRICey v 7rE Ttk wizw, D7 a— FRHCHE
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72 RFP/RSP #Hli{CT% %, ZHICX>TRFP/RSPDO LY U REICEKT 27T 2 — FiFo =
F—AEEGEEL T3,

VFP
[ «— Allocate at decoding.
RFP
A

VEFP can be released A x
when complete. \

Mapped to RFP

when inst. issued.

160 entries

Figure 7-2 Relationship Between VFP/VSP and RFP/RSP

7.3.2.  Fetch Port / Store Port D E| ) 24T

FP/SP D) B THIIMAEIC X > Tk > T3, FAWIC T — Fay4id 1 poP fydric st
LCFPO 1TV FUAEDBCTOHND, ATt 1 pOP @ icxf LCFP & SPDZNZE N
1l IPE Y B THND, —H T, SVE D Gather / Scatter 4 X I8 SVE @ LD[234][BH] /
ST[234][BH]A 1% 1 pOP fr i icxf L THEBD FP/SP O v F U AE W YT oHh 3, &mbHho
FP/SP OEI O YT BEE V4 7 vy —ERICEHL T3

7.4. Write Buffer

AGAFX Tl a Iy PLAERMT@WAHADT—2IEIWBICEEN, ZOHBATVa—FIL»>T
TEDOXA4 I v/ TCLID ¥ vy vallEEZATING, ik, e aIivieFryrano
FHEARL W) 2008 FEEZNHT LT, 231y FORF—AZHIFET 206V H 5,

WB 3HEAMIC I Ty PV BHY 6454 FThHY, 28TV b I2bHK IS, LID ¥x v
Va~EBEEADEROT -2 BTS20, SPEIFERD, TRLRADT 74 AV MIC
BL TR SH 2, WBICIRFFENZ T -2 13, 2OV A XIGLTHYI AT FL R - T74 2
VIERLDBZRERD DL, TIAAVMHIFICGERL T, WBIKT—2%FEADBICT—% -~
=V, TR T AT )y PPN BERRET 2HENDH D,

TR w—=Y, T—X A7 Y v +bDO—fl% Figure 7-3 IR T, WB 264 N4 PROFEEA
AT —RERFFT 2L E, 774XV MIE64ANA P THDIVERDDL, AT - T—2DTF

LABGANA « TIA4 XY PThLGEITE, ”—ﬂuMﬂ4Pﬁﬁ?x79vbén<#
b WBICEZATINSG, KAIC, SPHOLANT « FT—22EXADKACETTZZ VMY

TBERD DHEEICE. Zo v MY J‘ﬂ‘bfﬁﬁﬁﬂ’ﬂ T —REBEXIAALL FTe—VF 2280
TES, v~ —VIERLTZ 2720, T—2ENNIOHHIILID ¥ v v a~DOEZ AR

56 A64FX Microarchitecture Manual 1.0



BN AR BD 2 03B 5, s, WBY—VIEAEY) - A=K v 7 OHilfIN T 5
2o, EigfriizLCuThirbhaviiad &5,
An entry of SP have a store data A and destination address.

M
0 63 0 32 63

A [32~96B) \ >
A

L& [96N . 60B) Store data A is

divided into
two at 64B
boundary at be
written to WB.
(WB split)

SP WB

63

Writing data in 64B
j— units to L1D cache.
(WB merge)

Store data B is
divided into
two at 64B

boundary at be
written to WB.
(WB split)
SP WB
3)
0 63
Free
Free
C 4
WB can writes 4 data (C~F)
to L1D cache only 1 action.
E (WB merge)
SP WB

Figure 7-3 Store Data Write from SP to WB

WBODIY YR EMT T —2EL~—VBREOBEIMAICL o TR %, BAfR% Table
72 IR,

A64FX Microarchitecture Manual 1.0 57



Table 7-2 Data Length and Merge Function Availability for Each Instruction Managed

by WB Entry
Instruction Data Length |Merging
Integer instruction STLR*, STNP, STP, STR*, STTR*, STUR* 16 bytes v
STNP, STP, STR, STUR 16 bytes v
ST[1234] (single structure) 16 bytes v
SIMD&FP instruction | ST1 (multiple structures) — {1D|2D|2S|4H|8B} 16 bytes v
ST1 (multiple structures) — {4S|8H|16B} 64 bytes v
ST[234] (multiple structures) 64 bytes v
ST1[BHWD] (contiguous) 64 bytes v
ST1[BHWD] (scatter) 64 bytes v
SVE instruction ST[234][BH] 64 bytes v
ST[234][WD] 128 bytes
STR (vector), STR (predicate) 64 bytes

75, O—F/ R TDTU b FT - F—XK
FAT
AGAFX Tlru—F /R P 72 HEARMICE7T T L - 47 - AKX TEITLT S, —f
T, ARVIRGFEOHZ AL Tard e v — FardREREGEHBRE L2 ECELWIEF TETL A
Thide b, AEVERFEOD S A P Tardr e v — N i3RI LT o 2 2 o @k ClEF
L% LT3,
Store Fetch Interlock (SFI)
T TE2ALTMHOLID ¥ v vy aHEAR, Thbb ST2 70 —D5%E T T THiE
DOu— FMFOEFTEIFLEIEETH D, BITAFTHEOYIET FL A2MEE L T
2LEIF, BFEOT—F@MHDOLD 70 —130/1F A4 774 vickAEnd, Bfrx b
TOTFLRED—HEMNT L LETEF¥ L, LD 78— RFP TA + T D5
TE TS 5,
RAT AV« 7Fyva
FATA P TR OWELT L ASKRIEED & EOBETH 5, SITA LT oW T
FLZBRMETEORETREREOT - V@D AV IKELZREBTE R WD, BEHED
H—F@fo LD 7 v —EENICEITI NG, 2ok, KfTAFT@HD STO 70 —0
FITRFICETHE O — P07 FLRALHEKT 5, Zhick b, A ) IRESKRIE X
NBERFT@HDAI Y FFICAALTIA4Y » 75 v a%fTwv, v— N aHET
Ihb,

7.5.1.  Store Fetch Bypass
Store Fetch Interlock (SFI) 1 LD X 5 ic, A T AR RICTE T T2 T, Hitor—F
MRDFETZIEDTLE D 2D, HR~DHELRKEV, ZOXFAT 4 2T 57201
Store Fetch Bypass (SFB) 23 FEE XN T3, SFB RETA M TaHT— 4%, #iion— Fardy
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BSPE7ZIIWB 2 OHAHTHETHE, CHICXY, B —FHHIERA N THEDORET 2H7-
FIEITT B LHRTES, 72770, SFBIZ—F Y 2T OEREFK2LFTNTon— FidH e
Z b T DA A DLETETTE 2D TlEAR\, SFB SHRERIMA S DE % Table 7-3 &
Table 7-4 1C/R”" T, 72, AIBRD X IICWBIET FLADT 74 XAV FCHIFIAH Y, o2
VEPIEEEOTOANALNR TR DHEAB LB TERNT LS, SFB 2 EHITEH 51T,
NARZNRDF—ZHBR 1Y FVICINE > TR B LERD 3,

Table 7-3 SFB Availability for Each Combination of Load and Store Instructions

Load Instruction

St LD 1) |LD(2-1)|LD (2-2)|LD (4-1) (LD (4-2) |LD (8-1) |LD (8-2) |LD (16) (LD (32) |LD (64)
ore
Instruction

ST (1) v

ST (2-1) v v

ST (2-2) v

ST (4-1) v v v

ST (4-2) v

ST (8-1) v v v v

ST (8-2) v

ST (16) v

ST (32) v

ST (64) v
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Table 7-4 Specific Instructions of Each Group Shown in SFB Availability Table

Group Instruction Group Instruction
Name Name
Length = 1 byte
Length = 1 byte
LDR*B (general) S%"RB (ger}lléral)
LD (1) LDTR*B (general) ST (1) STR (SIMD&FP) — B
LDR (SIMD&FP) ~ B STUR (SIMD&FP) - B
LDUR (SIMD&FP) — B
Length j 2 bytes Length = 2 bytes
LDR*H (general) STRH (general)
LD (2-1) LDTR*H (general) ST (2-1) STR (SIMD&FP) — H
LDR (SIMD&FP) — H STUR (SIMD&FP) - H
LDUR (SIMD&FP) — H
Length = 2 bytes Length = 2 bytes
LD (2-2) LDR (predicate) : VL = 128-bit ST@-2) STR (predicate) : VL = 128-bit
Length = 4 bytes
Length = 4 bytes
LDR (general) — W S%R (gene};al) W
LD (4-1) LDTR (general) - W ST (4-1) STR (SIMD&FP) — S
LDR (SIMD&FP) —$ STUR (SIMD&FP) — S
LDUR (SIMD&FP) — S
Length = 4 bytes Length = 4 bytes
LD (4-2) LDR (predicate) : VL = 256-bit ST@-2) STR (predicate) : VL = 256-bit
Length = 8 bytes _
LDR (general) — X Length = 8 bytes B
STR (general) — X
LDTR (general) — X STR (SIMD&FP) — D
LD (8-1) LDR (SIMD&FP) — D ST (8-1) STUR (SIMD&FP) — D
LDUR (SIMD&FP) -D . ST1 (multiple structure, 1 register) -
LD1 (multiple structure, 1 register) - (8BJ4H|2S|1D}
{8BJ|4H|2S|1D}
Length = 8 bytes Length = 8 bytes
LD (8-2) LDR (predicate) : VL = 512-bit ST(®3-2) STR (predicate) : VL = 512-bit
Length = 16 bytes Length = 16 bytes
LD (16) LDR (vector) : VL = 128-bit ST(16) STR (vector) : VL = 128-bit
Length = 32 bytes Length = 32 bytes
LD (32) LDR (vector) : VL = 256-bit STG2) STR (vector) : VL = 256-bit
Length = 64 bytes Length = 64 bytes
LD (64) LDR (vector) : VL = 512-bit ST(64) STR (vector) : VL = 512-bit
N N = Y
752. TU b AT F—XETOHIK
B—F/AFT@RAER—F /AP TONRT FLRBRE > T, ERTICET Y b -

F7 =X TEITLTCOED R,
AR ICIE e o TR, DD, WL DDDEEEICELTELNIC A VIKEL R

DR

L LAadb, ~— Y =7 OREHFI» ST ML 2—E

HLCTLEw, 7Y b - 47 - A= XETORIRBHLET 2, UTICZDFEEE2E LD 5,

Predicate fEffio 7 — /X T+ 7 a4 D inactive 23R ICH T 2 HIK)

AEVREOHRE I —F /A P THHEDOTXCOELD active Leb b, ZD7k®
Ak inactive ZEHRD T F L AMITEMA £ VIRIFDIFET 2, BISMIIC, 2P Taao
PR T T inactive DIRFICIT R P TIEZ O b o 3EMEI N 5720, BLIA T VKT
FAL R,
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7.6.

Gather load 431 351 2 il

Gather load i85 D 2 RT7OEFEDOA 2L —v 3y - 7u—pHEInFIcETINS &
T, ZD2XTBEENDI XY v a - T4 VOREB ATV IRIFOMIE AL L 7
5, RED2HEHFDT 7 & AL DOHIFH TEHUURX £ VIRKENFEAET S,

memsize 28 4 N4 FRiO R — F /2 b T ays i BT B HIE

SIMD&FP @ Vector # — F /A F THyfr & SVEDu—F /R F TaHTld, 2% VKT
OBIZ 4 84 MEREMCITONE, 7272 ZADEET FL A LKIRT FLAhBzEn
FN, 44 MRBICAR D X IIERI NG, 20720, ZOIEES N TR A £
VARTEDFET B,

Multiple Structures i1 3517 2 il
Mwmk%mM%ﬁ%M78ki®ﬁ%@l5'X%U'77%XHVVXﬂ$ﬁTﬁb
Nz, N0 AEY - 772 ZADZEM L memsize & Element (. L Y XA XA DFEE L
TMY /b2, Ebic, AEVIKFOBRERF Yy 2 - T4 vehd, T/ wR%
MIcEENEZFryva - FA VBTN TRIEERE 2B, 207D, KROT 7R
P LIS CEEBLA £ VIKTE DS HE T 5, $£7-. SVE ® LD[234]/ST[234]ic BV Tld, &
I Vector Length 2% 512-bit TH % & L CHbh 5,
AKBEHFEZFE/-<u—F /X b Tamics T i

B &b memsize D TT 74 A v bENTwbuo—F,/ R b Ta4ad 4KiB R %
FWTT 7R T 2L E T, AR VIKENTEAYET FLATHRHE N RV, 20D
TOYERT FLABEL L L ETH, BUAE VIKESRKEET 25605 %,

4v 774 bhou—F /2 Taaicsd 55

O—F/ANT - XA TFTAVEBA VT TL Phovr—F /R Taraflo X € )ik
BREERYHET FLATITbIh ARV, ZO-0YMT FLABELDL L ETYH, S
E VKTV RET 256085 %, CoflijigA~Lr—vav - 70— FP, WB ICFAEL
T3 & EITIFEL R,

AFTWEDOLID ¥¥via - IRICET LI

ZFTWBHBLID F ¥ via: I2%2T3L, 20BKEOT — F@did X VIKFOR
WAEEEYET FLATRITON AV, 2007 FLABERAZ L ETH, 5
AT VIKEPRET 256055, COHIFINIA P T@MEDOF v v oo - I AR
THLEHEING,

o O —

XA TTA VS

O—F/ X7 - RN TTAVDOFNRNATIAVE1TANAT T4 VIIBREICER D B, £
DD, FNEFNDAL T4 VY CHEDA_L —vay « 70— 3ETCTET, EfTa[hER <
ATSAVICHRIR DB 70 =055, 72, 70 —DHABDLEICK > TIZOHFR A TF4 v
EN1FBAATTAVICHEFICEATERWD DD H L, HEF L —vav - 78—D [ 754
v OERAZEFIILLTO@EY TH 5,

Ml 72—, MO 71—
oD 7u—3NT 270 —%RTELTOHFE A TIA4 v 1% 4754 Vi

FRCHEITEN S, Thbdb, Zofho 7 e —LRIFHICETING Z LTk,
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e [D7u-—
0FRNATTAVE NI FENATITAVOMGTTEITTE S, 277 L, ST2 7 v — L IXFIF
IWEITTE R,

® STOZ7w-—

0FNATIAVENIBASNA, T T4 VDM TEITTES, — DX T7HHDSTO 7 1

—13 ST2 7 u— L [FAIRFICEITTE 3,

® ST27mu—
1HZESRATTAVDOATLIETTERY, TOLE N FE M TIA4VIF—HOX T
s STO 7 v — L 2[RI Ic EfT

TERW,

ST2 7u — L [FIBFICETTCELRARL— a3y - 78— ZSTO 72 —DATH 5, 727701,
FEEH R EP LT RTORAMTHHD STO 70 —NETTELZDITlEAR, ST2 7r—¢
[FIRFICEAT R EEZR X b T & % DEM% Table 7-5 IR T,

Table 7-5 STO0 Flow Conditions

SIMD&FP
instruction

ST{U}R - [DQ]
ST{N[}P - [DQ]
ST1 (single structure) — D

ST1 (multiple structures)
ST[234] (single structure) — D

SVE instruction

ST[1234]D (contiguous)
STR (vector)
STR(predicate) : VL = 512-bit

Instruction Condition
) ) ST{T|U|}R - X
Integer instruction
STP{N[}P - X

Addresses are at least 8-byte aligned.

ST1B (contiguous)

Addresses are at least 8-byte aligned and all of Element[8n] —

Element[8n+7] are either active or inactive. Figure 7-4 shows an
example.

ST1H (contiguous)

Addresses are at least 8-byte aligned and all of Element[4n] —
Element[4n+3] are either active or inactive.

ST1W (contiguous)

Addresses are at least 8-byte aligned and both Element[2n] and
Element[2n+1] are either active or inactive.

ST1[BHW] (scatter)

When Element([n] is inactive, the STO flow corresponding to this
element can be executed simultaneously.

ST1D (scatter)

When the address in Element[n] is at least 8-byte aligned or its
element is inactive, the STO flow corresponding to this element
can be executed simultaneously.

Z register image with size .B

/ t !

Element[8n+7 ... 8n] Element[15 ... 8] Element[7 ... 0]

\: active \: inactive

Figure 7-4 Example of active/inactive in ST1B (Contiguous)
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7.7.

7.8.

Fyvva-T74v-70R

o — Faraoficid, 27 Ed memsize ERICT FL R - T4 XAV FBMREEIS LT3 &
ECHOoTHAEY - TI7RDOHFAVB2ODF v vy a FAVICELZRDILEERDH L, ZOD
IomA®) - TI/RREFY v 2 TAV - 7BR(TA4YV - 7BR) LIEL,

FAV - 7BRCBVTIE, MADFYy vy v a - FAVBFryva by b TERI<FL
TARRELARY, ZOLE LD7r—31 70 —T% 7453, =T, F¥rvra- - IZANR
FRELZLER, Frvia- - IREhohFy v o FAVBRAFDADEETH->TDH,
ZOLD 7u—2fER3Fryra - IRELTRbNLS, £/, MAOF¥yvva - 74V TH
Yy va - IAPFELEZEEZR, 2200F vy v o - I AONMEEICGESRITE 3,

B, 74V - 7RI —-FHoRICHEETSE, A FTaooEA&, WBICTEEIALD
TELVARTIAAVFEINET-0TH D,

Rk — 1 /2 b 7 i OB

7.8.1.  Multiple Structures 4%

SIMD&FP @ LD[234] (multiple structures) / ST[234] (multiple structures). 35 & U* SVE
LD[234][BHWD]/ ST[234][BHWD] & DEEIC D W CEFHT %5, &k, mPoftkboRi e
L Tl LD1/STI1 (multiple structure) % Multiple structures fy4 ICJE T 5 25, D OEMEDE V5
AEICOFTIADNRIC I S 7\,

Ta—F AT =VNMREEITAT =V 0

Multiple structures i3 1 R CTHEBMD T AT 4 2 —va v - LYRXEFOMATH S, T
NoompiETa—F - A7 —VICTHED iOP iy ic 7 a—FEhd, HARMITIET AT 4
= ay LYRZEG D uOP e FicafEins, 7Ly v s - 2—FickoTid, &
LIZT FLAERD 7= ORI 7 pfOP @ 25B8MENE 2 &b H b, T OFIB) pOP fr it 7
FLRAEEDAZITW, AV T 7R3 {fThbhvwkzou—F /A7 2=y McidEshi
Vo O pOP AT A P TRV THFEERTH 5,

O—F/ZAFT7 - 2=y MZELND pOP FIIAEY + T 7 RADDD pOP D HT
Hb, ERNCWET AT 42—V ay - LYRXEEFE—TH 523, LD[234][BH]/ ST[234][BH]
BHICB o TRHETRAT—VILBLTEIHI4HE I NG, EHHOou—F /X7 - 2=y |
kSN 5 DI 7 v —4$% Table 7-6 IS T, D70 —HUIEE FP/SP OF| b % T
FELv, Z2NENOSBEIIGAEE L ATy —ERICETHL T 5,
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Table 7-6 Required Number of Flows for pOP Instructions Split from Architecture Instruction
to Send to Load/Store

Architecture Instruction Required Number of Flows

LD2 (multiple structures)
LD2[WD]
ST2 (multiple structures)
ST2[WD]

LD3 (multiple structures)
LD3[WD]
ST3 (multiple structures)
ST3[WD]

LD4 (multiple structures)
LD4[WD]
ST4 (multiple structures)
ST4[WD]

LD2[BH] 8

LD3[BH] 12

LD4[BH] 16

B—F/ANT - RF— V5 R

LD[234][WD]/ST[234][WD] it Tlx, " —F /R }T - 2=y PCEOLNERAEY) - T ®
ZD7H—F, TZRZA T FLADAZ—VIULGLTE LI I N3, LD[234][WD]/
ST[234][WD] @D AEY « T/ AT AT A A=Y ay - LYAXHATITODNE, OF
D, 170—H720VDAEY « TI7RADEMBFLIAZDORI ML - T—2RX VALY,
LIDF¥F ¥ v a0 LIRI VAL B2 2052, LID F¥ v aDii I LiEIL 128
A, 2212874+ - TIA4RAVITHDE, ZD/zD, 128 N4 FEREZ L7 v —1350E
I, 7a—HTO/ 1 FE AT TA4 VITEAIN S,

—ffl & L T LD3D (multiple structures) @y @ 7 v —7E|A4 A — 2% Figure 7-5 IR 3,
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1d3d {z3.d, z4.d, z5.d}, p3/z, [x10, #0 mul v1]

1* execute flow — 1* memory access flow

| |
0 8 | 128 1256

Memory [ [ ] - [] ’ lmjjIIIIIIIIIIIIIﬁD

1¥ execute flow — 2™ memory access flow

| |
08 | 128 1256

z3.d

Memofylll"'[l-l-l.:[j:l:m:l;[j:l?:lj

d
2" execute flow — 2™ memory access flow

0 8
Memory [ 1] - ﬂjm;lI;IIF[IFD]

d st
3" execute flow — 1% memory access flow ‘ ‘
1128 1256

Memory (17 -+ [T T T W] ECEECRECEE mECEEZE
se EMCTTTTT

3" execute flow — 2 memory access flow

0 8
Memory ﬂjﬂj@w

d d
3" execute flow — 3" memory access flow ‘

|
1128 1256

Memory [ ]+ [T [ [ M1 ﬂm
z5.d I 0 I

Figure 7-5 Illustration of Splitting LD3D (multiple structures) Instruction Flow

7.8.2.  Gather load / Scatter store fiy 47

SVE @ Gather load fiv4r (LA, Gather iv4y) & Scatter store 4> (LARE. Scatter fiv4y) |
STEHBMOMBL 727 FLRACHLTAEY - 7272 ZXT5MATH 5, £MTEVX@/—
AR FRGYRD—SHRRT PV LYRR BB DT Eh b, ERT P LR GFE/ N EE
FRNATITAVCEHEINS, 2D», B oa—F X} T4 SVE © Contiguous 2 —
FARM TR 3B~V 2TEFL k%,

A64FX Microarchitecture Manual 1.0 65



Fa—§

Gather / Scatter fp P (TBHF O T — /X b 7arh & 8 b 1 pOP drfr it L CHEELD FP/ SP
DY FIDPEYDUBTOENSE, TN Element ZEIWCAEY - TIZ AR L TWSEZ &H
5, B—F /A7 2=y b DALY Element Z & I3 2729 TH 5, Gather firF il B W
T, = FmHICHBELLTSPOT VY FIAE VU CTHLND Z L ICHFEBELRMLETHD, 2D
IO FP/SPOEIY U CE T L0, T 2—XIZFA—3 4 7 0T Gather / Scatter fiy
HDVTND 1 MRDHRLLETI—FTERVEVLIFINLED Z, ZoMiomibdTFa— T
BWRT, Y= vyyr - 7a—FXVmnfiliy & 725, Gather/ Scatter iy ICJE T 5 & sy
D pOP # & FP/SP OF| b L C# & DEAR % Table 7-7 ICR~ T,

Table 7-7 Number of pOP Instructions and Number of Allocated FP/SP Entries
for Each Gather/Scatter Instruction

Number of pOP Instructions |FP SpP
LD1[BHW] (Gather) - S 1 8 1
LD1[BHWD] (Gather) - D 1 4 1
ST1[BHW] (Scatter) - S 8 16 16
ST1[BHWD] (Scatter) - D 4 8 8

Gather fiFICBWVTIE, 1 T—F T 27 F ¥ rfid 1pOP M ic7 a2 — F & 525, FP/SP Ik
Figure 7-6 IC/R T X S ICEHBEOZ v + UV B3F D ¥CobN b, Gather pOP iy rid, EX7 FL A%
T2 FLA N4 794 vIicEERtT 2 RSE0ICT 4 A8y FE3 N5, TRL YV 7P “scalar
plusvector” ® & &3, ALV AZPLDR—=ZAT FL R - F_J v FigiX) 7 T2 + 3 RSE0
KT 4 ANy FEND, Gather iR ICEIT 5 ) 7 TR DA A~ % Figure 7-6 IR T,

ldid z1i.d, p3/z, [x1, z2.d]

Only 1 architecture inst.

Decoder
]

Request for calculating effective address (FLA).

l Request for translation from GPR to FLA (EXA).
A\ 4 A\ 4

Y Y
RSEO | |RSE1 | | RSA Fp sp CSE
4 entries are 1 entry is 1 pOP inst. is
assigned. assigned. assigned.

Figure 7-6 Requests of Gather Instruction

Scatter A FICHBWVTCIE, 1 7T —F 7 7 F ¥ v 4rid Element BUTIE U T 4 pOP fy 4y, 7Zav> LId 8
WOP a4 ic 7 2 — F &%, FP/SP i Element B & [RIBD T~ + ) 23&I D 4T o5, Scatter fiy
4% Gather i L 13 R Y | HEOEMT FLRHEDZDDY 7 T X P23 RSE0 ICT 4 A%y
FENDE, EHIT, T IALIREDBHLANTT—2% SPICHE%T %Y 7T A+ b RSEO
) 7T AFEND, Scatter DY 7 T A DA A— % Figure 7-7 ICR T,
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stld z1.d, p3, [x1, z2.d]

Only 1 architecture inst.

Decoder

2 requests for calculating effective address (FLA).

‘ 2 requests for translation from GPR to FLA (EXA).
A\ 4

Y Y
RSEO | |RSEL | | RSA FP SP CSE
8 entries are 8 entries are 4 pOP insts.
assigned. assigned. are assigned.

Figure 7-7 Requests of Scatter Instruction

B, T FLy v v 72 “vector plus immediate” @ & % (FHMEAS T 2 — &2 & [EE FLA 1<) X
NE7D, BEPFL VREZPLR—R - ATV FEREETE ) 7 2R FIEKIND,

FHT P L REE

Gather / Scatter iy D FEX T VL R HE OWE % Figure 7-8 ISR T, EXT F L A DERK I8
WoOa—F /A MTWMHEDOZNEIRALY, R PAVERBCEIEEING, 27FL, ETFL
A%FITHTELDIEIFLA XA 74 Vv DATHD, T FLy vV 7D “scalarplus vector” D &
BBV YA LD 0 FLA HREBRICN—R - A7V FRInET 20818 H 5, 2 OfnikiddE
BLIURZDPLBEXA N T4 vERZEHL TiTh s, FLAEBSR TR INZENT FL R
lXFP & SPICH T ONT—HHEEI NS, ZDL X, FPOEZXALKR— LIBT3 HADED
IZ, o4 D EAGA/EAGB ¥4 77 4 v~DFITIRHIREI N 3,

Gather T4 CIXERT7 FL 2% FP & SP 1T/ CTIRET %, ZNICH L T Scatter fir4 Gl
% Element DEZN T F L X 3EFIIC FP/SP DT v + VICREEI NS, F7-. Scatter i T~
JIV LY REPLANT T =2 %RET 2LERHY, 2DV 7T A FLA S 754
VERFo THUEINS,

| RSE0 || RsEl | RSA |
1 —-. Operations issuing
T=1=---I"7 arerestricted.
Y Y Y
Request for base address | GPR |
translation. (GPR — FLA) | l
| FPR |

Request for calculating
vectorized effective addresses.

». Y
~ Y
Writing effective
| — addresses for SP.
Writing effective addresses vV V i
for FP. FPo| | sp |

Figure 7-8 Effective Address Generation for Gather Instruction
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AEY - T IR

Gather / Scatter fiv 47 134 Element 23 FID X €YD « 7 F L X %253 720, HAMICE Element
REFOAEY - TR E LTRbDILD, FFIT Scatter i iz A — &V v 70 s 5 7z
®. 4% Element (Z5Z2WIHMDOR 7o 70 —L LTINS, OF 0, 8 Elements
Mricix 8 D DffI = b 7ic, 16 Elements Bfic X 16 fOfEBI R + 7 & LTI N D, fix D7
o —CEEILEFE R P T 0EANIE L FEKTH B,

—7 T Gather iy 13 7 7 —EHEK OB A O R 2 BB TfTb 2, 9. _Z VD
Element IC 5 W THRED L 2 72 nEE b, ILIC2TRT7T271AT57 FL x7ZEH
HFE—D 128 N4 PR D 128 N4 P ERICINE > Tan e Ficnfldn g, KAICH—2EH
IKINE » T LEadEl E iz v, Gather D AT - 7 27« A DBK % Figure 7-9 IR 3,

1did z2.d, p3/z, [x0, zl.d]

Initial state Element 6 is inactive.

e [ T T S < [NC): I

oy [ T TOEEE 0

A pair of elem 0 and 1 is
written in one flow.
IEEEEEN
2" flow

ey [ ] THEFE | O
SEEEEN: )

oy [ ] SEISH (WG] [N D

4" flow

vmory [ | 00 H HE )
A pair of elem 4 and 5 is
z2 D:m written in one flow.
5" flow

Memoryl:n| || || |§] || ]

Figure 7-9 Summary of Elements for Gather Instruction
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T2, NS D2 T D D Element 8 Inactive DGEIFZAEY - T72ZADT7u—Z DY
DHHIBEE N B, A64FX TlE. Gather ff D 2 =7 T2 DFEITDHERE % Combined Gather HEAE
EFRL T3,
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8. 7 B L AL

8.1.  Translation Lookaside Buffer (TLB)

AG64FX ® TLB 4/ % Table 8-1 IC/" T, TLB Ity e 7T —2HARFEEINTEY, ZhZth
2SL1-TLB & L2-TLB D 2 fEIC > TH Y, LI-TLB I 7V - 7V ¥ 7 7 4 ThEET, ARE
AT AT Y XL FIFO HREZHA T 5, L2-TLB it 4-way Dk v + - TV T 7 4 7HEE
T, ANBEZT7ATY RAICIEZLRU R E2RAT 5,

¥ 72 A64FX @ TLB % Contiguous bit Z ¥ K — 3%, Contiguous bit 23 v F TN T\> 5 Page
1Ty b CEEREREL TV 5,

Table 8-1 TLB Specifications

For Instruction For Data
Association method Full associative Full associative
L1 Number of entries 16 entries 16 entries
Replacement algorithm FIFO FIFO
Association method 4-way set associative 4-way set associative
L2 Number of entries 1,024 entries 1,024 entries
Replacement algorithm LRU LRU

8.2. Translation table cache

Translation table 3% DV U — K& % & U | Block / Page descriptor %15 % 72 & I (A D £ £
V-T2 REETE, TOXAEY - 77w AR EFENT S 2 L 2 HM & L T Table descriptor
% —RFIC R 773 % Translation table cache 235825 X 31T\~ %, Translation table cache |3 LRI
DRGHi%Z HI & 3% 5T TLB L #3228, TLB 2% Table walk Z D b D DFEZIET 2 2 &
ZHBIE LT3 DIcxf LT, Translation table cache 1% Table walk FD A €Y - 7 7t R X »
THRETZLAT VL RHIET 2L 2HAME L TR LW HIEVED D,

Translation table cache |% Table 8-2 IC/RT X HWC TN - TV T T4 ThiEx &5y 77 CTh
5, TV FUHEUT16 T, % v b UICTT Table descriptor % {53 %, 7x¥. Table cache ICfRTF
X 415 Table descriptor 1% 2 A7 — Y ZHAD 5 H Stage-1 DD DT TH Y| Stage-2 D b D IFRTF
TN,

Table 8-2 Table Cache Specifications

Association method Full associative

Translation table cache Number of entries 16 entries

Replacement algorithm LRU
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9.

Fryvra - T—F77F%

9.1.

AGAFX i34 v F v I C2lBEHEROF v v 220, L1F vy v aliFuawyd - a7
MTEEINTEY, AL T —2HO 2 EHLEH 5, L2 ¥+ v ¥ =23 CMG HiTEEI N
TEY, vt T—2TCHETZ, EFr v v afloF—2@3 —FrvzT7ikoTae—L Vv
ADMRFEE N B,

Frvia, AE)EEOES

Figure 9-1 IR T LI, L2 F v v v a b AEVEEIZ 45D CMG b3, CMG [H
I% ccNUMA(cache coherent NUMA) 7 — %7 7 F ¥ 2L T3, A€V CMG D L2 ¥+
vy ot DARERIN, CMG T ICYHET FLRAERESE I THE, L2F X v adrbd
Read / Write ¥ 7 = & b ¥, MAC (Memory Access Controller) Z /L CAXEVICEDLN S, L2 F
¥ v ¥ a2k MAC & OEICIZ Move In Buffer (MIB) &IWEEN 2Ny 7 735 Y, MAC~D4 v 7
FAPDY 7R HEHT 5,

Figure 9-1 IC/R T X 512, CMGRIIZ L2 v v 2B Ic T v /G cEfian s, L2 ¥+
yVafiliia—F v zTICIVae— L Yy AR RIEI NG, L2 F ¥ v v aFdidTmoES 2

HEONRTERIN TV,

MAC MAC
[ MIB_] [ MIB_ ]
L2 L2
MG 2 | RT e — RT | MG 3
CMGO o |- > r | CMG 1
L2 L2
| MIB_| | MIB_|
MAC MAC

Figure 9-1 L2 Caches and Memory Levels

Figure 9-2 IC/R 3 X 5, LII/LID ¥ v v ¥ ald7unty ¥ - a7 i EI N, CMG
D2 F¥ryval——THEi&ENs, CMGHDLII/LID ¥ % v ¥ 23R L CMG ® L2 ¥ v
v aEHEL, LH/LID ¥y vy a7 —2 32 Fy vy all@l&EEN5, LID¥F vy vy va
EL2F vy v aF E N HMPMIT L2 NRCEREIN TS, LID¥F Yy a2 F v vy
2 OEICE MIB 12/l . T MOB (Move Out Buffer) 2% %, LID ¥ v v ¥ 2 (¥ Move-ln ® Y 7 =
A+ & Move-Out DY 7 T X+ ZIEFIHICEE T IEEZ L > TE Y, HlhaoFa—nFEEIN
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T3, Table9-1 ICF RN RADHIEZ E L0 3, NZADERTIC X Y FEHEA IR Z 2 LI
BRMETH D,

MIB I MIB I MOB I

Processor core #0

MIB I MIB IMOBI

Processor core #1

MIB I MIB IMOBI

Processor core #12

Figure 9-2 Connection Between L1 and L2 Caches

Table 9-1 Bus Throughput

Direction Bus Throughput

L2to L1D 64 bytes / cycle (per Core)
LID

LIDto L2 32 bytes / cycle (per Core)

L2to L1D 512 bytes / cycle (per CMG)
- LIDto L2 256 bytes / cycle (per CMG)
L2 L2to L2 64 bytes / cycle (per Ring)

Memory to L2 128 bytes / cycle (per CMG)
- L2 to Memory 64 bytes / cycle (per CMG)

92. F ¥ v DA

92.1. L1 ¥ ¥ viaDRk

Ll ¥% v aDEAMER%E Table 9-2 I3, LID ¥ ¥ v v 2 limSOEEICL>TT 7%
RV ATVIBSFATIADLL 11 A 7 AT TCENT S, LIDF vy ralZFEFic2 oo
—F., £21F 120X T H2ZF T 3,
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Table 9-2 L1 Cache Specifications

For Instruction For Data
Association method 4-way set associative 4-way set associative
Capacity 64 KiB 64 KiB

5 cycles(integer)

Hit latency 8 cycles .
(load-to-use) 4 cycles (SIMD&FP / SVE in short mode)
11 cycles
(SIMD&FP / SVE in long mode)
L1 cache
Line size 256 bytes 256 bytes
Write method - Writeback
Virtual index and physical tag Virtual index and physical tag
Index tag (VIPT) (VIPT)
Index formula index A= (A mod 16,384) /256 index A= (A mod 16,384) /256
Protocol SI state MESI state

R=Y P A RDERIC Lo TIH Ll F¥ v aTy/ ARERRET 2, LI Fv v ald
BRRMKBD4way Y b - TV TTA4THRTHLZ D, ZDA VT v 7 23 16KiB
TME LD, ZDEE, =YL LT4KiBpage Z:ERL T2 LT FL AD bits[13:12] ICF
WTY /) ZLAPEID DB, AGAFX ZN—Fv 2 TICkoTr/ =2k ElT2L91Ch>T
w3,

922. L2 * ¥ viaDREk

L2 % ¥ vy oD% Table 9-3 ICRT, L2 F vy ald7myd - aT7eFryralod
MERRICL STT 78R - LATVIRRRLED, Fryvia-by bFOLA TV
3T~4TH A It rd, L2F v v 2370w ABOA v F v o RBEERBENT 2720104 v
Ty I RENAY Y2l Twb, £, 2NV IZHRICE>TEY YT FL XD 5 5 bit[8] T
AvE=Y—=T LT3,
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Table 9-3 L2 Cache Specifications

For instruction and data (by shared)

L2 cache
(shared by
instruction &
data)

Association method

16-way set associative

Capacity 8 MiB

Hit latency

(load-to-use) 37 to 47 cycles
Line size 256 bytes
Write method Writeback

Index and tag

Physical index and physical tag (PIPT)

Index formula

index <10:0>

= ( (PA<36:34> xor PA<32:30> xor PA<31:29> xor PA<27:25> xor PA<23:21>)
<< 8) xor PA<18:8>

Protocol

MESI state

9.3.

¥ryvyia-ab—L VYR Tubanr

AGAFX TlEKF v v iailoat—L v RE~n—Fv 27 IC ko CTiRiEEng, —&HEo 7
v b a2 MESI 7 a F a v BB LTCWwWS, MESI 7R FarD&ERT—bE, %
DAT— MY 5 5 F B K% Table 9-4 I/ T,

Table 9-4 Details of MESI Protocol

State

Possible Cause of State

Data has been modified from
main memory values (Dirty).
Other caches at the same level do
not have the data.

Data filling due to a store demand request.
Stored in a cache line in the E/S state.

Data matches main memory
values (Clean).

Other caches at the same level do
not have the data.

Data filling due to a load demand request while other caches
do not have the data.

Data filling due to prefetch access with a predefined type
attribute while other caches do not have the data.

Data matches main memory
values (Clean).

Other caches at the same level
also have the data.

Load demand request in the E state, or data fill request due to
prefetch access with the Read attribute.

Condition

M Modified
E Exclusive
S Shared

I Invalid

A cache line is invalid.

Other caches request data when the data in the E/M state.
Data writeback.

9.4.

Move-In / Move-Out

HrFxvvafE@~0T—% 74N /F4 Ny 2k ¥ v Y2 llNT 5 Move-In,
Move-Out & FEIE N 5 #/ECTiThI 5, Move-In, Move-Out E{EQEERZUTICE LD 3,
Move-In
ZOF vy v aBRBIINLCT—2EFEZAR, 2 7OHEEAAR, AT — F DIREZFEH
L, 7—20abt—LvRERXEY) - A=KV v I7OBENZHEET 2 EETH B,
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Move-Out
ZDF vy iaEEicEnT, T—20mAHL. 27D TF— FEMLEITVL., T—
ADAL—LVREAEY - F—X) Vv ISOBRENEET 2IRETH B,

F—& 740N,/ T4 by 271 Move-In/ Move-Out - EZ A G DL T TS, D F %
vy aBEICE T AEANZF Yy v 2 - IXDUHIIZLUTOEY TH 3,
1. FiRE»S5 ) 7R P 2ZTEY, BHF ¥ v v aBBICELYT FLADT — X
BHLEPEIPEF Y 7T 5,
2. Frvva- IAPHEETSLE. RIFALZYV AP EMIBICERL, T HICTAL
D¥vvia, AEVEECRET D,
3. BA¥vyvvalEBICT—% - 740TE200%EE T VB ECESE, HoT—
X % Move-Out 3 %,
4, ToFyvrva, AEVEEILT—2DIELHLEAT Y v v 2 fEEIC

Move-In 3%,
5. Move-ln L7257 —2%FHAHL, V7R MERIETH 2 FiEEIc T — 2 2 0%
¥ 5,

LIFyyda, R2Fry a2 b il@#BOFry v IADUHEAL Y754 FTE S,
A v 77 4 FHD Move-In/ Move-Out 2 EH T 2 720 DEIFE, £ LZ 4L Move-In Buffer (MIB)
& Move-Out Buffer MOB) Th %, & ¥+ v ¥ 2 fEE O &% Table 9-5 1T T,

Table 9-5 Quantity of Queue Resources at Each Cache Level

Queue Type Number of Entries

MIB 3 entries / core
L1I cache

MOB

MIB 12 entries / core
L1D cache

MOB 4 entries / core

MIB 256 entries / CMG
L2 cache

Store Lock Register 244 entries / CMG

L2 ¥ ¥ v ¥ 2B TiE Move-Out 7 — X 1ZEHE MAC ~EXH SN 5729, MOB IZTFEL 7
WV, — /T, RAEZDEAEERILT 5 72912 Move-Out #{EHCdH % Z & #7/~7F Store Lock
Register BFEZEINT VS, TOLVRAXDIY P IEBIA Ny Z7ICBFEA4 774 M
D ERZPGEL T2,

9.5. Move-In Bypass

Rifficili_7z X 9ic, Frvva - IALAENRT 2% LuEEOoF» v v 2l 5ETE S
Dl Move-In BFET LB TH 3, LarL, MoveelnE T £ TTF —x2)u&%FoL, 2007 T
A - T ACKEEAET 5, ChEEET 272910, AG4FX Tlid Move-In D5E T %72
FIC LD F ¥ v & 2B ICT — X 5% 3 % Move-In Bypass #AEZ 2L T\ 5,

Move-In Bypass i3 A €Y + 7 7 v A% MM CcE 22, 2COFrvyva - IRDY TR
M LTIThR 3 b Tidawv, FFICLID v v ¥ 2l 20nTid— F 7 = 7 ORI 2
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b Move-In Bypass 23 FJREZe iy 23 RIE X415, LID F ¥ v ¥ 21T > T Move-In Bypass 73 C
% iy % Table 9-6 127837,

Table 9-6 Instructions That Can Execute Move-In Bypass on L1D Cache

Instruction

Classification shpcee

LDR {B[H|SB|SH|SW|}

Integer instruction LDTR{BH|SH|SW|}

LDA {P[X|}R{B|H|}, LDLAR {B|H[}

LDR - {BH|S|D}
SIMD&FP LDUR - {BJH|S|D}
instruction LD (single structure) - {B[H|S|D}

LDIR - {B/H|S|D}

9.6. Zero fill

ARMV8 fiifrt v MiZidF vy v a - AV T F v Ramaré LTDCZVA B ERI LTV
3, ZOMHIE, MATHERLAEKET FL A28 7 ry 7KL c¥e s —2%2FHEADL
AG4FX Tid, DCZVA M L2 ¥ v v v afEicxd L ey —2EERAREITI,

DCZID ELO ¥ RAF L+ LY RZDPIRT 70y 2% 4 X Fvvia 74 - $ 4 XLFELT
H%, Figure 9-3 IC/RT X Hic, Futvy ¥ - a7 TDCZVA manETE N enr—F /Xt
T2y b ERBELTL Fryyvalitor—XHEZARD) 72X b %ELNS, L2 X+

Yy alIDCZVA V7 A 2RIFHWBE L, BEDT FLRICWIET 2 F vy o - 74 Vi

LT F—2HEALET D,

Zero fill request for
address A. Store [A]

w1 [ [=

L2 o o | o o [Xamm

weory [ ] ][] B

The cache line that  The cache lineis  The cache line that The cache line data

contains address A written with all contains address A is will write back to

is assigned. Zero. copied by store inst. memory with step-
And the line is written by-step.

with value X.

Figure 9-3 Basic Zero Fill Process

LR2F Yy a2 lliBET FLADT —EBPFHELEVEETH>TdFryia - IREWER
L, AU PLDT—% - 74 M EREIX TNV, £/, LIDF ¥y v v 2 iCHEESNAZTF
LADT —ZHBEHET 5 L ¥ X Figure 94 ICRTLIICLID F ¥ v v a DT —XBL2 F v v v
274 PNy s InRIcE e T — 2 EHEAB2MTbN S,
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Zero fill request for

Data at address A.
ata at address Clear data. address A.
1
LD | Q1 B1] o]
Write back. Write zero. After here,
” the same as
L2 E> i E> | E> [0 E> basic zero

The L2 cache line that fill process.

contains address A.

weory | ][] [ ]

Figure 9-4 Zero Fill Process When L1D Cache Contains Data

DX, DCZVA A 3—MaA P THa L 3EZ A, AEYVAHL2F Xy and
F— & 7 ANEEREBRT 5, ZNICL o TAE Y E~DEXALBICEIT 2 A2 ) EHHo
HWEEIMZ, EAR VB ERET 208 TE 3,
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10. Memory Access Controller

10.1.  Memory Access Controller D 15X

Memory Access Controller (MAC) X, A4 vV - A ) OHAHEE#To>2=v +THD, A1
Vo« AE VITIIE 2 R D High Bandwidth Memory (HBM2) % LT\ %, MAC 134 CMG i<
1 OoFoREIN, ZNEFNHBHBM2 D 1 Fv 7 & P2P THEfiIh 3,

A64FX O MAC 23 %K — + 3% HBM2 DEEIC % Table 10-1 I/~ 3,

Table 10-1 Specifications of HBM2 Supported by A64FX

Specification

Memory standard HBM Gen2

Memory capacity 8 GiB (8Gib x8 stacks) / IMAC

Data rate 2 Gbps

MAC (2 HBM2 ORI ICHERL L DD KIBD AV — Ty b 218572012, 7 7 & AEF % Hil{H
TE2HODART YV a—TF%FD, A7V 2a—7DY YV —RH % Table 10-2 IR T,

Table 10-2 Quantity of Scheduler Resources for HBM2

Quantity of Resources

Scheduler queue size 244 entries / MAC

102. A€V - 77X A

AGAFX DEARZ A2 Y « 7 7 & ZAPERE% Table 10-3 IZ/89 ., Zad. MHEEIZ CMG 729 @
TRETH 5,

Table 10-3 A64FX Memory Access Performance

Memory Access Performance

Local memory latency Shortest core 131ns (@ CPU 2GHz)

(load-to-use)

Longest core 140 ns (@ CPU 2GHz)

Read throughput Peak 256 GB/s (per MAC) (@ CPU 2GHz)

Write throughput Peak 128 GB/s (per MAC) (@ CPU 2GHz)
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11. T—X 77 LvTF

TV 72y F e, BEFERICHHAS TR E NS T — &2 2 FATICE
Lo mi%léﬁﬁf%5 7Y 7y FIC
CHAHT Y 7 v o277 - TV 72y F &,

¥ v v alliAirbA TEL
. EHGSCHRNIC T 22 F v v
N=FY T AT FLR%ZHBNICTH L Toat
LT E2A—F Y27 - 7V 72y FO2M LD 5, AAFX IZH DT Y 7 = v FHFICxHt
IGL, E5I 7Y 7 =y FOEEEZMKHIHT 27200 —Fv 2T - 7YV 72vF - TvR
MERER EIEL T B

11.1. 7V 7 v FOEEE

KECIETY) 72y FON—FY 2 TEHFICOWCHAT S, £9
ToHEICOWTEXT 3,

V7 oxT VT F

L BHERBICT 2 0IC

T—=F77F v DICLEHRNE T 72y FHERTH B,
N—=FT T SV TxyF

N=FYzTDT7 FLATFHBEHEICESWZTY) 72y FHRTH 5,
FRVE T IER

O—F /R FTHREHEE, LYVRZL ATV EREDOBCT—20BEnHi A -
T ADOBEETH B,

TYVT7x9F TR

TV 72y FMaBLUNN—F U7 - 7TV 72y FICXoTERENSE XY ZE[{~
DAEY - T2 RADWETH B, 77V 72y F - TIZ7RRACIFEDF v v aEECT
— R T ANTEDRLEWIHITER, T7RZADEA 7. 7 FL ADOEBEE 2 RN TIHRIEE
nTwn3

TV F-7m—

AL —vav.-7u—D5b, LYRZRFrvia, AE)OKBEERTT—%2D
PO EHES bR, HlxiE

I. e —F@fHDILD 7 —lde—F /A7 - 547
TAVDTF=V N -

7T —ZDbDTH5, LD 70 —FL YV RXICT—Z2EZALD
LbTHb, FEEIC, L2F X v aD 4774 vDFL—vay -7a—D55 LI

Frv L allTF—REBRETIVLEDOHZLNRTFY - 7u—TdhH 3,
FYTzvF e 7u—

TeVF -7 —kRLT, LYRESFryia, AE)OKEREHRTT 202D
WoBZAE LR DZEIET, iz, 7V 7y FmnotL—yay - 7a—FL YR
RICT =R 2HBEEAOBER V2D, v —F /AT - X4 T 745 TETY 7
v FeTu—thb, AR, L2Fv v a2 T74VIiIctoT, L1Fvyvia
KT =2 %BETIHEDORN OB T ) 72y F - 7u—Th3,
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TV EFBIVRT ) 72y F - Tr7RRE, ZRICX>TERENEZARL—vay - 70—
DR % Figure 11-1 IC7R 9

Layer
(Register) ~ L1D cache L2 cache Memory

|

Demand access |
(L1D cache hit) | |
| |

I I

|

|

Demand access —

(L2 cache miss) | —
| | >
| | | b
L1 software / | | | |
hardware prefetch | [N |
access I ! {—»I
| | |
t t t t
L2 software prefetch ! | | |
access | ! | |
| | —
| | | |
| T I I
L2 hardware prefetch | I I I
access | i | |
| | —p|
l l l l
| | | |
— Demand flow Prefetch flow

Figure 11-1 Operation-Flows for Demand Access and Prefetch Access

O—F/ZFT7@EDT 7RI TRTCTF<VYE - T22ZATHY, FNHDUHD DDA
NL—yayv 7R —3FTRCFv V70 —Th5b, u—F/ R Tadit,. BERMICLY
ARICT =R EHHAL, £72013. LIRZDRLT— R %EXABMLEHIN, L2Frvia®
MAC 37— 2 2 BRET2HERDH L0 HTH 5,

—H. TV 72y F - TI7RADUED-0DF L —v gy - 70— 3% F v v v 2 BEEIC
THELR NS, HlziE, V7 v =27 -7V 72y FICLBLIDF Yy ya~DTY) 7z
vF T I RAEFIE—=FALT - XA TTAVICESTIE, TV 72y F - 7 —Th B,
LRFryy 2L T T34V CEeoTCRTYYF -7 —tkd, LIDXYyvallT—4%
BETLHERDL-0DTH D,

¥, V7 02T TV 72y F A= YT - SV T2y FTRAE—-FRLT %4
TIA VBT EHELRARL—vay - Tu—RRER L HICEBRSISLETHE, VT U
T TV 72y FIEIMHTHLE-D, TOFRVL—vay - 78— —F@MHDOLD 70 —0D

IORETATIAveu—F AT - AT T4 vEBET S, 2FD, ThbD 4T
FAVDY) Y —REHBET DL, —H. A= FvzT - TV T2y FICXBETYV Ty F Tk
ZNFET AT IA v Eea—=F /AT - SATTA4 VIR T AR L —v gy - 7u—3LH
ThHd, 2F X vy aD 4T84 VICEEARL—Yay - 70 —%8AT500THD,
REL. T—=% 740N/ FA Ny 0D, MI 70—, MO 70— 3B ICR 3 Z &ICiE
BORETH D,

7V 7y FICIET~VF - T 7R ORICHE (Distance) &FFIENZMEE0H 2, 7Y
7lv%®5%i%vyb TI7RADLAT VI ERRWTEZETHLD, ThEEKTS
koA SV 77kxtﬁt?bvx'ﬁbf%ﬁ%ﬁﬁ'%ﬁbf7)7xv¢%?%
Mﬁ#%éoﬂxi\Nﬁ47W@?7Vb TI7RADLAT VI EBRNWT L0 T~
VF-77%xﬁ$ﬁén5N%4ﬁwuLm'7)7:y%%?5%%#%60:®h%%
BTV 72y FOHMTH D, FRic, AEY -« T2 2RERT 7 ADGAICIIEZ T F L
AEMGTHICEEIRZ 2D TES, flAE, TV F - TI72ADBADEEICTFL A
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11.2.

11.3.

AP ~DT YV 729 F% T3, LT, 77V F + 727 2AB AP ICEEL AL ZICT FL R
AP ~DF<V R - T2 ZARFryvyia- by b ThiEF<YF - T27€XDL AT VYN
ZERWTERZE VRS, ZOEE, TFLADEP MBHEHcH B, AHA FTIET FL 2%
Fa o 7Y 7 =y FHEEEE LTIk,

TV T2 F T ITRADRXA T

TV T2y F - TIZRACAMENBZIEROOEDIC [24 7] 8B, 247,37 Y 7=
VFEINET—EBE—FDEDTHED, AVTDEDTHE2hERTIHEHRTH D, "Read”
& OWrite” O 2B H L, N—F U 2T REA TEREFHALCT X - 74O X v v v
2 AT —bERD S,

TV 7 2vF - T 7 ADOEHEE

TV 72y F T RRACMHMINZERO O L oI [EHEE] 2555, ESHELIZERIN
7V 72y F VTR BB T 2SR IET 27200 TH D, "Strong” & 7
Weak” D 2FESHLH 2, AAFX Tk, Y7 b v xT7 - 7TV 72y FIIE7F - TFLREVR
T L LYRAREMAGDRETC, "= V2T - TV T2y FEVRAT L - LYRXERWTS
V7zyF - TI7RAZEIEFEELMENIRECE 2, RESNALBEEI SV 7y F - 70
—IchBEHEING,

Strong @D 7Y 7 2 v F - Tu—

NPy TR TY T2 F T2 R RARAREARRIVIELLRETIH LS 273, W’f 4
KEINZ=7 YV 7x2vF - 70— A2V EEECRETID0EFELTRL TS TITE
FICEEPELDETRET 2, 2ok &, Eitove—F /A FTaa u%ﬁ%#i’oé% ThH 7
o—JHlfRENTICT ) 7y F - T/ RRAIREKBECEITING, 2L, V7T 2T T
V7 2y FIZBWTIE, TLB I A, 7213 Page fault ZFAE L 2R TV 7z v F - Y7 TR

FMiZHIBREE NS, Tl E, TV T 2w F - TI/RADILERST-7 ) 7 = v Fan4 i NOP @iy
HrLTfbnd, "—Fv =7 -7V 72y FiFTIE, TLB I RALEKETT Y 72y
F T IRABELL, PEQB 2 Y TENS, Strong DTV 72y F - TR FE—F
ANT « NATITAVEVDSBEEIEELHIDOT, TV 72y FLET—20HHIELN
DIGHICORMES 2L 2T 2, b, TV 7y FaBOBEICOWTIE AGAFX B RE
HixsHo L,

Weak @0 7)) 7 2w F - 71 —

N=FT 2T 3ERCRBEINETV 729 F - TI7RZAZBIELLTET IE 50, HRICKR
BB INEERINEZT )V 72y F - V722 M EHIBRENS, BEANICTF<YF -7 —%
Strong JBHED 7'V 7 2 v F - 7u—oUEIERIN D,
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114, V79T - 7YV 7y

VI T TV 72y TR, TV 7y TR o THIRNIC T Y 72y F - TR
55, TV 720 Fmal3ARI VYT TY 72w F - T/ RRACKELT) 72T - T
FLR, =X - 74 0EDF vy v alEE, $vvoa- - 27— F2HEITE 5, AG4FX I
MEO HPC M IERE LTE 7 F - TRLRZHOCTA—=FY 2 TORZ O 2HIHTE 2
HPC 2 Z°F + 7FL R « F—~"—F 4 FPHEEZEEL T3,

11.41. 7V 7 v FaHDNME

7Y 7 2y FMFICIERELSTITTARMYS 7)) 7 = v Far4r. SVE Contiguous 7'V 7 = v F
. SVE Gather 7'V 7 = v Farh @ 3L H 5, K4 DER L FHEZUTIORT,
ARMv8 7'V 7 = v Ffirdr
FRGYFCELEZTV 72y F - TRLRCHNLTAY 729 F - T2 R %I
MmN THb, "— PV TRBEEENEZTFLRZEDF Yy vy - 74 VHfITAE
UpbF—& - 740T 5, B, ARMV 7V 72 v F@MSH DT — &% 4 X34 bR
NI NG 2D, Fryvva - TAVERRPELCHRIIREL LV,
SVE Contiguous 7Y 7 = v 5§
ATV NTCIELLET FLAREHIC, ZTHHLSVERZ ML - T2 REZMEL
727 FLRAECOHHICLCTY 72y F - T/ A% IEIMATHDE, "—FU=x
TR LI CofiFlOT FLAE &L, Fx v a - T4 VENTAEY DT
—Z 7405, TV 72y FORBEEKIET FLARHOFyva - 74 VBT
2EAICMADAEY) Tuy 727 4 VT 5,
SVE Gather 7'V 7 = v &4
BEBLT 7 & A fiv4r(Gather / Scatter) & RBED 7 FLy v v 7« E—=F &S+ KR— 1+ 7 54
BTHD, A TEHBOT FLRZXHLTT ) 72y F - TI7RRA{THZERTE S,
il % D7 F L 2okt 3 A 2EEIZ ARMVE 7Y 7 = v Faad L [ARTH 3,

SRS DR E = —F =y 7 DYG% Table 11-1 IR,

Table 11-1 Classifications and Mnemonics of Prefetch Instructions

Classification Mnemonic Description

PRFM (immediate)

PRFM (literal
( ) Prefetch instructions that support consecutive

load/store (without consideration of line cross)

ARMVv8 prefetch instruction
PRFM (register)

PRFM (unscaled offset)

PRF[BHWD] (scalar plus immediate) . . .
Prefetch instructions that support consecutive

load/store (with consideration of line cross)

SVE contiguous prefetch instruction
PRF[BHWD] (scalar plus scalar)

PRF[BHWD] (scalar plus vector
[ I P ) Prefetch instructions that support discrete access

instructions (gather/scatter)

SVE gather prefetch instruction
PRF[BHWD] (vector plus immediate)
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1142, V7 o7 - 77y FoEtt

TV 72y FRATE, FIARIVICCTY 72y F - ATV a vERETLILNTE
%, A7 a vicid Type. Target. Policy ® 3ITHHZ23® V. Type & Target DflAGDLEIC L o T
Table 112 ICRT XIICT =X - 740D F vy v affBeFrvyva - A7—F2#lfIcE
%, A64FX Tld Policy i~ — F v = THIFENCEA L T nwkd, »~— Vv = 7 0BifF i
L 72\,

Table 11-2 Correspondence Between Prefetch Instruction Options, Cache Levels, and States

Target
L1 L2 L3
PLI NOP NOP NOP
Type PLD LID/SorE L2/SorE NoP
PST LID/E L2/E NOP

o, TV 720 F@MADEXIF - TFLAED S S pf func[0] €y FEFHAFT LTV 7
FY =T TN Ty FOEEEERIECTE S, By b 74— R EEFEEOB%R% Table
11-31CRT, €y F 74— FIZoWnTIld AGAFX S EEL2SHo C &,

Table 11-3 Correspondence Between pf_func[0] Bit and Software Prefetch Reliableness

pf_func[0] Software Prefetch Reliableness

0 Strong

1 Weak

115, »—+Fv =7 -7V 7xzvF

AGAFX I —F T 2 TIC L o GEWIRERT 72 F2THA5 7 FLREZFHILTTY 7 =
vF T2 AET BHAEE RO, CNOMRERRIL CA—F Y 2T - Y T2y F LIS,
ACAFX DA—F T =7 - 7V 7 2y FIEEHET 72X - AP Y — LI LTT FLATHEIAT
&5, »—Fv=zT - 7Y 7=xyFICiE "Stream detect mode” & “Prefetch injection mode” D 2
FBHOE—F2H 5,

1151, »—Fv 7 «- 7TV 72y FD-dDEIR

>N— F v = 713 PFQ (Pre-Fetch Queue) & FEEN 2 T F‘I/X%‘?E[J:J’o’l(ffu TxvF T Ik
ZEITH -0 DEFEEFED, PEQIIK7ut vy ¥ - a THNEICH FukyH - ar7THiY
16 M) %EEFTE, PFQICIZFHEIT FL A, 7)7;/%ﬁ% TM®t®®7kvxﬁ7
v FBMREIND,

FHI7T FLRIE, MET~VEF - T72XT23LEONETFLRATHE, "— U T HEHE
BICHELZTHT FLRLEEDOTF< Y F - 7272 ADT FLAR—FHL7ZL &, PFQ 3% D
TFLRICTY) 72y FHRBEZME L 2T FLRICH LT 72w F - T2/ 2R%T 5, D
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B, XLIKTFLAR -7y b2 MELTCFHT7 FLAZEH T, COEELEVIETCL
TTYV 72y F - T2 RADMWEST S,

11.5.2. Stream detect mode D FJ{E

N=F 92T - TV 72y FD2DODE—FDHbH, "Stream detect mode” DEHIEICDWTER
B4 %, Stream detect mode Tl. B 7 7€ A A b ) —AZHEBTHRBLTCTYV 720 F - T
7 %A% 3 %, Streamdetectmode TH2EEDN—Fy =T - 7V 72y FEEA A=V %
Figure 11-2 1T/~ 3,

M Detecting ascending / descending @ Detecting ascending / descending
Demand address Demand address
A Predicted Distance Distance Offset A+256 Predicted Distance Distance Offset
5 address  (L1)  (L2) 5¢ : address  (L1)  (L2) 5¢
o A+256 or [ A+256 or
New entry A-256 Compare A-256
(3) scondi @ S
Ascending Ascending
Demand address
Predicted Distance Distance Offset A+512 Predicted Distance Distance Offset
address (LD (L2) H address (LD (L2)
A+512 256 256 256 [ > A+512 256 256 256
Update Compare
(Match)
A+768
A+768+256
A+1,024 .
0 PFQ issues prefetch
A+1,024+256 access.
(5 . (6) .
Ascending Ascending
Demand address
Predicted Distance Distance Offset A+6,912 Predicted Distance Distance Offset
address (LD (L2) ' address (L1) (L2)
A+768 512 512 256 (R A+6,912 1,792 6,912 256
Update Compare
(Match)

LIPF  A+8,704

L2PF  A+13,824 PFQ issues prefetch

access.

Figure 11-2 Hardware Prefetch Behavior in Stream Detect Mode

A+ Y — LW & PFQ ~D &%

PFQIIT~=YF 7272 ZACHBFBLID*Frvia: IZAZEHRTE, Fvvyia: IR
Zde, 7Y F - TFLRAZREICTFHT FLAZERLCPFQIEHRT LT~V
FeT727%ADA L) = LBFIE»BE»ZHEL X5 & T2 (Figure 11-2 (1), 51 EHiE 7~
VE Tz RMTbhd e, TV E - TRFLAEERPFQICEIRLEFHMT FL AL %L
BLTRAMY =L HAZRET S (Figure 112 (2))o A+ U — LAJFHDSRET % & PEFQ O FHI T
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FLRAEZEHL, Fc7) 72y FlE, 7FLR - A7y FAERLTTVYF - T27%
AEBRELIED B, 7Y 7y FHEE. TFLA -+ 74y FXFIEOKIX Y 7 2 i, BIED &
I~ A FRHE L CERINDG, RUNICERING T ) 72y FHRs X A 72 v + offixd
fEiZ# N Fh 256 54 +TH 3 (Figure 11-2 (3))o

TV T2y F T RADERK
PFQIZFHIT FLRAE =T 2T~V F T2 RA%BHET 2L TV 729y F - T2 RA%HR
795 (Figure 11-2 (@) 7YV 729 F + T2 2 A%IERT 3L PFQIZFHT FLRICAH 7 & v
FEMELCTHT FLRZEHT S (Figure 112 (5)o T2V F « 7272 ZAOBHEEIED 72K
o —EMEIZPFQIE2F v v a - JAVHDOLL, L2 7YV 72y F - T2 ARIERT %,
I/, TV 72y F T RRAETLERRTY 7 2y FHEEE 256 N4 FPFoMET LT
V7 =y Sz RS 5,

TV T 2T - T ADEFEK
F—DPFQICLE 7TV 7y F - T/RRIETREGEVET L, 8TV 7 = v FHHIR
KiEc2ES 2, 7Y 7 =y FHEBESRAEICEEST 2L PFQIITY 72y F « T2 ADIE
RE1Fxyra - 7240V Ezxs, RARICT Y 7 =y FIEHOME b {F1E 3 2 (Figure
112 (6))e Bfa. FHIT FL AL —HKTET~V F - 727220 R Y 13 & DIREEZ ki 3
%0

2%, A64FX D Stream detect mode TlE T~ F + 727 %R 7TV 729 F - T2/ ZADTF
LREFryva - A VENICh® oG, Thbb, 778RA - T FLRDOTATEY Mg
MHENE, ChICKY, BEIGHBRERA M) =L - 727X THCED, Frvva T4V
WA CHEETHINIE T 72w F - T2 RRALZRITTE B,

11.5.3. Prefetch injection mode @ HifF

N=F 92T - TV 729 FD2DODE—FDDH 5 —J7A "Prefetch injection mode” TH %,
Prefetch injection mode 13 7'V 7 = v FHlfHHL Y X 2 %ffioCu—F /A FT@HHDT 7 €AD
FAREL, TNEHAWTH = Y 27 - 7Y 72y F%fTH, Prefetch injection mode i3 X &
I PFQ_ALLOCATE & — F & PFQ NOALLOCATE & — Fich i3,

PFQ ALLOCATE & — F

AE— F OBEEIZHEARIC Stream detect mode & [k TH 2, 7~ F - T2/ ZADLID ¥+
yva s IRRERL, Frvva - IRPRETLIEPFQICTFHEIZTFLR, 7Y 72y FiE
He, A7 vy bERERT D, L, FEIT VLA, PV 7y Tl A7y PRV RT
L LY R X DORBEMD DR X5 L\ ) 55T Stream detect mode & #2725, PFQ_ALLOCATE
E—-FTFTRBIZAN—F =T - TV 72 FRUTD2RATy 7 Tirbils,
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. ZbFY—2s0kEH

WRETERAM)—LDTF~VF  TI7ARLIDF Yy va-IRXTdE, ZDOF~
VFE T I7RADT FLRICA 7Ry PENMELAEZTFHT VLT 2, TV 7=
yFiEEEE A 7Yy IV AT L - LY ARICRESN-ERfEDIN DS,
2. TV T7zvF - TIRRDEK

FHEIT7 FLABT2Y R - T772ADTFLARE -T2, ZOTFLARIKT) 7=
v FIREEME L7 FLRCNL TSV 72y F « T2 REIERT 3, Ibic, ¥
W7 FLRIcA 7y PEMELCEGT 2, 2720, 7Y 7y FEHEEEIPEAM R
FIaMRELEV,

PFQ NOALLOCATE % — F

ARE-FIZPFQ TT 7 ADLID ¥+ v a - IAQHEHRELET, WREFT 22XV —20
TVER T RABKELEETCT ) 72y F - T 2R %ERT S, 7V 72w F -T2
2 ZADWNRIFTFVF - T27ADTFLRICT ) 72y FIHEAZMELZT FLATH S, K
E—FCIE, BEHCT ) 72y F - T/ RABAERT 22D, TV E - T7ZABF v v
2 by bFBLETHL TV 72w F - TORABHEHETSE, —J7, PRQICKZ2EERZIThbARw
72®, PFQ Z & L WHlH2H 5,

1154, »"—Fv =27 -7V 7xvF - T A MKEE

AGAFX IN—Fv =27 - 7V 7 2y FORIfERRED DI, "—Fv =T -7V 7z
FOEEEa vy e —LTE3f VR T2—RELTCAHA—F YT -7V 7x2vF - TR MERE
R0,

Stream detect mode D&

Stream detect mode TIE X 7K « 7R LA E VAT L - LY AXEfES ZETUTDLIILT

V7 =y FEMERTIHCE 5,

e TV 7xyvFoENL
RTF T FLRAERAWTMH T LICPFQ DEMRNRET I 2B A2HETE S, PFQ
DEMR P ONANIZMALHRTY) 72y F - 772 RFERI LRV,

o TYUTxvF TIrRADF¥ v aEEBENOIEE
Z7F T FLREACCEELZFy v v o lBEEE2F27Y) 72y F - T2 &R
PIRRTES, FrvvalE@Etii,. LID¥Frysa, L2F vy va, 03200
LEINTE %,

o FUTxvF T reADEHEERBEORE
SATFL LY RAZERHT B L TPRQAERT B Y 72y F - Y 7T A DIEHE
EEEEARECTE 5, SHEEEMI. Stong JEM:. Weak JEED 2 22 638N T X 2,

® PFQDIRK7Y 7 = v FHHOIETE

VATFL LY RZERHT AL TPFQO Y 7 2y FHEORKERXIEETE 3,
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Prefetch injection mode D&

Prefetch injection mode "C (% Stream detect mode DFEFEICM XA CLAT D X 51 7Y 7 = v FE)E
ZHlficx 3,
& X} J—2rsFEEHOMI
RIF - TFLRAZACTRAZ LKA MY —LF S ZIINTE 5, EARICA MY —
2 HA{i7 C Stream detect mode ¥EREX E/RCTZ %,
& XFV—LZY D7) 7y FHEHEOREE
VAT L VYRR B[O TCA MY =L HEFTLICT) 7 2y FHERRETE 5,
® X}PV—LIZElDF Ty OIEE
VAFL LV RAZEFoTA M) LB/ ST LICA T Y FRIEETE B,

1155. "—=Fvx7 -7V 72y FDF% v alEE
JE

FY Tz F T/ RACMMENBEROVE DI v v v 2 BOEELH 2, Fv v
2fEEREL I, ) 72y FEBEDF v v v aBEIERTODTHY, Tu ST LDEHE
Lo i) Bt 72 7)) 729 F « T2 R TE3RERD B, AERTY 7
v F T RRETEILRFIANAN—FY =T - VY —RDRBICOAEND,

N=FTxT TV 72y FOEE, REAFyy v aBEEEII A —FY 2 7 AEETHRE
T2, HARICPFQUIXLID ¥ ¥ v v a@zfio7 ) 7y F - TR, L2F ¥ v v alR
WEFEOTY)V 72y T - T/ RROEGEIERT S, L& L2 X vy v a@lkiioni”
Y729 F  TIZ7RAPL2FryiallBnTFryia-by b 2iiET e, PFQIF L2
Frvva@BEERROoTYV 72 v F T/ RREEERET S, ZZL. LID Xy v v o @BlEER-
TN T2y F T RAB L2 Fr v o IAFZRITE, PFQIFL2 ¥ v vy a@BiEa
OFYV Ty F - TI/RALEMEIES,

11.6. Prefetch injection mode D {5 FH 15

Prefetch injection mode RO D EORF 7y V%Y 7+ U2 T CIRETE S22 TH B,
COMREERES LT, Fr v TAV  HAXEBILAMIAN - T 7RI LTS
V72yvF - TO7RRABERTSZ LB TE S, Figure 11-3 1271 277 L%, Table 11-4 1
HL R ZOEHEHIZTRT, X7 F - 7 FLREHIFIL TR 2 DIEARIL AG4AFX FmBR{IARE ICE
BENTWB,
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Sample code
int i;
double y[N], x[N*64];
assert (N > 0);
for 1=0;1<N;i++) {
y[i] = x[1*64]; /* accesses the array x with stride of 512 bytes width. */

Sample assembly code

mov X0, #N

adr x1,y // sets the address of array y.

adr X2, X // sets the address of array x.

orr X2,X2,#(8<<60) // merges base address and tagged
address which assigns the stream to
control#0 register.

loop:

ldr do, [x2]

str do, [x1]

add X2,X2,#512

add x1,x1,#8

subs X0, x0,#1

b.gt x0, loop

Figure 11-3 Usage Example of Prefetch Injection Mode

Table 11-4 Control Register Configuration Example

System Register Bit Field Set Value |Description
\% 1 Enables the control register.
L1W 0 Sets the L1 prefetch attribute to Strong.
L2W 0 Sets the L2 prefetch attribute to Strong.
1 Sets PFQ_ALLOCATE mode.

IMP_PF_INJECTION_CTRLO_ELO

T 0 Sets the prefetch attribute to PLD.

This is an instruction for software prefetch.
SWw 0 It does not matter whether the value is 0 or 1
in this example.

PFQ_OFFSET 512 Sets the same value as the stride width.

L1PF_DISTANCE |1,024 Sets the L1 prefetch distance.

IMP_PF_INJECTION_DISTANCEO_ELO

L2PF DISTANCE |10,240 Sets the L2 prefetch distance.

B, 7V 7 xvF T2 ADEHE, PFQ_ALLOCATE / PFQ_ NOALLOCATE £— V., ¥
U7V 72y FHEEI T 0 27 LORHEICE DR GHYUNCIRE T 2 L ELH %,
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12.

I X e Frva

12.1.

12.2.

7 X FrvoaE

/X Fryvvald, FrvvaoEHEXF L, MR, AR TRy Y - aTH
Mo 3 KB BIRTE 3HEETH B, V7 bV =270 F vy v 2Dl % X 0 MR ICH
W2 HEZRMT 2L 2HME LT3, AAFX Tld. Ko J I h-& % Dz & 7 &
CIEER, 7 R FT AT L LYREZENLT, v v 2D way B CEEOREICKX ST
TE2, ABEERILID v v a2 F vy o2l HEINTWDS, FlgureIZILIT?”J’\j
IZ, LID ¥+ v ¥ 2 T3S HMCIR/RTE 22 7 X34 S 5, L2 X+ v =2icd 4585
@ﬁﬁﬂ#%%#\7Ukvﬁ'37$ufhmﬁé%%7ﬁ#2ﬁﬁ\mr%hthf%%
k7 2D 2HEBE W BEREER LS, LIDF Yy vy v a4 w7 X, L2F vy allBnT
BRE—D® 2727V —=FHND 27 i~y TENDE, $72, &7 ZOHEHIIZNZND CMG
KL TWw3, iAot 7 ZDOIRICIEZ 7 F - TRLRAEHWS, Tuty ¥ - a7 Hif]
DIFEWCIFE T AT L - LY ZRZEHAWS, 27 F - TFLA, BLXRVRT L - LY ZRZDHERE
X AGAFX FERfIEkEEZ SO Z &,

1
: Core 0 Core 8 : : :
1
| ! : :
| ! l \
: Sector L. Sector : : 1
| 00 | ol 10 11 00 | o1 10 11 ! | :
1
] ! : i
[} | L} ]
| ! | |
| ! | |
| ! | |
| | : | |
1 1
| ' ! | :
1 ! 1 |
| ! | |
: Sector 0x Sector 1x : : ]
: Group 00 01 10 11 Group : | :
1
| ! | :
| : | |
1 1
I OMGO ! ! I CMG3 |
1

Figure 12-1 L1D/L2 Sector Cache

7 & Fxvia0BhE

27X Frv 2Dkl ZOREIT, 7 XICEH VB TONIHK way B THRR I N
2, T2, RV ZKRIIT ST LEFPICEHNICETECE S, ~—FY 273127 ZREDIE
Hahdet, ThZENOF vy v ia - TAV~TF—% « 74 AT IRSCEEFAR LTV, ki
ICHEE S iz 7 2RI DT 2l %47 5, Figure 12-2. Figure 12-3 il % 7/" 3, Figure
122 13K 7 2FERBICH L T 7 2 0HIOEHEL PR WHITH 2, £27 X0 DIFEVDH B 1
— FaPETEINDIE, 27X 1HOTF—2RBT74 b Nv 7ENB T L TCREFPFHEING,
AL C. Figure 12-3 i3t 7 2 | flloERERS WE Eictv 7 X 1 DIFENRDH 5 7 — Far S0 ElT
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INnshlchHs, COBAH, €7 X 0DFEHENEDLEESiCer 2 10T =257 4+

Current

Sector 0 2 way

Sector 1 n-2 way

Current

Sector 0 3 way

Sector 1 n-3 way

\This data is n-1 at current.

Specified
3 way

n-3 way

Specified
3 way

n-3 way

Figure 12-2 Example of Sector Cache Capacity Adjustment (1)

Current

Sector 0 2 way

Sector 1 n-2 way

Data “n-1" is written back.

Ny rINd,
Current
Sector 0 | Sector 1
0 2 4 1 3 5 n
New
Sector 0 L Sector 1
1 3 0 2 4 6 n
A \
/ Loads new data specified sector O
and fills data.
* Numbers show LRU
Current
Sector 0 Sector 1
0 n 1 2 3 4 n-1
New
Sector 0 Sector 1 A
/
7
1 n 2 3 4 5 0
/f
Loads new data specified sector 1.
* Numbers show LRU

Current

Sector 0 2 way

Sector 1 n-2 way

Specified
3 way

n-3 way

Specified

3 way

n-3 way

Figure 12-3 Example of Sector Cache Capacity Adjustment (2)
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13.

N—F T - NUT

N=FT T - NYVTRY Ty 2TOTERR, TREFALY FEORPEE A —~FY 27T
FR— T EEETH B, Figure 13-1 ITRT LT, FECMGHICHEHAD Y AT L « LY ZZH
BYH, TNENLCHEBMEZITS, YRATL - LY ZRZFL2F vy vaNICEEINTHD
2o, LD ZDDL Y AKX - T 272 RIFL2 Fryvia - by b EAREOIGERHEIC 22
b, F/20 VAT L LVRZZDLDHEN) TERE RS> THA—=F T 2T HL Y RRBEDT
Py oWEREEHET 2720, BROBED - OPHBMM AR ETH 2, ThoDfHick-T
7w 77 LoffiFb,. RO S#RLZH> T3,

BB, A—FU 27 - AU TDY Y — T CMG HALICEEINT WS 720, CMG [H % Bk
L 7z R 39K — F LT\, Figure 132 KA O 200 v T va—FERT, »
—FU =7 - NY T OFM AR T AGAFX fI R RSO C L,

4

CMG 0 CMG 3

Core 0 Core 1 L) Core N

A A

\ 4 y /
BST BST .. BST oo o
LBSY LBSY LBSY

X j
LBSY 1 1 o o o 0

BST bits
Barrier resource

Figure 13-1 Hardware Barrier Resources

#define BARRIER_LBSY_SYNC_W1_EL® S3.3 C15 C15_1
#define BARRIER_BST_SYNC_W1_EL® $3.3 €15 C15_ 1
mrs_s x2, BARRIER_LBSY_SYNC_W1_EL® // Load LBSY to x2
eor x1, x2, #0Ox1
msr_s BARRIER_BST_SYNC_W1_EL®, x1 // Write x1 to BST
sevl /I EVENT register clear
wfe
loop:
wfe // Sleep
mrs_s  x2, BARRIER_LBSY_SYNC_W1_EL®
cmp x2, x1 // Compare x2 (= LBSY) and x1 (= BST)
b.ne loop // Reload LBSY to x2 if LBSY = BST

Figure 13-2 Sample Code for Synchronization Processing
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14.

Performance Monitor Events

14.1.

TukyHiclk, 7 L0855 F BT 5 72 ® 1T Performance Monitoring Unit
(PMU) 23FEEEI N T35, A64FX 12 ARMv8 Manual, ¥ & UF SVE Manual ICERI LT3
Event DI, FEH D Event #EEE L T3, T35 D Event 1345 Event % [E 2/ 72 BB CFH &
2720, HED Bvent #fllAGb¥ 32 L TY 7 by = T ORI 2B T 2 A R
HWTE 2L ICFtEhTwid, RETRZND DIEREOERTIEICOWCHHT 2, hE, &
Event O FEHERE1Z A64FX PMU events fEERE ICEI S T 3

Instruction Mix

70 77 LIATRE OB e iy AL A &2 RN 5 729 @ Event % Table 14-1 ICE &0 5,
Instruction Mix D72 ® D4 XTD Event I, 7 — #Tﬁ?*\’ﬁﬁ DI v EHEXETSEE
o T, Zhbd Event 238X 5 i ffic a%%#%b\:na%ﬁ&Ab%é*&f
Event 23 E# X LT 7x\ iy T‘ﬁ@ﬁﬁ%ﬁﬂjf % %, Event D W& BRI Table 14-1 @ Event % @

FTHeBWTA v TV FDOFESITERINT WS, T/, Other & Tl XN T\ 21T HEEED Event
TR, WL 25D Event ZilAaHbE CHHEINZIHETH 5, HHFL Table 14-2 ISR T

LBV THE, b,
HTH5,

SVE MATH_SPEC event {4 INST_SPEC event IC & £ 78\ 2 L ISR A4

Table 14-1 Performance Events for Instruction Mix

Instruction Mix @ 7z% @ Event

Event D57 ¥ R

INST_SPEC iR
FP_SPEC FE/NIGREE I I N2 TR T omy
FP_FMA_SPEC FMA % DifH iy

FP_RECPE_SPEC

WG L & BB TR Bl e

Others (Basic FP operations)

— B e iR B N R R A

FP_CVT _SPEC

NI SR AU L Y 2 2 O e DA &

FP_MV_SPEC

FEVNER L Y A X T sk UL YA 25 &)

ASE_SVE_INT SPEC

RN L Y R R 2 3 5 BEGH A dr ey

PRD_SPEC Predicate L ¥ X X % i3 % A G 4
LD _SPEC FTRTOE— Figd

BASE LD REG_SPEC

NHL Y A Z~Da— Py

ASE_SVE LD _SPEC

BN L YR 2 ~DE — F g

FP_LD_SPEC

FE/NEEL VX2 ~D A TR u — Fad

Others (All vector loads)

FE/NEL Y ZZ~DR 7 P ARID T — P sy

SVE_LDR_REG_SPEC

SVE 3 <_T® LDR 4y
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Instruction Mix @ 7z% @ Event

Event DA %7 ¥ b X{R

SVE LDR_PREG_SPEC

SVE LDR(predicate)fir 43

Others (LDR vector)

SVE LDR(vector)fir 4

BC_LD SPEC

FEINES L Y A &~ D Replicate & Broadcast 7 — Fir4r (LDIR fiv4y)

ASE_SVE_LD MULTI_SPEC

FEI/ N L Y R X ~® Multiple structure © — F 4 (LD[234]*44Y)

SVE LD _GATHER_SPEC

SVE Gather load @iy 4y

SVE_LDFF_SPEC

SVE first-fault & non-fault @ — F 4y

Others (Basic vector loads)

TFEVNE L Y R XA~ RN~ 27 P AR O v — Vg

ST SPEC

FTRTOR L T s

BASE_ST REG_SPEC

PRV A2 0D R T sy

ASE_SVE ST SPEC

BEVNEEL YR X Db DR N T frd

FP_ST SPEC

TFEVNBH L YR Z O DR RO R+ T gy

Others (All vector stores)

FEUNEEL R Z b DR 7 P AR 2 T s

SVE_STR_REG_SPEC

SVE O ~_T®D STR firdr

SVE_STR_PREG_SPEC

SVE STR(predicate)fir 4

Others (STR vector)

SVE STR(vector)#ir4¥

ASE_SVE_ST MULTI_SPEC

TFENS L Y R 2 9> b O Multiple structure A+ 7@y 4 (ST[234]*m4Y)

SVE_ST SCATTER_SPEC

SVE Scatter store fiv 4>

Others (Basic vector stores)

FE/NBUE LY 2 20 b D— %2 P ATID 2 b T ey

PRF_SPEC

TRCDOTY 7 =y Find

SVE PRF_GATHER_SPEC

SVE gather prefetch fir 4y

SVE PRF_CONTIG_SPEC

SVE contiguous prefetch iy 4%

Others (Prefetch in base inst.)

Base instruction 7Y 7 = v F

DCZVA_SPEC DC ZVA 4y
BR PRED T RC DA A4

CRYPTO_SPEC

TR T OGSy

SVE_MOVPRFX_SPEC

SVE MOVPRFX fir4r

Others (Base insts. excluding load/store)

u—F /X 7%k <. Baseinstruction IZJ8 3 5 Mgy

AEBAfRIZ &> Event

SVE_MATH_SPEC

SVE #U7 Ba#Hi B 4
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Table 14-2 Formulas for Other (Instruction Mix)

|

ey

Basic FP operations

FP_SPEC — (FP_FMA_SPEC - FP_RECPE_SPEC)

All vector loads

ASE_SVE LD SPEC - FP_LD SPEC

LDR vector

SVE LDR_REG SPEC - SVE_LDR_PREG _SPEC

Basic vector loads

ASE_SVE LD _SPEC
— (FP_LD_SPEC + SVE_LDR_REG_SEPC + BC_LD_SPEC
+ASE_SVE_LD MULTI_SPEC + SVE_LD_GATHER_SPEC
+SVE_LDFF_SPEC)

All vector stores

ASE_SVE_ST SPEC — FP_TD_SPEC

STR vector

SVE_STR_REG_SPEC — SVE_STR_PREG_SPEC

Basic vector stores

ASE_SVE ST SPEC
— (FP_ST_SPEC + SVE_STR_REG_SPEC
+ASE_SVE_ST MULTI_SPEC + SVE_ST SCATTER_SPEC)

Prefetch in base instruction

PRF_SPEC — (SVE_PRF_GATHER_SPEC + SVE_PRF_CONTIG_SPEC)

Base insts. excluding load/store

INST_SPEC
— (FP_SPEC + FP_CVT SPEC + FP_MV_PSEC + ASE_SVE_INT SPEC
+PRD_SPEC + LD _SPEC + ST _SPEC + DCZVA_SPEC + BR_PRED
+CRYPTO_SPEC + SVE_MOVPRFX_SPEC)

14.2.  FLOPS

Floating operations per second (FLOPS) 8 H 32729 @ Event % Table 14-3 ICF L ¥ 5, Th
5 Event 133 I v F INFdn i OB/ NS HE R 2 #2117 5. Event ® 5 b SVE fin i iC B
T 5D DI 128 bits AL OEFRE L 2B A R W2 &h b, 7 u 5 LEITRED Vector Length D5
BEZF v, Lo T, IELWIHEEIIFITRED Vector Length & & L THH L 72 1F 4L

b, T2, FMA ROEE]

IEFEHY 2R L LT 5,

PMU |Z PE B O &R TH 5 Z &£ 2> 5, Event THIE & N 2 HEHI PE I TH 5, L7272
5T, WHETHOREEMAHNT 2L E RV a TETAREDEESHLHETH B, 77,
FLOPS BRI H 72 0 OB TH 3720, 70277 LETHO 7ot v yEIERIEKE 7
077 LAOFETRH O AT A — 2% JIE0E L 55, ETRHEZEHBE ok 51id, [FF
ICEUfS L 72 CPU_CYCLES event % {32 Z & %5 2,

Table 14-3 Performance Events for FLOPS

Performance Event

Event D &tEH

FP_SCALE_OPS_SPEC

SVE firfr D& A DEHRE R FE L 72 128 bits & 72 ) O #HEE

FP_FIXED_OPS_SPEC

SIMD&FP i 4 D R H % F FE L 72 AL

FP_HP_SCALE_OPS_SPEC

FP_SCALE_OPS_SPEC D 5 B AR D A DR AL

FP_HP_FIXED OPS_SPEC

FP_FIXED OPS_SPEC @ 5 &, KGR D & D i H AL

FP_SP_SCALE_OPS_SPEC

FP_SCALE_OPS_SPEC ® 5 &, HUFSFEHE D & i EH

FP_SP_FIXED_OPS_SPEC

FP_FIXED OPS_SPEC ® 5 &, HUKGEEH T D & D H AL

FP_DP_SCALE_OPS_SPEC

FP_SCALE_OPS_SPEC ® 5 &, fSREEEHEE D & 0 iEH

FP_DP_FIXED OPS_SPEC

FP_FIXED OPS_SPEC @ 5 & fEK5EEH T D & D H AL
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14.3. Hardware Resource Monitor Events

Tty FOHEERNLY Y —ZXDIREEFEZ BT 5729 D Event % Table 14-4 ICFE &9 5,
INSLDEvent X, ¥¥ vz IZAPHETHI R ET w77 LR TROEHN N —F Y =
T OEMEER A LTS,

Table 14-4 Performance Events for Hardware Resource Monitoring

Performance Event Event DFiEH

BR_MIS_PRED DIETR I R4 T T4V - 75y v 2Dl
L1I_CACHE_REFILL LIl ¥+ vyya -« I 20E%K

L1D CACHE REFILL LID ¥%¥ vz - I2DE%

L1D_CACHE_REFILL DM TwVYF -T2 RCERTEZLID ¥ v vz IZADEE
L1D_CACHE REFILL PRF TV 7 x2vF - TI/RACKERKTSLLID ¥+ v = IREE

N=FT T - TV T7z2vF - TI7RRERNT S LID ¥% v

L1D CACHE REFILL HWPRF "
- - - 2 - 3 A

L1D_CACHE WB LID¥v vy ahbdT 4 by 7o

LID¥vvia- - IZUHOY A 7Y 0D4 v 774 oMK
L1_MISS WAIT Xl
(= 1A 27 MBICLID ¥ % v ¥ 2 MIB AR REE L 7-fH)

L2D CACHE REFILL L2Frvyia- I 20N
L2D_CACHE_REFILL_DM TeVYF 7GR T L2 ¥y v va - I ADMEE
L2D_CACHE REFILL _PRF TV 7xyF -7 —ICRBETZL2Fyy o IADEEK

TV 72y F -7 —DN, "—Fv =T -7V 7y FICERT S

L2D CACHE REFILL HWPRF . "
- - - L2Frya - IRADHEEK

L2D CACHE WB LRFEXYyTarbDIA by 7 - A

LR2Fryvia: IRNHEOY A 708720 D4 v 7574 FEOBE
L2 _MISS_WAIT fil
(=13 A7 NMBICL2 ¥ % v 2D MIB LR L 72 )

L1I_TLB_REFILL LI-ITLB 3 X ®[a|4k

L1D_TLB_REFILL L1-DTLB I 2 D[al$x

L2I_TLB_REFILL L2-ITLB 3 X ®[a|4k

L2D_TLB_REFILL L2-DTLB 3 2 D[a[$x

EFFECTIVE_INST SPEC MOVPRFX @& %<, 2 Iv P LAT—F 77 F virai
BR_PRED a1y b LR

CPU_CYCLES PE D% A 2 ¥

Table 14-4 @ Event ZFIH 3 2 & C. 702" LETHD N — F Y = 7 oMEEfiE 2 B 4
LT ENRTED, Table14-51CF L BB
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Table 14-5 Method to Calculate Hardware Performance Indicators at Program Execution

i1 B

Cycles per Instruction (CPI) CPU_CYCLES / EFFECTIVE_INST SPEC

PaN Al [N BR_MIS_PRED / EFFECTIVE_INST_SPEC
LIIFrvyia- IR L11_CACHE_REFILL / EFFECTIVE INST SPEC
LID¥¥vvyia- IR LID CACHE REFILL/EFFECTIVE INST SPEC

TV T 7RCERATELIDF ¥y a3

b3
A

L1D_CACHE_REFILL_DM / EFFECTIVE_INST_SPEC

TV 7y F T RRICERTSLID Fv v

e
ERLENPLY:

L1D_CACHE_REFILL_PRF /EFFECTIVE_INST SPEC

N=F YT VT2 FRERLETY) 72y

- - L1D_CACHE REFILL HWPRF / EFFECTIVE_INST SPEC
F T/ eRCBETILIDFry s IRAK

Y7 v 2T -7V 72vF - T72AIKERNT S |(LID CACHE REFILL PRF - LID CACHE REFILL HWPRF)
LID¥%vsa- 32K / EFFECTIVE_INST SPEC

L2F%yyia- IRK L2D_CACHE _REFILL / EFFECTIVE_INST SPEC

Ly

FevF .7 —cE@ET 3 L2 % vy IA%K |L2D CACHE REFILL DM /EFFECTIVE_INST SPEC

TV 7y F - 7u—ICEBRTIL2 Xy a - 3

L2D CACHE REFILL PRF /EFFECTIVE INST SPEC
23  CACHE_REFILL INST

N=FD 2T TV T2 FBERLETY 72y

F . L2D_CACHE_REFILL_HWPRF / EFFECTIVE_INST_SPEC
Fe7u—CBRTA L2 Fryva - IRE - — _ INST |

Y7 v T TV 7 2y FHEMRLIZTY 7 =Y (12D CACHE_REFILL PRF - L2D_CACHE_REFILL_HWPRF)

F oo n—CRETA L2 v a3 AK /EFFECTIVE_INST SPEC
LID¥ % via- IRNHOFHL LTV L1_MISS_WAIT/LID_CACHE_REFILL
L2F %y ia- IRHOFEHL L 7 v L2 _MISS_WAIT/L2D_CACHE_REFILL

LID¥¥vya: IRMHOFEET I FRAX VT 4V
L1_MISS_WAIT/CPU_CYCLES

7
LFryyvia s IRNHEDOEET IV RX VT 4V
L2_MISS_WAIT / CPU_CYCLES

7

LIITLB I 2% L1I TLB REFILL / EFFECTIVE_INST SPEC
LI-DTLB I 2% L1D TLB_REFILL/EFFECTIVE INST SPEC
L2-ITLB I A L2 TLB REFILL / EFFECTIVE INST SPEC
L2-DTLB I 2% L2D TLB_REFILL/EFFECTIVE INST SPEC

LID ¥ % v ¥ a & L2 % v v ¥ 2 BOXITFEN Y |(LID CACHE REFILL + LID_CACHE WB) * 256
N * Processor frequency / CPU_CYCLES

s N Bh oS s 1 (L2D_CACHE_REFILL + L2D CACHE_WB) * 256
L2 % vy va & A% Y BORITREL) > Vi * Processor frequency / CPU_CYCLES

14.4. Cycle Accounting

7'a kv Y OMERERREED—2 D Cycle Per Instruction (CPI) 1., 7rt v 2B 1 Ma%2HETT S
DICEPLLETFHNE CPUN L ZAThHb, ZDCPLIE. My E2ETT 272004t ~<1
—>av - 7u—ONHER., flzidEERLATY - T2 RO, BPBEAERoDDLF
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AB5TENTE D, CPl &I NS OB OB OfEA L1F & LTHRKT T &% Cycle
Accounting & M55, A64FX (% Cycle Accounting D 728 @ Event % 524 L T\ %, Table 14-6 IC %

w5,
b5,

Z3 5 D Event b Instruction Mix Tffido 313 Event & [FIERICEHHIF 2 /R i
”Other”l% Event ZfiAaA b CRHECcZ 2IHATH Y, HEHK% Table 14-7

WEBGRA
ICE Lo 3,

Table 14-6 Performance Events for Cycle Accounting

Cycle Accounting D 7z % @ Event

Event D47 ¥ PR

CPU_CYCLES

CPUZuy 2 - %A 7L

O0INST_COMMIT

PraNGaN IS
a3

fi v M 00 THEYA TN

LD _COMP_WAIT

CSE DR b divihiAEel -
AN %

T/ RARFETRBTIIY FTE

LD COMP_WAIT EX

LD _COMP_WAIT @ % £ Baseinst. ICJBd 2B EKTH 5%

A 7N
LD_COMP_WAIT L2 MISS LD COMP WAIT D5 H, L2 ¥ v vz« IAFOH AL 70
LD COMP_WAIT L2 MISS @ 9 %, Baseinst. ICJE3 % a3 %E

LD _COMP_WAIT L2 MISS_EX

Kchsr4 70

Other (I1d_comp_wait_12_miss_{l)

LD_COMP_WAIT L2 MISS ® 5 %, SIMD&FP & SVE fir 4y
LMNBERTHEIA 7N

g3

LD CIMP WAITD® 95, LID ¥ ¥ v ¥ 2 - IZAD, L2 F vy

Ya-by bHOFL I
LD COMP WAIT L1 MISS .
B - -7 (BEicid, 2 F v v oo - IRBOL2 ¥y v oo - IR0
ETHETOHA I EENDB)
LD_COMP_WAIT L1_MISS @ 9 b, Base inst.\CJ& 3 iR 2R <

LD COMP_WAIT L1 _MISS EX

HbHYA 70N

Other (Id_comp_wait_11_miss_fl)

LD COMP_WAIT L1 MISS O 5 %, SIMD&FP & SVE fir
MO ARERTH L4 7

R

LD _COMP_WAIT PFP_BUSY

LD COMP WAIT D5 b, L2 ¥ v v a7 ) 7y FUEY Y
—ARRDID, AEY) - AV T 7w AMANI Iy PTER
Wi A4 7

(Fa7zyF - 7a—PUETES, Ta—-DERILOMEA 2
IV P CERVEREET)

LD COMP_WAIT PFP_BUSY EX

LD_COMP_WAIT_PFP_BUSY ® 9 . Baseinst. ICJBT 5 @47
BRTHLHA 70

LD _COMP_WAIT PFP_BUSY SWPF

LD COMP WAIT PFP BUSY D5 b, Y7ty 7 - 7Y 7y
FROaBNERTH L4 7

Other (Id_comp_wait_pfp_busy fl)

LD_COMP_WAIT PFP_BUSY @ 9 %, SIMD&FP & SVE iy 4y 238
HchH s34 70

Other (Id_comp_wait_11_hit)

ey bHOY A 70
NS

LD COMP WAIT® 5%, LID ¥+ v ¥ a2 -
(B3, LIDF vy va - IAROLID Fr v va -
ﬁ%nﬁ?‘%if@ﬁ% IbETIND)
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Cycle Accounting D723 @ Event

Event DA ¥ FRR

Other (I1d_comp_wait_11_hit_ex)

Id_comp wait_11_hit ® 9 5, Baseinst. ICJET 2 M HVBEATH %
HA 70

Other (Id_comp_wait_11_hit_fI)

1d_comp_wait 11_hit ® 9 &, SIMD&FP & SVE iy 5 IC/Bd 3 fr sy
BERTH A 70

EU_COMP_WAIT

CSE DR D EHWm D AHAETETffbTca iy PTER0I {70

FL_COMP_WAIT

EU_COMP_WAIT ® 5 %, SIMD&FP & SVE i iCJ& 3 % i id

HZRTHLEY A 70

Other (ex_comp_wait)

EU COMP_WAIT ® 5 5., Baseinst. ICJBT 20 EKTH 234
A7

BR_COMP_WAIT

70
N\

CSE D d i Wi i 2350 i . IR mOMEER D ¢ I
G AR (7 %

ROB_EMPTY

CSE BZED=DIcimaMRa Iy P TCERVLIA 7L (hHnT =
— F AT — Y LUBICIFE L T WIREE)

ROB_EMPTY_STQ BUSY

CSE 2322, 2> Virtual SP 28 7 L DIRBED 1z IS A2 T v b
TERWw¥ (70
(Virtual SP 23 7 VD728 7 2 — F AL E o T 5 1REE)

WFE_WFI_CYCLE

WFE 4, $£7:13 WFIIC X Y PE DEfESEILL T3 % 4 20
(WA 7w 7 F scldFBRED Ol & LTHN D)

Other (rob_empty not_stq_busy)

Z DO DOER T CSE BZED =D ICiadia Iy bTELRVY A 7
Vi
Fie, mR7 =y FREbORME LTHHND)

UOP_ONLY_COMMIT

WOP iy DA A a Iy b AP A4 7 v

QuoP il EicTFa—rYan7—F7 7 F v i
X, REBEDO pOP MH O Iy FRT—F T/ F vy LTO
Sy b AERT 570, pOP MADRD T Iy b e RERS
%)

SINGLE_MOVPRFX_COMMIT

Pack ¥ 72> 572 MOVPRFX @iy DA A a Iy b LA 7L

Other (Oinst_commit_other)

ZDMOER AN IV FTCE RV A 7N

1INST_COMMIT wmAEa Iy VS 1T THEFA I
2INST_COMMIT wmAEa Iy P 2 THEFA I
3INST_COMMIT wmAHa Iy M 3 THEFA I
4INST_COMMIT WmAEa Iy VD 4 THBEFA I

AEBARIC 2V Event

LD_COMP_WAIT EX

LD COMP WAIT ® % £, Baseinst. ICJBT 20 EKTH 2%
A7
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Table 14-7 Formulas for Other (Cycle Accounting)

EHHE BHR
1d_comp_wait_12_miss_fl LD _COMP_WAIT L2 MISS — LD _COMP_WAIT L2 MISS EX
1d_comp_wait_11_miss_fl LD COMP_WAIT LI MISS — LD COMP_WAIT L1 _MISS EX

LD _COMP_WAIT PFP_BUSY

1d_comp_wait_pfp_busy_fl —(LD_COMP_WAIT PFP_BUSY EX +LD _COMP_WAIT PFP BUSY SWPF)

LD _COMP_WAIT
1d_comp_wait_11_hit —(LD_COMP_WAIT L2 MISS + LD _COMP_WAIT L1_MISS
+LD_COMP_WAIT PFP_BUSY)

LD COMP_WAIT EX
1d_comp_wait_11_hit_ex —(LD_COMP_WAIT L2 MISS_EX +LD_COMP_WAIT L1_MISS_EX
+LD_COMP_WAIT PFP_BUSY EX)

Id_comp wait 11 _hit fl 1d_comp_wait_11_hit-1d_comp wait 11_hit_ex
ex_comp_wait EU_COMP_WAIT - FL_COMP_WAIT
rob_empty_not_stq_busy ROB_EMPTY — (ROB_EMPTY_STQ BUSY + WFE_WFI_CYCLE)

OINST _COMMIT

— (UOP_ONLY_COMMIT + SINGLE._ MOVPRFX_COMMIT
+LD_COMP_WAIT + EU_COMP_WAIT + BR_COMP_WAIT
+ROB_EMPTY)

Oinst commit_other
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15. )y — 2

CDETITAMFX DA—F T 27 - VY —2%—EICEL D3,

Table 15-1 Out-of-Order Resources

Resource Quantity of Resource
Commit stack entry (CSE) 128 entries
Group ID (GID) 32 entries
Architecture register 32 entries
General-purpose physical register (GPR) |96 entries
Renaming register 64 entries
Architecture register 32 entries
Floating-point physical register (FPR) 128 entries
Renaming register 96 entries
Architecture register 16 entries
Predicate physical register (PPR) 48 entries
Renaming register 32 entries
Reservation station for EAG (RSA) 10 entries x 2 (split)

Reservation station for EXE (RSE)

(shared by Integer, SIMD&FP, SVE) 20 entries x 2 (split)

Reservation station for branch (RSBR) 19 entries
Temporary operand register (TOR) 3 entries

Virtual 160 entries
Fetch port (FP)

Real 40 entries

Virtual 192 entries
Store port (SP)

Real 24 entries
Write buffer (WB) 8 entries
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Table 15-2 Resources for Branch Misprediction Mechanism

Resource Quantity of Resource

Instruction Buffer (IBUFF) 6 entries

Small Taken Chain Predictor (S-TCP) 4 entries

Loop Prediction Table (LPT) 8 entries

Branch Weight Table (BWT) 2,048 entries

Branch Target Buffer (BTB) 2,048 entries (4-way set associative)
Return Address Stack (RAS) 8 entries

Table 15-3 Resources for Memory Management Unit

Resource Quantity of Resource

L1-ITLB 16 entries (full associative)
L1-DTLB 16 entries (full associative)
L2-ITLB 1,024 entries (4-way set associative)
L2-DTLB 1,024 entries (4-way set associative)
Translation Table Cache 16 entries (full associative)

Table 15-4 Resources for L1/L2 Cache

Resource Quantity of Resource

L1I cache 64 KiB (4-way set associative)
L1D cache 64 KiB (4-way set associative)
L2 unified cache 8 MiB (16-way set associative)
L1IMIB 3 entries/core

L1D MIB 12 entries/core

L1D MOB 4 entries/core

L2 MIB 256 entries/ CMG

L2 Store lock register 244 entries/CMG
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16. mEEE VATV

AGAFX 3V F— b T empdL AT v —E% ARMvS (Table 16-1), ARMv8 SIMD&FP (Table 16-2), SVE (Table 16-3) IC53F TZNZ R T,
FEROVNEBICOWTHAT 2,

®  Instruction, Alias
MADYRAFTH2, Alias i HIITTICRZWMHOY 7y P LTRIELL TS,
®  Control option
Fl—fmics T, B2 —F7x2T708FL 2L 2ORMAFZRLT0E, BANICT v 77 - vV 2y 7 ZATEFZRBILTWS
Variant # X4 2 L 3, TART 4 A2 —Yay FARIVFDLIZALX « 4 X TCEILELTW3,
TAAT AR =Y ay AT Y FTRHITERVE &R, V=R - FRTVFTRILL T D
® VL
Control option IC VL 2524 2 L ZICKAIZ KL L T3, EMTH2LEE3 A —F V2T OBER VL OFEZZ TR E2EKRL TV
®  Number of pOP
Ta— FRFICOMEE NS pOP D TH %, nOP MHiconTid 41 EExBHo L,
®  Sequential decode
V= vyx s TaA—FONRGATHLI LT, YT vixr - Ta—FEownTik4lBEESRHOZ L,
®  Pre-sync, Post-sync
Pre-sync ¥ & OF Post-sync HllfHl O3 R A TH 5 2 & 7T, SyncHilflliconTid 47 EE2SBHO L,

®  Pack

MOVPRFX i 4 ic TERi & 7z & F 1T Pack B DS HIRE 2 fir i 2 /R 37 Pack WHIC D WTIF 43 H2 2o 2 &,
®  Extra pOP

Merging prediction D & & IZ pOP A 2B E N2 MATH 5 Z & 27" T, Merging prediction IC DWW Tk 6.5.1 EAZHOZ &,
®  Blocking

MEFEITHIC 7oy v JflfHlE N5 TH LT & ERT,
NRATTAY c Tuv XU SENEMARP, HETRy XU SINIMARTE LR LTS, Tuy Xy SHlfliconTii 63 EmEESBOZ L,

® Latency
MHDFETLA T v E2RT, HARMICIE pOP A HfI TRELL T2

K — VU TOEY Th 5,
B 0P DRl S1E < TH D,
B LOP IR ERBIR Y 2 & i, JefT3 KSR poP e DHENLIE %2 [] CHIA 2K BT ERFLTHRT,
B ZE, 71/2/0204 /27 Ly REBSDNIT, 3FEHD pOP H D AN IZ—2H & ZOH[D poP iSO TH B 2 L HRLT W3,
B () BRI ERT, T, O)xN ELBIAV—70RAFXTLTH Y, () WE NHERTSZ LEKT 3,
Bl ZE, "(A/2)x 3" “1/2/1/2/1/27C, "1/ @/Mayx 27k “1/2/M4/2 /04 @i a 3,
B EHARREREREN D 2 Mk, MERLD - 7T 5,
Bz AE, 717002 /82 /B2 k0 SEEHO L 4 7 v 2 1 @ pOP fr i icEfid 37X T uoP MK EL T 3
oL E, /020 x3 - UL CERER L T 5,

HOP M I 3B A L —v a v - 70— AN b 0BH 5, HEARL—vay - 70—-BlHAEDLE o7 Z2DRITNV—NVIEUTOMEY TH 2, LT - AL =Y a3 VIZOWTIZ42EZSHo T &,
72, AL —vav - 7u—HoRFEREHIEZ 7 —0RDO720, AL —va v - 7u—B 3 REFEBEROMBIRRII RV,

102 A64FX Microarchitecture Manual 1.0



®  Pipeline

AL —vayv - 7u—%FETTE4 754 vET, B4 TIT4VICO0TIZ62ERSHO L,

Ta—F - A7 VI CHEINTAR L —vay - 7u—IUKEFRIRAE R, RO T4 TSI LCEITING LI XYY TR T B,
TaA—F AT =V TIHRINEAL—vay - 7o —IKEBRED D 25, HBEDO AL 774 v CEFTING L X" KUY cEl L CKiLT 5,
KITATF =V IO EnNd L —vay - 7a—KERBEEH D, AL —vav - 70 —203FRICETE N L X3, "+ XYY CHlfE L <KL 5.
Pipe( )B9443R5C 13 Gather load / Scatter store, Multiple structures load / store D 7z OFFH| 2 KFLTH %,

Pipe(L,N)iZL A T vy Lo7a—%, NEEHEL CTHEIA ZARITTI2IL2RLTVE, 70 —RBICIKER RO 54 774 vFEFTEND,

Ko — v A 7 v o RigxEAL L, LTor—1%BINT %,
FRL—vav - 7u—RETARERSA T IAVPERD L L EIZ, *(TALEH—F) & |Gl 2o TKiLT %,

® FLOPS

4 D Performance Event THL 2 F1F &35 Element 72 Y OFEI/NUHIEBERTH 5,

Bl 21X, EX* | EAG* 13 EX REGHESR) 4 794V L EAG(7 FLZEER) DWTFhOASL FI54 v CHETFTEL L EEK LT3,
FEMAE D EXB oS4 794 VTCEITTEILERLTWS,

¥7-. (EXA+EXA)|(EXB+EXB) (I, AL —vav - 70— | HFHEL 2EBHIUKELH 0, W& b EXA N4 7T 4 v TELT,

W OhDFRL—a v - 70 —DHREDETIEZ. N4 %R - RFAT 4 BFHICMZONS,

TDXIREZIT, NARNZIRBRETEZ AL T T4 VBT "HNULLH ZHFAL, 2oL AT Vi RDEDRIUMBEIC AL N+ RFAT 4 DLA T VIRERTINTW S,

Bl ziE, vA4 T v RED 143467 TN T T4 vKEED "EXA+NULL+FLA” TH b & &ld, FRDOIF A IADBANA N - RFVT 4 TH D,

Pipe()BA#(EREC 1Z L 4 7 v~ FKF & [FIKKIC, Gather load / Scatter store, Multiple structures load / store D729 OFRipl KL TH %,

Pipe(P, N)I3-¥4 75 4 v PIC, NEI 7o =03 F%fTINBE L EZRL T 5,

7235, Gather load / Scatter store [3—2DF <L —> a3 « 70— EAGA & EAGB Oiff 2T 5720, fifl$ 254 774 VIZ”EAGA & EAGB” &Rl L T3,
®  Number of FP
00— F/ 2 FT7aHaIcE Y BT oD Fetch Port 2T %, FetchPort ICDOWTIX 7.3 EAR SO &,
®  Number of SP
o—F/ X+ 7amicEl Y H TS5 5 Store Port 8CTH %, Fetch Port ICDOWTIE 73 EZZ O L,

ARIHHNZEMTH S & %13 70" FLOPS & L TH#biL 3, Performance Event T?D FLOPS B IZ oW TiF 142 B SO Z &,

16.1.

ARMYvVE Base instructions

Table 16-1 Instruction Attributes/Latency (ARMYvS)

Instruction Alias Control option ::(;); d::(‘)lclie :;::c ];;;tc Blocking Latency Pipeline # of FP # of SP
ADC 1 1 EX*
ADCS 1 1 EX*
ADD (extended register) <amount> = 0 && ( 1 1 EX* | EAG*
If sf=0 Then
<extend> = {LSL|UXTW|UXTX|SXTW|SXTX}
Else
<extend> = {UXTX|SXTX}
)
1 P |1+1 (EXA + EXA) | (EXB + EXB)
ADD (immediate) MOV (to/from SP) 1 1 EX* | EAG*
1 1 EX* | EAG*
ADD (shifted register) <amount>=0 1 1 EX* | EAG*
<amount> = [1-4] && <shift>=LSL 1 P 1+1 (EXA + EXA) | (EXB + EXB)
1 P [2+1 (EXA + EXA) | (EXB + EXB)
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Instruction Alias Control option ::(;’; dzfgée :;:c l;;rsltc Blocking Latency Pipeline # of FP # of SP
ADDS (extended register) CMN (extended register) <amount>=0 1 1 EX*
1 P |1+1 (EXA + EXA) | (EXB + EXB)
<amount>=0 && ( 1 1 EX*
If sf=0 Then
<extend>= {LSL|UXTW|UXTX|SXTW|SXTX}
Else
<extend> = {UXTX|SXTX}
)
1 P |1+1 (EXA + EXA) | (EXB + EXB)
ADDS (immediate) CMN (immediate) 1 1 EX*
1 1 EX*
ADDS (shifted register) CMN (shifted register) <amount> =0 1 1 EX*
<amount> = [1-4] && <shift> = LSL 1 P 1+1 (EXA + EXA) | (EXB + EXB)
1 P |2+1 (EXA + EXA) | (EXB + EXB)
<amount>=0 1 1 EX*
<amount> = [1-4] && <shift> = LSL 1 P 1+1 (EXA + EXA) | (EXB + EXB)
1 P [2+1 (EXA + EXA) | (EXB + EXB)
ADR 1 1 EAGB
ADRP 1 1 EAGB
AND (immediate) 1 1 EX* | EAG*
AND (shifted register) <amount>=0 1 1 EX* | EAG*
1 P |2+1 (EXA + EXA) | (EXB + EXB)
ANDS (immediate) TST (immediate) 1 1 EX*
1 1 EX*
ANDS (shifted register) TST (shifted register) <amount> =0 1 1 EX*
1 P |2+1 (EXA + EXA) | (EXB + EXB)
<amount>=0 1 1 EX*
1 P |2+1 (EXA + EXA) | (EXB + EXB)
ASRV ASR (register) 1 2 EX*
B.cond 1 NA BR
B 1 NA BR
BFM BFI 4 2/W1 /1 /021 EX* / EX* / EX* / EX*
BFXIL 4 v 2/M1/1 /021 EX* / EX* / EX* / EX*
4 N 2/Mm1/1/021 EX* / EX* / EX* / EX*
BIC (shifted register) <amount>=0 1 1 EX* | EAG*
1 P |2+1 (EXA + EXA) | (EXB + EXB)
BICS (shifted register) <amount> =0 1 1 EX*
1 P |2+1 (EXA + EXA) | (EXB + EXB)
BL 1 1 EAGB, BR
BLR 1 1, NA,NA EAGB, EXA, BR
BR 1 1, NA EXA, BR

104 A64FX Microarchitecture Manual 1.0




# of

Seq.

Pre-

Post-

Instruction Alias Control option 11178 | flemats | e | s Blocking Latency Pipeline # of FP # of SP
BRK 2 v | v | v NA /NA /
CAS{|A|AL|L} 3 N 1/5;1 /@1 EAG* / EAGA; EXA / EXA 1 1
CAS{|A|AL|L}B 3 N 1/51/@1 EAG* / EAGA; EXA / EXA 1 1
CAS{|A|AL|L}H 3 N 1/5;1/@1 EAG* / EAGA; EXA / EXA 1 1
CASP{|A|AL|L} 7 N 1/5M1/1/@1/5®W1/1/@1 EAG* / EAGA; EXA / EXA / EAG* / EAGA; EXA / EXA / EAG* 2 2
CBNZ 1 1 EX*
CBZ 1 1 EX*
CCMN (immediate) 1 P 1+1 (EXA + EXA) | (EXB + EXB)
CCMN (register) 1 P 1+1 (EXA + EXA) | (EXB + EXB)
CCMP (immediate) 1 P 1+1 (EXA + EXA) | (EXB + EXB)
CCMP (register) 1 P 1+1 (EXA + EXA) | (EXB + EXB)
CLREX 2 v NA /NA / EAGA 1
CLS 1 2 EX*
CLZ 1 2 EX*
CRC32B 1 E 10 EXB
CRC32H 1 E 10 EXB
CRC32W 1 E 12 EXB
CRC32X 1 E 20 EXB
CRC32CB 1 E 10 EXB
CRC32CH 1 E 10 EXB
CRC32CW 1 E 12 EXB
CRC32CX 1 E 20 EXB
CSEL 1 1 EX*
CSINC CINC 1 1 EX*
CSET 1 1 EX*
1 1 EX*
CSINV CINV 1 1 EX*
CSETM 1 1 EX*
1 1 EX*
CSNEG CNEG 1 1 EX*
1 1 EX*
DCPS1 2 N4 NA / NA /
DCPS2 2 N4 NA / NA /
DCPS3 2 NG NA / NA /
DMB 2 v NA /NA / EAGA 1
DRPS 2 v | v | v NA /NA /
DSB 2 N4 NA / NA / EAGA 1
EON (shifted register) <amount> =0 1 1 EX* | EAG*
1 P |2+1 (EXA + EXA) | (EXB + EXB)
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# of

Seq.

Pre-

Post-

Instruction Alias Control option 11178 | flemats | e | s Blocking Latency Pipeline # of FP # of SP
EOR (immediate) 1 1 EX* | EAG*
EOR (shifted register) <amount> =0 1 1 EX* | EAG*
1 P |2+1 (EXA + EXA) | (EXB + EXB)
ERET 2 J v | v NA /NA /
EXTR ROR (immediate) 1 2 EX*
3 v 2/2 /021 EX* / EX* / EX*

HINT NOP 1 NA

YIELD 6 N N, NA/NA/NA/NA/NA/NA 1111/

WFE 2 v N4 v NA /NA

WFI 2 N N NA /NA /

SEV 2 v v | v NA /NA /

SEVL 2 v v | v NA /NA /
HLT 2 v v | v NA /NA /
HVC 2 NG v | v NA /NA /
ISB 2 v v NA /NA / EAGA 1
LDADD{|A|AL|L} 4 N 1 /W5 /111 / LINA EAG* / EAGA / EXA / EXA 1 1
LDADDB|A|AL|L)B 4 N 1 /W5 /111 / LINA EAG* / EAGA / EXA / EXA 1 1
LDADDB|A|AL|L}H 4 v 1 /M5 /11 / LINA EAG* / EAGA / EXA / EXA 1 1
LDAR 1 5 EAGA 1
LDARB 1 5 EAGA 1
LDARH 1 5 EAGA 1
LDAXP 3 N 1/15 /15 EAG* / EAGA / EAGA 3
LDAXR 1 5 EAGA 1
LDAXRB 1 5 EAGA 1
LDAXRH 1 5 EAGA 1
LDCLR{|A|AL|L} 4 4 1 /M5 /11 / LINA EAG* / EAGA / EXA / EXA 1 1
LDCLR{|A|AL|L}B 4 v 1 /M5 /11 / LINA EAG* / EAGA / EXA / EXA 1 1
LDCLR{|A|AL|L}H 4 v 1 /M5 /11 / LINA EAG* / EAGA / EXA / EXA 1 1
LDEOR{|A|AL|L} 4 4 1 /M5 /11 / LINA EAG* / EAGA / EXA / EXA 1 1
LDEOR{|A|AL|L}B 4 v 1 /M5 /11 / LINA EAG* / EAGA / EXA / EXA 1 1
LDEOR{|AJAL|L}H 4 v 1 /M5 /11 / LINA EAG* / EAGA / EXA / EXA 1 1
LDLAR 1 5 EAGA 1
LDLARB 1 5 EAGA 1
LDLARH 1 5 EAGA 1
LDNP 2 5/5 EAG* / EAG* 2
LDP Post-index 3 5/5/1 EAG* / EAG* / EX*| EAG* 2

Pre-index 3 5/5/1 EAG* / EAG* / EX*| EAG* 2
Signed offset 2 5/5 EAG*/EAG* 2

LDPSW Post-index 3 5/5/1 EAG* / EAG* / EX*| EAG* 2
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Instruction Alias Control option ::(;’; dz:‘?"ie :;:c l;;rsltc Blocking Latency Pipeline # of FP # of SP
Pre-index 3 5/5/1 EAG* / EAG* / EX*| EAG* 2
Signed offset 2 5/5 EAG*/EAG* 2
LDR (immediate) Post-index 2 5/1 EAG* / EX*| EAG* 1
Pre-index 2 5/1 EAG* / EX*| EAG* 1
Unsigned offset 1 5 EAG* 1
LDR (literal) 1 5 EAGB 1
LDR (register) 1 5 EAG* 1
LDRB (immediate) Post-index 2 5/1 EAG* / EX*| EAG* 1
Pre-index 2 5/1 EAG* / EX*| EAG* 1
Unsigned offset 1 5 EAG* 1
LDRB (register) 1 5 EAG* 1
LDRH (immediate) Post-index 2 5/1 EAG* / EX*| EAG* 1
Pre-index 2 5/1 EAG* / EX*| EAG* 1
Unsigned offset 1 5 EAG* 1
LDRH (register) 1 5 EAG* 1
LDRSB (immediate) Post-index 2 5/1 EAG* / EX*| EAG* 1
Pre-index 2 5/1 EAG* / EX*| EAG* 1
Unsigned offset 1 5 EAG* 1
LDRSB (register) 1 5 EAG* 1
LDRSH (immediate) Post-index 2 5/1 EAG* / EX*| EAG* 1
Pre-index 2 5/1 EAG* / EX*| EAG* 1
Unsigned offset 1 5 EAG* 1
LDRSH (register) 1 5 EAG* 1
LDRSW (immediate) Post-index 2 5/1 EAG* / EX*| EAG* 1
Pre-index 2 5/1 EAG* / EX*| EAG* 1
Unsigned offset 1 5 EAG* 1
LDRSW (literal) 1 5 EAGB 1
LDRSW (register) 1 5 EAG* 1
LDSET{|A|AL|L} 4 4 1 /M5 /11 / LINA EAG* / EAGA / EXA / EXA 1 1
LDSET{|A|AL|L}B 4 v 1 /M5 /11 / LINA EAG* / EAGA / EXA / EXA 1 1
LDSET{|A|AL|L}H 4 v 1 /M5 /M1 /MNA EAG* / EAGA / EXA / EXA 1 1
LDSMAX{|A|AL|L} 4 v //P/ |1/05/1+111 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMAX{|A|AL|L} 4 v //P/ |1/05/1+111 / INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMAX{|A|AL|L} 4 v //P/ |1/05/1+111 / INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMIN{|A|AL|L} 4 v //P/ |1/05/1+0111 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMIN{|A|AL|L}B 4 v //P/ |1/15/1+11 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMIN{|AJAL|L}H 4 v //P/ |1/15/1+11 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDTR 1 5 EAG* 1
LDTRB 1 5 EAG* 1
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LDTRH 1 5 EAG* 1
LDTRSB 1 5 EAG* 1
LDTRSH 1 5 EAG* 1
LDTRSW 1 5 EAG* 1
LDUMAX{|A|AL|L} 4 v //P/ |1/15/1+11 /1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDUMAX{|A|AL|L}B 4 v //P/ |1/05/1+11 /INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDUMAX{|A|AL|L}H 4 v //P/ |1/05/1+0111 / INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDUMIN{|A|AL|L} 4 v //P/ |1/05/1+111 / INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDUMIN{|A|AL|L}B 4 v //P/ |1/05/1+111 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDUMIN{|A|AL|L}H 4 v //P/ |1/05/1+011 / INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDUR 1 5 EAG* 1
LDURB 1 5 EAG* 1
LDURH 1 5 EAG* 1
LDURSB 1 5 EAG* 1
LDURSH 1 5 EAG* 1
LDURSW 1 5 EAG* 1
LDXP 3 N4 1 /15 /15 EAG* / EAGA / EAGA 3
LDXR 1 5 EAGA 1
LDXRB 1 5 EAGA 1
LDXRH 1 5 EAGA 1
LSLV LSL (register) 1 2 EX*
LSRV LSR (register) 1 2 EX*
MADD MUL 1 5 EXA

2 5/11 EXA / EXA
MOVK 1 1 EX* | EAG*
MOVN MOV (inverted wide 1 1 EX* | EAG*

immediate)

1 1 EX* | EAG*
MOVZ MOV (wide immediate) 1 1 EX* | EAG*

1 1 EX* | EAG*
MRS (G 1) 2 v
MSR (immediate) (X 1) 2
MSR (register) (3£ 1) 2
MSUB MNEG 2 5/01 EXA / EXA

2 5/01 EXA / EXA
ORN (shifted register) MVN <amount> =0 1 1 EX* | EAG*

1 P |2+1 (EXA + EXA) | (EXB + EXB)

<amount>=0 1 1 EX* | EAG*
1 P [2+1 (EXA + EXA) | (EXB + EXB)
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Instruction Alias Control option ::(;’; d::(?c.le :;:c l;;:tc Blocking Latency Pipeline # of FP # of SP
ORR (immediate) MOV (bitmask immediate) 1 1 EX* | EAG*
1 1 EX* | EAG*
ORR (shifted register) MOV (register) <amount> =0 1 1 EX* | EAG*
1 P 2+1 EX* + EX*
<amount> =0 1 1 EX* | EAG*
1 P [2+1 (EXA + EXA) | (EXB + EXB)
PRFM (immediate) 1 NA EAG* 1
PRFM (literal) 1 NA EAGB 1
PRFM (register) 1 NA EAG* 1
PRFM (unscaled offset) 1 NA EAG* 1
RBIT 1 1 EX* | EAG*
RET 1 1 EXA
REV REV64 1 1 EX* | EAG*
REV16 1 1 EX* | EAG*
REV32 1 1 EX* | EAG*
RORV ROR (register) 1 2 EX*
SBC NGC 1 1 EX*
1 1 EX*
SBCS NGCS 1 1 EX*
1 1 EX*
SvC 2 N4 v | v NA / NA /
SBFM ASR (immediate) <shift>=0 1 1 EX*
1 2 EX*
SBFIZ 1 P [2+1 (EXA + EXA) | (EXB + EXB)
SBFX 1 P [2+1 (EXA + EXA) | (EXB + EXB)
SXTB 1 1 EX*
SXTH 1 1 EX*
SXTW 1 1 EX*
1 P |2+1 (EXA + EXA) | (EXB + EXB)
SDIV sf=0 1 E  |n(9-26) EXB
sf=1 1 E [n(9-42) EXB
SMADDL SMULL 1 5 EXA
2 5/01 EXA / EXA
SMC 2 N4 v | v NA / NA /
SMSUBL SMNEGL 2 5/01 EXA / EXA
2 5/01 EXA / EXA
SMULH 1 5 EXA
STADD{|L} 4 N 1/ M5 /M1 / LNA EAG* / EAGA / EXA / EXA 1 1
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STADD{|L}B 4 N 1/ W5 /M1 / LNA EAG* / EAGA / EXA / EXA 1 1
STADD{|L}H 4 N 1 /M5 /11 / LNA EAG* / EAGA / EXA / EXA 1 1
STCLR{|L} 4 N 1/M5 /M1 / LNA EAG* / EAGA / EXA / EXA 1 1
STCLR{|L}B 4 N 1/ M5 /M1 / LNA EAG* / EAGA / EXA / EXA 1 1
STCLR{|L}H 4 N 1/ M5 /M1 / LNA EAG* / EAGA / EXA / EXA 1 1
STEOR{|L} 4 N 1 /15 /01 / LINA EAG* / EAGA / EXA / EXA 1 1
STEOR{|L}B 4 N 1 /M5 /11 / LINA EAG* / EAGA / EXA / EXA 1 1
STEOR{|L}H 4 N 1 /M5 /01 / LINA EAG* / EAGA / EXA / EXA 1 1
STTLR 1 NA, NA EAG*, EXA 1 1
STTLRB 1 NA, NA EAG* EXA 1 1
STTLRH 1 NA, NA EAG* EXA 1 1
STLLR 1 NA, NA EAG*, EXA 1 1
STLLRB 1 NA, NA EAG* EXA 1 1
STLLRH 1 NA, NA EAG* EXA 1 1
STLR 1 NA, NA EAG*, EXA 1 1
STLRB 1 NA, NA EAG*, EXA 1 1
STLRH 1 NA, NA EAG*, EXA 1 1
STLXP 7 v 1/8M1/1/@1 /81 /1 /21 EAG* / EAGA; EXA / EXA / EAG* / EAGA; EXA / EXA / EAG* 2 2
STLXR 3 v 1/8;1/ZINA EAG* / EAGA; EXA / EXA 1 1
STLXRB 3 v 1/8;1/ZINA EAG* / EAGA; EXA / EXA 1 1
STLXRH 3 v 1/8;1/EINA EAG* / EAGA; EXA / EXA 1 1
STNP 2 NA, NA / NA, NA EXA, EAG* / EXA, EAG* 2 2
STP Post-index 3 NA,NA /NA,NA /1 EAG*, EXA / EAG*, EXA / EX*| EAG* 2 2

Pre-index 3 NA,NA/NA,NA /1 EAG* EXA / EAG*, EXA / EX*| EAG* 2 2
Signed offset 2 NA, NA / NA,NA EAG* EXA / EAG* EXA 2 2
STR (immediate) Post-index 2 NA,NA/1 EAG* EXA / EX*| EAG* 1 1
Pre-index 2 NA,NA/1 EAG*, EXA / EX*| EAG* 1 1
Unsigned offset 1 NA, NA EAG* EXA 1 1
STR (register) 1 NA, NA EAG* EXA 1 1
STRB (immediate) Post-index 2 NA,NA/1 EAG*, EXA / EX*| EAG* 1 1
Pre-index 2 NA,NA/1 EAG* EXA / EX*| EAG* 1 1
Unsigned offset 1 NA, NA EAG*, EXA 1 1
STRB (register) 1 NA, NA EAG*, EXA 1 1
STRH (immediate) Post-index 2 NA,NA/1 EAG* EXA / EX*| EAG* 1 1
Pre-index 2 NA,NA/1 EAG* EXA / EX*| EAG* 1 1
Unsigned offset 1 NA, NA EAG*, EXA 1 1
STRH (register) 1 NA, NA EAG* EXA 1 1
STSET{|L} 4 v 1 /M5 /11 / LINA EAG* / EAGA / EXA / EXA 1 1
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Instruction Alias Control option ::(;’; dzfgée :;:c l;;rsltc Blocking Latency Pipeline # of FP # of SP
STSET{|L}B 4 N 1/ W5 /M1 / LNA EAG* / EAGA / EXA / EXA 1 1
STSET{|L}H 4 N 1 /M5 /11 / LNA EAG* / EAGA / EXA / EXA 1 1
STSMAX{|L} 4 v 1 /115 / 1+1 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
STSMAX{|L}B 4 v 1 /115 / 1+ / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
STSMAX{|L}H 4 v 1 /115 / 1+ / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
STSMIN{|L} 4 N 1 /W5 /141 / INA EAG* / EAGA / EXA+EXA / EXA 1 1
STSMIN{|L}B 4 N 1 /W5 /141 / INA EAG* / EAGA / EXA+EXA / EXA 1 1
STSMIN{|L}H 4 N 1 /W5 /141 / INA EAG* / EAGA / EXA+EXA / EXA 1 1
STTR 1 NA, NA EAG*, EXA 1 1
STTRB 1 NA, NA EAG*, EXA 1 1
STTRH 1 NA, NA EAG*, EXA 1 1
STUMAX({|L} 4 v 1 /W5 / 1+111 / INA EAG* / EAGA / EXA+EXA / EXA 1 1
STUMAX{|L}B 4 v 1 /W5 / 1+111 / INA EAG* / EAGA / EXA+EXA / EXA 1 1
STUMAX{|L}H 4 v 1 /W5 / 1+111 / INA EAG* / EAGA / EXA+EXA / EXA 1 1
STUMIN{|L} 4 v 1 /115 / 1+ / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
STUMIN{|L}B 4 v 1 /115 / 1+1 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
STUMIN{|L}H 4 v 1 /115 / 1+ / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
STUR 1 NA, NA EAG* EXA 1 1
STURB 1 NA, NA EAG*, EXA 1 1
STURH 1 NA, NA EAG*, EXA 1 1
STXP 7 v 1/8M1/1/@1/8M1 /1 /21 EAG* / EAGA; EXA / EXA / EAG* / EAGA; EXA / EXA / EAG* 2 2
STXR 3 4 1/8;1/INA EAG* / EAGA; EXA / EXA 1 1
STXRB 3 4 1/8;1/INA EAG* / EAGA; EXA / EXA 1 1
STXRH 3 v 1/8;1/ZINA EAG* / EAGA; EXA / EXA 1 1
SUB (extended register) <amount> = 0 && ( 1 1 EX* | EAG*

If sf=0 Then
<extend> = {LSL|UXTW|UXTX|SXTW/|SXTX}
Else
<extend> = {UXTX|SXTX}
)
1 P |1+1 (EXA + EXA) | (EXB + EXB)
SUB (immediate) 1 1 EX* | EAG*
SUB (shifted register) NEG (shifted register) <amount> = [1-4] && <shift> = LSL 1 P 1+1 (EXA + EXA) | (EXB + EXB)
<amount> == 1 1 EX* | EAG*
1 P [2+1 (EXA + EXA) | (EXB + EXB)
<amount>=0 1 1 EX* | EAG*
<amount> = [1-4] && <shift> = LSL 1 P 1+1 (EXA + EXA) | (EXB + EXB)
1 P [2+1 (EXA + EXA) | (EXB + EXB)
SUBS (extended register) CMP (extended register) <amount> =0 1 1 EX*
1 P [1+1 (EXA + EXA) | (EXB + EXB)
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<amount> = 0 && ( 1 1 EX*
If sf=0 Then
<extend> = {LSL|UXTW|UXTX|SXTW|SXTX}
Else
<extend> = {UXTX|SXTX}
)
1 P |1+1 (EXA + EXA) | (EXB + EXB)
SUBS (immediate) CMP (immediate) 1 1 EX*
1 1 EX*
SUBS (shifted register) CMP (shifted register) <amount>=0 1 1 EX*
<amount> = [1-4] && <shift> = LSL 1 P 1+1 (EXA + EXA) | (EXB + EXB)
1 P |2+1 (EXA + EXA) | (EXB + EXB)
NEGS <amount> =0 1 1 EX*
<amount> = [1-4] && <shift> = LSL 1 P 1+1 (EXA + EXA) | (EXB + EXB)
1 P |2+1 (EXA + EXA) | (EXB + EXB)
<amount>=0 1 1 EX*
<amount> = [1-4] && <shift> = LSL 1 P 1+1 (EXA + EXA) | (EXB + EXB)
1 P |2+1 (EXA + EXA) | (EXB + EXB)
SWP{|A|AL|L} 1 NA, NA EAGA, EXA 1 1
SWP{|A|AL|L}B 1 NA, NA EAGA, EXA 1 1
SWP{|A|AL|L}H 1 NA, NA EAGA, EXA 1 1
SYS AT 1 NA, NA EAGA, EXA 1 1
DC 1 NA, NA EAGA, EXA 1 1
IC 1 NA, NA EAGA, EXA 1 1
TLBI 1 NA, NA EAGA, EXA 1 1
1 NA, NA EAGA, EXA 1 1
SYSL 2 N NA /NA /
TBNZ 1 1 EX*
TBZ 1 1 EX*
UBFM LSL (immediate) <shift> = [1-4] 1 1 EX*
1 2 EX*
LSR (immediate) <shift>=0 1 1 EX*
1 2 EX*
UBFIZ 1 P [2+1 (EXA + EXA) | (EXB + EXB)
UBFX 1 P [2+1 (EXA + EXA) | (EXB + EXB)
UXTB 1 1 EX*
UXTH 1 1 EX*
If sf=1 Then 1 1 EX*
immr =='000000' && imms =="'011111"
1 P |2+1 (EXA + EXA) | (EXB + EXB)
UDIV sf=0 1 E [n(9-25) EXB
sf=1 1 E [n(9-41) EXB
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UMADDL UMULL 1 5 EXA
2 5 /01 EXA / EXA
UMSUBL UMNEGL 2 5 /01 EXA / EXA
2 5/m1 EXA / EXA
UMULH 1 5 EXA

(EF1)MRS/MSR S 37 272 A F 2L AT 4 - LYRZXICX WHIENRL S,
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16.2. ARMvVE SIMD&FP instructions

Table 16-2 Instruction Attributes/Latency (ARMv8 SIMD&FP)

Instruction Alias Control option ::(;’; d:ceg(.ie :;:; l;;:tc Blocking Latency Pipeline # of FP | #ofSP | FLOPS
ABS 1 4 FL*
ADD (vector) 1 4 FL*
ADDHN, ADDHN?2 2 v 4 /16 FL* / FLB
ADDP (scalar) 2 v 6 /114 FLA / FL*
ADDP (vector) 3 v 6/6 /11214 FLA / FLA / FL*
ADDV 6 v 4 /14 /16 /124 /114 /114 FL* / FL* / FLA / FL* / FL* / FL*
AESD 1 E 8 FLA
AESE 1 E 8 FLA
AESIMC 1 E 8 FLA
AESMC 1 E 8 FLA
AND (vector) 1 4 FL*
BIC (vector, immediate) 1 4 FLA
BIC (vector, register) 1 4 FL*
BIF 1 1+4 FL* + FL*
BIT 1 1+4 FL* + FL*
BSL 1 1+4 FL* + FL*
CLS (vector) 1 4 FLA
CLZ (vector) 1 4 FLA
CMEQ (register) 1 4 FL*
CMEQ (zero) 1 4 FL*
CMGE (register) 1 4 FL*
CMGE (zero) 1 4 FL*
CMGT (register) 1 4 FL*
CMGT (zero) 1 4 FL*
CMHI (register) 1 4 FL*
CMHS (register) 1 4 FL*
CMLE (zero) 1 4 FL*
CMLT (zero) 1 4 FL*
CMTST 1 4 FL*
CNT 1 4 FLB
DUP (element) MOV (scalar) 1 6 FLA
DUP (general) 1 1+3+6 EXA + NULL + FLA
EOR (vector) 1 4 FL*
EXT 1 6 FLA
FABD 1 9 FL* 1
FABS (scalar) 1 4 FL*
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FABS (vector) 1 4 FL*
FACGE 1 4 FL*
FACGT 1 4 FL*
FADD (scalar) 1 9 FL* 1
FADD (vector) 1 9 FL* 1
FADDP (scalar) 2 6 /119 FLA / FL* 1
FADDP (vector) 3 v 6 /6 /11219 FLA / FLA / FL* 1
FCADD 2 6 /119 FLA / FLB 1
FCCMP 1 4 FL*
FCCMPE 1 4 FL*
FCMEQ (register) 1 4 FL*
FCMEQ (zero) 1 4 FL*
FCMGE (register) 1 4 FL*
FCMGE (zero) 1 4 FL*
FCMGT (register) 1 4 FL*
FCMGT (zero) 1 4 FL*
FCMLA 3 6/6 /029 FLA / FLA / FL* 2
FCMLA (by element) 3 6/6 /029 FLA / FLA / FL* 2
FCMLE (zero) 1 4 FL*
FCMLT (zero) 1 4 FL*
FCMP 1 4 FL*
FCMPE 1 4 FL*
FCSEL 1 4 FL*
FCVT 1 9 FL*
FCVTAS (scalar) 1 9+1;15 FLA + NULL ; EAG* 1 1
FCVTAS (vector) 1 9 FL*
FCVTAU (scalar) 1 9+1;15 FLA + NULL ; EAG* 1 1
FCVTAU (vector) 1 9 FL*
FCVTL, FCVTL2 <Ta> =4S 2 6 /1119 FLB / FL*
<Ta>=2D 1 6 FLB
FCVTMS (scalar) 1 9+1;15 FLA + NULL ; EAG* 1 1
FCVTMS (vector) 1 9 FL*
FCVTMU (scalar) 1 9+1; 15 FLA + NULL ; EAG* 1 1
FCVTMU (vector) 1 9 FL*
FCVTN, FCVTN2 2 9 /6 FL* / FLA
FCVTNS (scalar) 1 9+1; 15 FLA + NULL ; EAG* 1 1
FCVTNS (vector) 1 9 FL*
FCVTNU (scalar) 1 9+1;15 FLA + NULL ; EAG* 1 1
FCVTNU (vector) 1 9 FL*
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FCVTPS (scalar) 1 9+1; 15 FLA + NULL ; EAG* 1 1
FCVTPS (vector) 1 9 FL*
FCVTPU (scalar) 1 9+1;15 FLA + NULL ; EAG* 1 1
FCVTPU (vector) 1 9 FL*
FCVTXN, FCVTXN2 Scalar 1 9 FL*
Vector 2 9 /6 FL* / FLA
FCVTZS (scalar, fixed-point) 1 9+1; 15 FLA + NULL ; EAG* 1 1
FCVTZS (scalar, integer) 1 9+1; 15 FLA + NULL ; EAG* 1 1
FCVTZS (vector, fixed-point) 1 9 FL*
FCVTZS (vector, integer) 1 9 FL*
FCVTZU (scalar, fixed-point) 1 9+1;15 FLA + NULL ; EAG* 1 1
FCVTZU (scalar, integer) 1 9+1; 15 FLA + NULL ; EAG* 1 1
FCVTZU (vector, fixed-point) 1 9 FL*
FCVTZU (vector, integer) 1 9 FL*
FDIV (scalar) <R>=H 1 E 38 FLA 1
<R>=S 1 E 29 FLA
<R>=D 1 E 43 FLA
FDIV (vector) <T>={4H|8H} 1 E 38 FLA 1
<T> = {25|4S} 1 E 29 FLA
<T>=2D 1 E 43 FLA
FMADD 1 9 FL* 2
FMAX (scalar) 1 4 FL*
FMAX (vector) 1 4 FL*
FMAXNM (scalar) 1 4 FL*
FMAXNM (vector) 1 4 FL*
FMAXNMP (scalar) 2 v 6 /114 FLA / FL*
FMAXNMP (vector) 3 v 6/6/024 FLA / FLA / FL*
FMAXNMV <T> = {4H|8H} 7 v 4/ (W6 /124)x 3 FL* / (FLA / FL¥) x 3
<T>=4S 5 v 4/(W6/124)x 2 FL* / (FLA /FL¥) x 2
FMAXP (scalar) 2 J 6 /M4 FLA / FL*
FMAXP (vector) 3 J 6/6 /024 FLA / FLA / FL*
FMAXV <T>= {4H|8H} 7 J 4/ (06 /124)x 3 FL* / (FLA / FL¥) x 3
<T>=4S 5 J 4/ (06 /124) x 2 FL* / (FLA / FL¥) x 2
FMIN (scalar) 1 4 FL*
FMIN (vector) 1 4 FL*
FMINNM (scalar) 1 4 FL*
FMINNM (vector) 1 4 FL*
FMINNMP (scalar) 2 6 /114 FLA / FL*
FMINNMP (vector) 3 v 6/6/024 FLA / FLA / FL*
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FMINNMV <T> = {4H|8H} 7 N 4/ (6 /124)x 3 FL* / (FLA / FL¥) x 3

<T>=4S 5 v 4 /(W6 /11214) x 2 FL* / (FLA /FL¥) x 2
FMINP (scalar) 2 v 6 /114 FLA / FL*
FMINP (vector) 3 v 6/6 /024 FLA / FLA / FL*
FMINV <T>= {4H|8H} 7 v 4/ (W6 /124)x 3 FL* / (FLA / FL¥) x 3

<T>=4S 5 J 4/ (06 /124) x 2 FL* / (FLA / FL¥) x 2
FMLA (by element) 2 v 6 /119 FLA / FL* 2
FMLA (vector) 1 9 FL* 2
FMLS (by element) 2 v 6 /119 FLA / FL* 2
FMLS (vector) 1 9 FL* 2
FMOV (vector, immediate) 1 4 FLA
FMOV (register) 1 4 FL*
FMOV (general) {Wn|Xn} to {Hd|Sd|Dd|Vd} 1 1+3+6 EXA + NULL + FLA

{Hn|Sn|Dn} to {Wd|Xd} 1 1;13 FLA ; EAG* 1 1

Vn.D[1] to Xd 1 6+1;18 FLA + NULL ; EAG* 1 1
FMOV (scalar, immediate) 1 4 FLA
FMSUB 1 9 FL* 2
FMUL (by element) 2 v 6 /119 FLA / FL* 1
FMUL (scalar) 1 9 FL* 1
FMUL (vector) 1 9 FL* 1
FMULX (by element) 2 v 6 /119 FLA / FL* 1
FMULX 1 9 FL* 1
FNEG (scalar) 1 4 FL*
FNEG (vector) 1 4 FL*
FNMADD 1 9 FL* 2
FNMSUB 1 9 FL* 2
FNMUL 1 9 FL* 1
FRECPE 1 4 FL*
FRECPS 1 9 FLA 1
FRECPX 1 4 FL*
FRINTA (scalar) 1 9 FL*
FRINTA (vector) 1 9 FL*
FRINTI (scalar) 1 9 FL*
FRINTI (vector) 1 9 FL*
FRINTM (scalar) 1 9 FL*
FRINTM (vector) 1 9 FL*
FRINTN (scalar) 1 9 FL*
FRINTN (vector) 1 9 FL*
FRINTP (scalar) 1 9 FL*
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FRINTP (vector) 1 9 FL*
FRINTX (scalar) 1 9 FL*
FRINTX (vector) 1 9 FL*
FRINTZ (scalar) 1 9 FL*
FRINTZ (vector) 1 9 FL*
FRSQRTE 1 4 FL*
FRSQRTS 1 9 FLA 1
FSQRT (scalar) <R>=H 1 E 38 FLA 1
<R>=S 1 E 29 FLA
<R>=D 1 E 43 FLA
FSQRT (vector) <T> = {4H|8H} 1 E 38 FLA 1
<T> = {25|4S} 1 E 29 FLA
<T>=2D 1 E 43 FLA
FSUB (scalar) 1 9 FL* 1
FSUB (vector) 1 9 FL* 1
INS (element) MOV (element) 1 6 FLA
INS (general) MOV (from general) 1 1+3+6 EXA + NULL + FLA
LD1 (multiple structures) No offset 1 register <T>= {8B|4H|2S|2D|1D} 1 8 EAG* 1
No offset 1 register <T> = {16B|8H|4S} 1 11 EAG* 1
No offset 2 registers <T> = {8B|4H|2S|2D|1D} 2 8/8 EAG* / EAG* 2
No offset 2 registers <T> = {16B|8H|4S} 2 11/11 EAG* / EAG* 2
No offset 3 registers <T> = {8B|4H|2S|2D|1D} 3 8/8/8 EAG* / EAG* / EAG* 3
No offset 3 registers <T> = {16B|8H|4S} 3 11/11/11 EAG* / EAG* / EAG* 3
No offset 4 registers <T> = {8B|4H|2S|2D|1D} 4 8/8/8/8 EAG* / EAG* / EAG* / EAG* 4
No offset 4 registers <T> = {16B|8H|4S} 4 11/11/11/11 EAG* / EAG* / EAG* / EAG* 4
Post-index 1 register <T> = {8B|4H|2S|2D|1D} 2 8/1 EAG* / EAG* 1
Post-index 1 register <T> = {16B|8H|4S} 2 11/1 EAG* / EAG* 1
Post-index 2 registers <T> = {8B|4H|2S|2D|1D} 3 8/8/1 EAG* / EAG* / EAG* 2
Post-index 2 registers <T> = {16B|8H|4S} 3 11/11/1 EAG* / EAG* / EAG* 2
Post-index 3 registers <T> = {8B|4H|2S|2D|1D} | 4 8/8/8/1 EAG* / EAG* / EAG* / EAG* 3
Post-index 3 registers <T> = {16B|8H|4S} 4 1171171171 EAG* / EAG* / EAG* / EAG* 3
Post-index 4 registers <T> = {8B|4H|2S|2D|1D} | 5 8/8/8/8/1 EAG* / EAG* / EAG* / EAG* / EAG* 4
Post-index 4 registers <T> = {16B|8H|4S} 5 11/11/11/11/1 EAG* / EAG* / EAG* / EAG* / EAG* 4
LD1 (single structure) No offset 2 8/6 EAG* / FLA 1
Post-index 3 8/6/1 EAG* / FLA / EAG* 1
LD1R No offset 1 8 EAG* 1
Post-index 2 8/1 EAG* / EAG* 1
LD2 (multiple structures) No offset 2 11/11 EAG* / EAG* 2
Post-index 3 11/11/1 EAG* / EAG* / EAG* 2
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Instruction Alias Control option :‘6’; des:;lxie :;;c l;;lsltc Blocking Latency Pipeline # of FP | # of SP | FLOPS

LD2 (single structure) No offset 4 v (8/6)x2 (EAG* /FLA) x 2 2
Post-index 5 N 8/6)x2/1 (EAG* / FLA) x 2 / EAG* 2

LD2R No offset 2 8/8 EAG*/EAG* 2
Post-index 3 8/8/1 EAG* / EAG* / EAG* 2

LD3 (multiple structures) No offset 3 11/11/11 EAG* / EAG* / EAG* 3
Post-index 4 11/11/11/1 EAG* / EAG* / EAG* / EAG* 3

LD3 (single structure) No offset 6 B8/6)x3 (EAG* /FLA)x 3 3
Post-index 7 (8/6)x3/1 (EAG* / FLA) x 3 / EAG* 3

LD3R No offset 3 8/8/8 EAG* / EAG* / EAG* 3
Post-index 4 8/8/8/1 EAG* / EAG* / EAG* / EAG* 3

LD4 (multiple structures) No offset 4 11/11/11/11 EAG* / EAG* / EAG* / EAG* 4
Post-index 5 11/11/11/11/1 EAG* / EAG* / EAG* / EAG* / EAG* 4

LD4 (single structure) No offset 8 (8/6)x4 (EAG* /FLA) x4 4
Post-index 9 (8/6)x4/1 (EAG* / FLA) x 4 / EAG* 4

LD4R No offset 4 8/8/8/8 EAG* / EAG* / EAG* / EAG* 4
Post-index 5 8/8/8/8/1 EAG* / EAG* / EAG* / EAG* / EAG* 4

LDNP (SIMD&FP) 2 8/8 EAG* / EAG* 2

LDP (SIMD&FP) Post-index 3 8/8/1 EAG* / EAG* / EX*| EAG* 2
Pre-index 3 8/8/1 EAG* / EAG* / EX*| EAG* 2
Signed offset 2 8/8 EAG* / EAG* 2

LDR (immediate, SIMD&FP) Post-index 2 8/1 EAG* / EX*| EAG* 1
Pre-index 2 8/1 EAG* / EX*| EAG* 1
Unsigned offset 1 8 EAG*

LDR (literal, SIMD&FP) 1 8 EAGB 1

LDR (register, SIMD&FP) 1 8 EAG* 1

LDUR (SIMD&FP) 1 8 EAG* 1

MLA (by element) 2 v 6 /119 FLA / FL*

MLA (vector) 1 9 FL*

MLS (by element) 2 v 6 /119 FLA / FL*

MLS (vector) 1 9 FL*

MOVI 1 4 FLA

MUL (by element) 2 v 6 /119 FLA / FL*

MUL (vector) 1 9 FL*

MVNI 1 4 FLA

NEG (vector) 1 4 FL*

NOT MVN 1 4 FL*

ORN (vector) 1 4 FL*

ORR (vector, immediate) 1 4 FLA

ORR (vector, register) MOV (vector) 1 4 FL*
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1 4 FL*

PMUL 1 E 8 FLA

PMULL, PMULL2 1 E 8 FLA

RADDHN, RADDHN2 3 N 4 /114 /6 FL* / FL* / FLB

RBIT (vector) 1 4 FL*

REV16 (vector) 1 4 FL*

REV32 (vector) 1 4 FL*

REV64 1 4 FL*

RSHRN, RSHRN2 3 N 4 /114 /16 FL* / FL* / FLB

RSUBHN, RSUBHN2 3 N4 4 /114 /16 FL* /FLA / FLB

SABA 2 N 4 /14 FL* / FL*

SABAL, SABAL2 4 N 6/6 /1124 /4 FLB / FLB / FL* / FL*

SABD 1 4 FL*

SABDL, SABDL2 3 6/6 /0124 FLB / FLB / FL*

SADALP 3 v 6 /114 /14 FLB / FL* / FL*

SADDL, SADDL2 3 6/6 /0124 FLB / FLB / FL*

SADDLP 2 6 /14 FLB / FL*

SADDLV 6 v 4 /114 /6 /124 /14 /114 FL* / FL* / FLA / FL* / FL* / FL*

SADDW, SADDW?2 2 v 6 /114 FLB / FL*

SCVTF (scalar, fixed-point) 1 1+3+9 EXA + NULL + FLA

SCVTF (scalar, integer) 1 1+349 EXA + NULL + FLA

SCVTF (vector, fixed-point) 1 9 FL*

SCVTF (vector, integer) 1 9 FL*

SHA1C 1 E 1+11 FLA + FLA

SHA1H 1 E 8 FLA

SHAIM 1 E 1+11 FLA + FLA

SHA1P 1 E 1+11 FLA + FLA

SHA1SUO 1 E 1+8 FLA + FLA

SHA1SU1 1 E 8 FLA

SHA256H2 1 E 1+11 FLA + FLA

SHA256H 1 E 1+11 FLA + FLA

SHA256SU0 1 E 8 FLA

SHA256SU1 1 E 1+8 FLA + FLA

SHADD 1 4 FL*

SHL 1 4 FL*

SHLL, SHLL2 2 6 /14 FLB / FL*

SHRN, SHRN2 2 N 4 /16 FL* / FLB

SHSUB 1 4 FL*
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Instruction Alias Control option :‘6’; des:;lxie :;;c l;;lsltc Blocking Pipeline # of FP | # of SP | FLOPS
SLI 3 v 4/4 /124 FL* / FLA / FL*
SMAX 1 4 FL*
SMAXP 3 N 6/6/ 024 FLA / FLA / FL*
SMAXV 6 N 4 /W6 /124 /114 [ 14 [ 114 FL* / FLA / FL* / FL* / FL* / FL*
SMIN 1 4 FL*
SMINP 3 N 6/6 /024 FLA / FLA / FL*
SMINV 6 | v 4 /16 /1214 /04 /14 [ 114 FL* / FLA / FL* / FL* / FL* / FL*
SMLAL, SMLAL2 (by element) <Ta>=4S 4 v //E/ |6/6/1L48 /114 FLB / FLA / FLA / FL*
<Ta>=2D 3| v 6/6 /11219 FLB / FLA / FL*
SMLAL, SMLAL?2 (vector) <Ta> = {8H|4S} 4 v //E/ |6/6/148 /114 FLB / FLB / FLA / FL*
<Ta>=2D 3 N 6/6 /0129 FLB/ FLB / FL*
SMLSL, SMLSL2 (by element) <Ta> = 48 4| v //E/ |6/6/128 /m4 FLB / FLA / FLA / FL*
<Ta>=2D 3| v 6/6/ 129 FLB / FLA / FL*
SMLSL, SMLSL2 (vector) <Ta> = {8H|4S} 4| v //E/ |6/6/128 /m4 FLB / FLB / FLA / FL*
<Ta>=2D 3| v 6/6 /029 FLB / FLB / FL*
SMOV 1 6+1+18 FLA + NULL + EAG* 1 1
SMULL, SMULL2 (by element) <Ta> =4S 3 v //E |6/6/128 FLB / FLA / FLA
<Ta>=2D 3 N 6/6 /11219 FLB / FLA / FL*
SMULL, SMULL2 (vector) <Ta> = {8H|4S} 3 v //E |6/6/1028 FLB / FLB / FLA
<Ta>=2D 3 N 6/6 /11219 FLB / FLB / FL*
SQABS 1 4 FL*
SQADD 1 4 FL*
SQDMLAL, SQDMLALZ2 (by element) Scalar <Va>=S§ 4 v //E/ |6/6/148 /114 FLB / FLA / FLA / FL*
Scalar <Va>=D 3 v 6 /19 /14 FLA / FL* / FL*
Vector <Ta> = 4S 4 v //E/ |6/6/1218 /14 FLB / FLA / FLA / FL*
Vector <Ta> = 2D 4| v 6/6 /029 /114 FLB / FLA / FL* / FL*
SQDMLAL, SQDMLAL?2 (vector) Scalar <Va> = $§ 4| v //E/ |6/6/128 /m4 FLB / FLB / FLA / FLA
Scalar <Va>=D 2 v 9 /114 FL* / FL*
Vector <Ta> = 4S 4| v //E/ |6/6/128 /m4 FLB / FLB / FLA / FLA
Vector <Ta> = 2D 4| v 6/6 /129 /114 FLB / FLB / FL* / FL*
SQDMLSL, SQDMLSL2 (by element) Scalar <Va> = $§ 4| v //E/ |6/6/128 /m4 FLB / FLA / FLA / FL*
Scalar <Va> =D 3| v 6 /W9 /14 FLA / FL* / FL*
Vector <Ta> = 4S 4| v //E/ |6/6/nag /m4 FLB/FLA / FLA / FL*
Vector <Ta> = 2D 4| v 6/6 /1219 /1114 FLB / FLA / FL* / FL*
SQDMLSL, SQDMLSL2 (vector) Scalar <Va>=$ 4| v //E/ |6/6/128 /14 FLB /FLB / FLA / FLA
Scalar <Va>=D 2 v 9 /14 FL* / FL*
Vector <Ta> = 4S 4| v //E/ |6/6/nag /m4 FLB/FLB /FLA / FLA
Vector <Ta> = 2D 4| v 6/6 /1219 /1114 FLB / FLB / FL* / FL*

A64FX Microarchitecture Manual 1.0 121




Instruction Alias Control option ::(;’; des:;lxie :;]:c l;;lsltc Blocking Latency Pipeline # of FP | # of SP | FLOPS

SQDMULH (by element) Scalar <V>= H, Vector <T> = {4H|8H} 2 v /E 6 /118 FLA / FLA
Scalar <V>= S, Vector <T> = {25|4S} 2 v 6 /1119 FLA / FL*

SQDMULH (vector) Scalar <V>=H, Vector <T> = {4H|8H} 1 E 8 FLA
Scalar <V>= S, Vector <T> = {25|4S} 1 9 FL*

SQDMULL, SQDMULL2 (by element) Scalar <Va>=S§ 3 v //E |6/6/0128 FLB / FLA / FLA
Scalar <Va>=D 2 v 6 /119 FLA / FL*
Vector <Ta> = 4S 3 v //E |6/6/028 FLB / FLA / FLA
Vector <Ta> = 2D 3 v 6/6 /01219 FLB / FLA / FL*

SQDMULL, SQDMULL?2 (vector) Scalar <Va>=S$ 3 N //E |6/6/028 FLB / FLB / FLA
Scalar <Va>=D 1 9 FL*
Vector <Ta> = 4S 3 v //E |6/6/028 FLB / FLB / FLA
Vector <Ta> = 2D 3 6 /6 /11219 FLB / FLB / FL*

SQNEG 1 4 FL*

SQRDMLAH (by element) Scalar <V>= H, Vector <T> = {4H|8H} 2 v JE |6/1+18 FLA / FLA + FLA
Scalar <V>= S, Vector <T> = {25|4S} 2 6 /1119 FLA / FL*

SQRDMLAH (vector) Scalar <V>=H, Vector <T> = {4H|8H} 1 E 1+8 FLA + FLA
Scalar <V>= S, Vector <T> = {25|4S} 1 9 FL*

SQRDMLSH (by element) Scalar <V>= H, Vector <T> = {4H|8H} 2 v /E 6 /1+118 FLA / FLA + FLA
Scalar <V>= S, Vector <T> = {25|4S} 2 v 6 /119 FLA / FL*

SQRDMLSH (vector) Scalar <V>= H, Vector <T> = {4H|8H} 1 E 1+8 FLA + FLA
Scalar <V>= S, Vector <T> = {25|4S} 1 9 FL*

SQRDMULH (by element) Scalar <V>= H, Vector <T> = {4H|8H} 2 v /E 6 /118 FLA / FLA
Scalar <V>= S, Vector <T> = {25|4S} 2 6 /119 FLA / FL*

SQRDMULH (vector) Scalar <V>=H, Vector <T> = {4H|8H} 1 E 8 FLA
Scalar <V>= S, Vector <T> = {25|4S} 1 9 FL*

SQRSHL 2 N4 6 /114 FLB / FL*

SQRSHRN, SQRSHRN2 3 v 4 /114 /106 FL* / FL* / FLB

SQRSHRUN, SQRSHRUN2 3 4 /14 /16 FL* / FL* / FLB

SQSHL (immediate) 1 6 FLB

SQSHL (register) 1 6 FLB

SQSHLU 1 6 FLB

SQSHRN, SQSHRN2 2 v 4 /16 FL* / FLB

SQSHRUN, SQSHRUN2 2 v 4 /16 FL* / FLB

SQSUB 1 4 FL*

SQXTN, SQXTN2 1 6 FLB

SQXTUN, SQXTUN2 1 6 FLB

SRHADD 1 4 FL*

SRI 3 v 4 /4 /124 FL* / FLA / FL*
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Instruction Alias Control option ::(;’; des:;lxie :;]:c l;;lsltc Blocking Latency Pipeline # of FP | # of SP | FLOPS

SRSHL 2 v 6 /14 FLB / FL*

SRSHR 2 v 4 /114 FL* / FL*

SRSRA 3 v 4 /114 /114 FL* / FL* / FL*

SSHL 1 6 FLB

SSHLL, SSHLL2 SXTL, SXTL2 2 6 /114 FLB / FL*

2 6 /M4 FLB / FL*

SSHR 1 4 FL*

SSRA 2 v 4 /114 FL* / FL*

SSUBL, SSUBL2 3 6/6 /024 FLB / FLB / FL*

SSUBW, SSUBW2 2 v 6 /14 FLB / FL*

ST1 (multiple structures) No offset 1 register 1 NA, NA EAG* FLA 1 1
No offset 2 registers 2 (NA,NA) x 2 (EAG*, FLA) x 2 2 2
No offset 3 registers 3 (NA,NA) x 3 (EAG*, FLA) x 3 3 3
No offset 4 registers 4 (NA,NA) x4 (EAG*, FLA) x4 4 4
Post-index 1 register 2 NA,NA/1 EAG* FLA / EAG* 1 1
Post-index 2 registers 3 (NA,NA)x2/1 (EAG* FLA) x 2 / EAG* 2 2
Post-index 3 registers 4 (NA,NA)x3/1 (EAG* FLA) x 3 / EAG* 3 3
Post-index 4 registers 5 (NA,NA)x4/1 (EAG*, FLA) x4 / EAG* 4 4

ST1 (single structure) No offset 1 NA, NA EAG* FLA 1 1
Post-index 2 NA,NA/1 EAG* FLA / EAG* 1 1

ST2 (multiple structures) No offset 2 (NA, NA) x 2 (EAG*, FLA) x 2 2 2
Post-index 3 (NA,NA)x2/1 (EAG* FLA) x 2 / EAG* 2 2

ST2 (single structure) No offset 2 (NA,NA) x 2 (EAG* FLA) x 2 2 2
Post-index 3 (NA,NA)x2 /1 (EAG* FLA) x 2 / EAG* 2 2

ST3 (multiple structures) No offset 3 (NA,NA) x 3 (EAG*, FLA) x 3 3 3
Post-index 4 (NA,NA)x3/1 (EAG*, FLA) x 3 / EAG* 3 3

ST3 (single structure) No offset 3 (NA,NA) x 3 (EAG*, FLA) x 3 3 3
Post-index 4 (NA,NA)x3/1 (EAG* FLA) x 3 / EAG* 3 3

ST4 (multiple structures) No offset 4 (NA,NA) x4 (EAG* FLA) x4 4 4
Post-index 5 (NA,NA)x4 /1 (EAG* FLA) x 4 / EAG* 4 4

ST4 (single structure) No offset 4 (NA,NA) x4 (EAG*, FLA) x4 4 4
Post-index 5 (NA,NA)x4 /1 (EAG*, FLA) x 4 / EAG* 4 4

STNP (SIMD&FP) 2 (NA, NA) x 2 (EAG*, FLA) x 2 2 2

STP (SIMD&FP) Post-index 3 (NA,NA)x2/1 (EAG* FLA) x 2 / EX*| EAG* 2 2
Pre-index 3 (NA,NA)x2/1 (EAG* FLA) x 2 / EX*| EAG* 2 2
Signed offset 2 (NA,NA) x 2 (EAG*, FLA) x 2 2 2

STR (immediate, SIMD&FP) Post-index 2 NA,NA/1 EAG* FLA / EX*| EAG* 1 1
Pre-index 2 NA,NA/1 EAG* FLA / EX*| EAG* 1 1
Unsigned offset 1 NA, NA EAG* FLA 1 1
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STR (register, SIMD&FP) 1 NA, NA EAG* FLA 1 1
STUR (SIMD&FP) 1 NA, NA EAG* FLA 1 1
SUB (vector) 1 4 FL*
SUBHN, SUBHN2 2 N 4 /16 FL* / FLB
SUQADD 1 4 FL*
TBL Single register table 1 6 FLB
Tow register table 3 v 6/6/11214 FLB / FLB / FL*
Three register table 5 v 6/(6/1124)x2 FLB / (FLB / FL*)x 2
Four register table 7 v 6/(6/1124)x3 FLB / (FLB /FL*)x 3
TBX Single register table 3 v 6/6 /124 FLB / FLB / FL*
Tow register table 5 v 6/(6/0124)x2 FLB / (FLB / FL*) x 2
Three register table 7 v 6/(6/0124)x3 FLB / (FLB / FL*)x 3
Four register table 9 v 6/(6/0124)x4 FLB / (FLB / FL*) x 4
TRN1 1 6 FLA
TRN2 1 6 FLA
UABA 2 4 /114 FL* / FL*
UABAL, UABAL2 4 6/6/024 /14 FLB / FLB / FL* / FL*
UABD 1 4 FL*
UABDL, UABDL2 3 v 6/6/024 FLB/ FLB / FL*
UADALP <Ta> = {4H|8H|25|4S} 1 6 FLB
<Ta> = {1D|2D} 3 J 6 /14 /14 FLB / FL* / FL*
UADDL, UADDL?2 3 6/6 /024 FLB / FLB / FL*
UADDLP 2 6 /14 FLB / FL*
UADDLV 6 4 /114 /6 /124 /14 /114 FL* / FL* / FLA / FL* / FL* / FL*
UADDW, UADDW?2 2 6 /14 FLB / FL*
UCVTF (scalar, fixed-point) 1 1+349 EXA + NULL + FLA
UCVTF (scalar, integer) 1 1+3+9 EXA + NULL + FLA
UCVTF (vector, fixed-point) 1 9 FL*
UCVTF (vector, integer) 1 9 FL*
UHADD 1 4 FL*
UHSUB 1 4 FL*
UMAX 1 4 FL*
UMAXP 3 6/6 /024 FLA / FLA / FL*
UMAXV 6 4 /16 /114 /11214 /(14 /(14 FL* / FLA / FL* / FL* / FL* / FL*
UMIN 1 4 FL*
UMINP 3 v 6/6 /11214 FLA / FLA / FL*
UMINV 6 v 4 /16 /14 /124 [ 14 [ 114 FL* / FLA / FL* / FL* / FL* / FL*
UMLAL, UMLAL2 (by element) <Ta> =4S 4 N //E/ |6/6 /128 /14 FLB/ FLA / FLA / FL*
<Ta>=2D 3 J 6/6 /029 FLB/ FLA / FL*
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UMLAL, UMLAL2 (vector) <Ta> = {8H|4S} 4 //E/ |6/6 /128 /14 FLB / FLB / FLA / FL*
<Ta>=2D 3 N 6/6 /1129 FLB / FLB / FL*

UMLSL, UMLSL2 (by element) <Ta> =4S 4 v //E/ |6/6/028 /14 FLB / FLA / FLA / FL*
<Ta>=2D 3 N 6/6 /11219 FLB / FLA / FL*

UMLSL, UMLSL2 (vector) <Ta> = {8H|4S} 4 v //E/ |6/6 /028 /14 FLB / FLB / FLA / FL*
<Ta>=2D 3 v 6/6 /0129 FLB / FLB / FL*

UMOV MOV (to general) 1 6+1+18 FLA + NULL + EAG* 1 1

1 6+1+18 FLA + NULL + EAG* 1 1

UMULL, UMULL2 (by element) <Ta> =4S 3 v //E |6/6/028 FLB / FLA / FLA
<Ta>=2D 3 N 6/6 /11219 FLB / FLA / FL*

UMULL, UMULL2 (vector) <Ta> = {8H|4S} 3 v //E |6/6/028 FLB / FLB / FLA
<Ta>=2D 3 v 6/6 /129 FLB / FLB / FL*

UQADD 1 4 FL*

UQRSHL 2 6 /14 FLB / FL*

UQRSHRN, UQRSHRN2 3 4 /114 /16 FL* / FL* / FLB

UQSHL (immediate) 1 6 FLB

UQSHL (register) 1 6 FLB

UQSHRN, UQSHRN2 2 v 4 /116 FL* / FLB

UQSUB 1 4 FL*

UQXTN, UQXTN2 1 6 FLB

URECPE 1 4 FL*

URHADD 1 4 FL*

URSHL 2 6 /14 FLB / FL*

URSHR 2 4 /14 FL* / FL*

URSQRTE 1 4 FL*

URSRA 3 v 4 /114 /114 FL* / FL* / FL*

USHL 1 6 FLB

USHLL, USHLL2 UXTL, UXTL2 2 6 /114 FLB / FL*

2 6 /14 FLB / FL*

USHR 1 4 FL*

USQADD 1 4 FL*

USRA 2 N 4 /14 FL* / FL*

USUBL, USUBL2 3 6/6 /0124 FLB / FLB / FL*

USUBW, USUBW2 2 N4 6 /114 FLB / FL*

UZP1 1 6 FLA

UZp2 1 6 FLA

XTN, XTN2 1 6 FLB

ZIP1 1 6 FLA

ZIP2 1 6 FLA
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16.3.

SVE instructions

Table 16-3 Instruction Attributes/Latency (SVE)
Instruction Alias Control option VL #of | Seq. Pre- | Post- | p o | EXtra Blocking Latency Pipeline # of FP | # of SP | FLOPS
pnOP | decode | sync | sync popP
ABS 1 4 FL*
ADD (immediate) 1 4 FL*
ADD (vectors, predicated) 1 v 4 FL*
ADD (vectors, unpredicated) 1 4 FL*
ADDPL 1 1 EX*
ADDVL 1 1 EX*
ADR Packed offsets 1 1+4 FLA + FLA
1 4 FLA
AND (immediate) BIC (immediate) 1 v 4 FLA
AND (predicates) MOV (predicate, 1 3 PRX
predicated, zeroing)
1 3 PRX
AND (vectors, predicated) 1 N4 N4 4 FL*
AND (vectors, unpredicated) 1 4 FL*
ANDS MOVS (predicated) 1 3 PRX
1 3 PRX
ANDV <V>=B 10 v 4 /(e /11214) x 3 /(14 /114 /1114 FL* / (FLA / FL*) x 3 / FL* / FL* / FL*
<V>=H 9 v 4 /(e /11214) x 3 /14 /1114 FL* / (FLA / FL*) x 3 / FL* / FL*
<V>=S§ 8 v 4 /(e /11214) x 3 / (114 FL* / (FLA / FL¥*) x 3 / FL*
<V>=D 128 | 3 v 4 /116 /11214 FL* / FLA / FL*
256 | 5 v 4 /(e /11224)x 2 FL* / (FLA /FL¥) x 2
512 | 7 v 4/ (W6 ) 124) x 3 FL* / (FLA / FL¥) x 3
ASR (immediate, predicated) 1 v v 4 FL*
ASR (immediate, unpredicated) 1 4 FL*
ASR (vectors) 1 4 FL*
ASR (wide elements, predicated) 1 4 FL*
ASR (wide elements, unpredicated) 1 4 FL*
ASRD 2 v v 4 /114 FLA / FL*
ASRR 1 v v 4 FL*
BIC (predicates) 1 3 PRX
BIC (vectors, predicated) 1 N4 N4 4 FL*
BIC (vectors, unpredicated) 1 4 FL*
BICS 1 3 PRX
BRKA 1 3 PRX
BRKAS 1 3 PRX
BRKB 1 3 PRX
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BRKBS 1 3 PRX
BRKN 1 3 PRX
BRKNS 1 3 PRX
BRKPA 1 3 PRX
BRKPAS 1 3 PRX
BRKPB 1 3 PRX
BRKPBS 1 3 PRX
CLASTA (scalar) 1 1+3+6+1+18 EXA + NULL + EAG* + NULL + FLA 1 1
CLASTA (SIMD&FP scalar) 1 6 FLA
CLASTA (vectors) 1 v 6 FLA
CLASTB (scalar) 1 1+3+6+1+18 EXA + NULL + EAG* + NULL + FLA 1 1
CLASTB (SIMD&FP scalar) 1 6 FLA
CLASTB (vectors) 1 v 6 FLA

CLS 1 v 4 FLA

CLZ 1 N4 4 FLA
CMPEQ (immediate) 1 4 PRX, FLA
CMPEQ (vectors) 1 4 PRX, FLA
CMPEQ (wide elements) 1 4 PRX, FLA
CMPGE (immediate) 1 4 PRX, FLA
CMPGE (vectors) CMPLT (vectors) 1 4 PRX, FLA
CMPGE (wide elements) 1 4 PRX, FLA
CMPGT (immediate) 1 4 PRX, FLA
CMPGT (vectors) CMPLE (vectors) 1 4 PRX, FLA
CMPGT (wide elements) 1 4 PRX, FLA
CMPHI (immediate) 1 4 PRX, FLA
CMPHI (vectors) CMPLS (vectors) 1 4 PRX, FLA
CMPHI (wide elements) 1 4 PRX, FLA
CMPHS (immediate) 1 4 PRX, FLA
CMPHS (vectors) CMPLO (vectors) 1 4 PRX, FLA
CMPHS (wide elements) 1 4 PRX, FLA
CMPLE (immediate) 1 4 PRX, FLA
CMPLE (wide elements) 1 4 PRX, FLA
CMPLO (immediate) 1 4 PRX, FLA
CMPLO (wide elements) 1 4 PRX, FLA
CMPLS (immediate) 1 4 PRX, FLA
CMPLS (wide elements) 1 4 PRX, FLA
CMPLT (immediate) 1 4 PRX, FLA
CMPLT (wide elements) 1 4 PRX, FLA
CMPNE (immediate) 1 4 PRX, FLA
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CMPNE (vectors) 1 4 PRX, FLA
CMPNE (wide elements) 1 4 PRX, FLA
CNOT 1 4 FL*
CNT 1 4 FLB
CNTB 1 1 EX*
CNTD 1 1 EX*
CNTH 1 1 EX*
CNTP 1 3+2+1 PRX + NULL + EXA
CNTW 1 1 EX*
COMPACT 1 6 FLA
CPY (immediate) FMOV (zero, predicated) 1 4 FLA
MOV (immediate, 1 4 FLA
predicated)
CPY (scalar) MOV (scalar, predicated) 1 1+3+4 EXA + NULL + FLA
CPY (SIMD&FP scalar) MOV (SIMD&FP scalar, 1 6 FLA
predicated)
CTERMEQ 1 E 1+1 EX* + EX*
CTERMNE 1 E 1+1 EX* + EX*
DECB 1 1 EX*
DECD (scalar) 1 1 EX*
DECD (vector) 1 v 4 FL*
DECH (scalar) 1 1 EX*
DECH (vector) 1 v 4 FL*
DECP (scalar) 2 3+2+1 /001 PRX+NULL+EXA / EXB
DECP (vector) 1 v 3+5+4 PRX + NULL + FLA
DECW (scalar) 1 1 EX*
DECW (vector) 1 v 4 FL*
DUP (immediate) FMOV (zero, unpredicated) 1 4 FLA
MOV (immediate, 1 4 FLA
unpredicated)
DUP (indexed) MOV (SIMD&FP scalar, 1 6 FLA
unpredicated)
1 6 FLA
DUP (scalar) MOV (scalar, unpredicated) 1 1+3+4 EXA + NULL + FLA
DUPM MOV (bitmask immediate) 1 4 FLA
1 4 FLA
EOR (immediate) EON 1 v 4 FLA
EOR (predicates) NOT (predicate) 1 3 PRX
1 3 PRX
EOR (vectors, predicated) 1 N4 N4 4 FL*
EOR (vectors, unpredicated) 1 4 FL*
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EORS NOTS 1 3 PRX
1 3 PRX
EORV <V>=B 10| v 4/ (W6 /124) x 3 /14 /4 / 14 FL* / (FLA / FL¥) x 3 / FL* / FL* / FL*
<V>=H 9 v 4/ (U6 /11214) x 3 / 114 / 114 FL* / (FLA / FL¥*) x 3 / FL* / FL*
<V>=§ 8 v 4/ (6 /124)x 3 /14 FL* / (FLA / FL¥) x 3 / FL*
<V>=D 128 | 3 4 4 /106 /(1214 FL* / FLA / FL*
256 | 5 4 4 /(e /11204)x 2 FL* / (FLA/FL¥) x 2
512 | 7 4 4 /(e /11224)x 3 FL* / (FLA/FL¥) x 3
EXT 1 6 FLA
FABD 1 9 FL* 1
FABS 1 4 FL*
FACGE FACLT 1 4 FLA
FACGT FACLE 1 4 FLA
FADD (immediate) 1 9 FLA 1
FADD (vectors, predicated) 1 9 FL* 1
FADD (vectors, unpredicated) 1 9 FL* 1
FADDA <V>=H 128 | 15 v 9/6/ (129 /16)x6 /1219 FL* /FLA / (FL* / FLA) x 6 / FL* 1
256 | 31 v 9/6/ (1129 /1116) x 14 / 11219 FL* / FLA / (FL* / FLA) x 14 / FL*
512 | 63 v 9/6/(1t29 /116)x 30 /11219 FL* / FLA / (FL* / FLA) x 30 / FL*
<V>=§ 128 | 7 4 9/6/(1t29 /16)x 2 /11219 FL* / FLA / (FL* /FLA)x 2 / FL*
256 | 15 v 9/6/(1t29 /16)x 6 /11219 FL* / FLA / (FL* / FLA)x 6 / FL*
512 | 31| 9/6 /(149 /16) x 14 / (1219 FL* / FLA / (FL* / FLA) x 14 / FL*
<V>=D 128 | 3 v 9/6 /1629 FL* / FLA / FL*
256 | 7 v 9/6 /(149 /M6 x2 /11219 FL* / FLA / (FL* / FLA) x 2 / FL*
512 | 15 | 9/6 /(149 /6)x 6 /1129 FL* / FLA / (FL* / FLA) x 6 / FL*
FADDV <V>=H 128 | 7 v 4/6 /(049 /6 x2 /11219 FL* / FLA / (FL* / FLA) x 2 / FL* 1
256 | 9 v 4/6 /(049 /6 x3 /11219 FL* / FLA / (FL* / FLA) x 3 / FL*
512 | 11 | 4/6 /(049 /6)x 4 /11219 FL* / FLA / (FL* / FLA) x 4 / FL*
<V>=§ 128 | 5 v 4/6 /029 /M6 /1129 FL* / FLA / FL* / FLA / FL*
256 | 7 4 4/6/ (129 /I6)x 2 /129 FL* /FLA / (FL* / FLA) x 2 / FL*
512 | 9 4 4/6/ (129 /6)x 3 /129 FL* /FLA / (FL* / FLA) x 3 / FL*
<V>=D 128 | 3 4 4/6 /029 FL* / FLA / FL*
256 | 5 4 4 /6 /0219 /16 /11219 FL* / FLA / FL* / FLA / FL*
512 | 7 4 4/6/ (129 /6)x 2 /1129 FL* /FLA / (FL* /FLA) x 2 / FL*
FCADD 2 6 /119 FLA / FLB 1
FCMEQ (vectors) 1 4 FLA
FCMEQ (zero) 1 4 FLA
FCMGE (vectors) FCMLT (vectors) 1 4 FLA
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FCMGE (zero) 1 4 FLA
FCMGT (vectors) FCMLE (vectors) 1 4 FLA
FCMGT (zero) 1 4 FLA
FCMLA (indexed) 3 6/6 /01219 FLA / FLA / FL* 2
FCMLA (vectors) 3 6/6 /0219 FLA / FLA / FL* 2
FCMLE (zero) 1 4 FLA
FCMLT (zero) 1 4 FLA
FCMNE (vectors) 1 4 FLA
FCMNE (zero) 1 4 FLA
FCMUO 1 4 FLA
FCPY FMOV (immediate, 1 N4 4 FLA
predicated)
FCVT 1 N 9 FL*
FCVTZS 1 v 9 FL*
FCVTZU 1 v 9 FL*
FDIV <T>=H 128 | 1 N4 v E 38 FLA 1
256 | 1 N4 v E 70 FLA
512 | 1 N4 v E 134 FLA
<T>=S 128 | 1 v 4 E 29 FLA
256 | 1 v v E 52 FLA
512 | 1 v v E 98 FLA
<T>=D 128 | 1 v v E 43 FLA
256 | 1 N4 v E 80 FLA
512 | 1 N4 v E 154 FLA
FDIVR <T>=H 128 | 1 N v E 38 FLA 1
256 | 1 v v E 70 FLA
512 | 1 v v E 134 FLA
<T>=S 128 | 1 v v E 29 FLA
256 | 1 N4 v E 52 FLA
512 | 1 N4 v E 98 FLA
<T>=D 128 | 1 v 4 E 43 FLA
256 | 1 v v E 80 FLA
512 | 1 v v E 154 FLA
FDUP FMOV (immediate, 1 4 FLA
unpredicated)
FEXPA 1 4 FL*
FMAD 1 N v 9 FL* 2
FMAX (immediate) 1 N4 v 4 FLA
FMAX (vectors) 1 N4 v 4 FL*
FMAXNM (immediate) 1 v v 4 FLA
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FMAXNM (vectors) 1 v v 4 FL*
FMAXNMV <V>=H 128 | 7 v 4 /(W6 /11214)x 3 FL* / (FLA / FL¥) x 3
256 | 9 N 4/ (6 / 11214) x 4 FL* / (FLA / FL*) x 4
512 | 11 4 4 /(e /1124)x 5 FL* / (FLA / FL¥*) x5
<V>=§ 128 | 5 N 4/ (6 /1124)x 2 FL* / (FLA / FL¥) x 2
256 | 7 N 4/ (6 /1124) x 3 FL* / (FLA / FL*) x 3
512 | 9 N 4/ (16 / 11214) x 4 FL* / (FLA / FL*) x 4
<V>=D 128 | 3 N 4 /16 /1214 FL* / FLA / FL*
256 | 5 4 4 /(e /11204)x 2 FL* / (FLA/FL¥) x 2
512 | 7 4 4 /(e /11224)x 3 FL* / (FLA/FL¥) x 3
FMAXV <V>=H 128 | 7 4 4 /(e /11224)x 3 FL* / (FLA/FL¥) x 3
256 | 9 4 4 /(e /1124) x 4 FL* / (FLA /FL¥) x4
512 | 11 4 4 /(e /1124)x 5 FL* / (FLA /FL¥) x5
<V>=S§ 128 | 5 4 4 /(e /11204)x 2 FL* / (FLA/FL¥) x 2
256 | 7 v 4 /(e /11224)x 3 FL* / (FLA/FL¥)x 3
512 | 9 v 4 /(e /1124) x 4 FL* / (FLA /FL*) x4
<V>=D 128 | 3 v 4 /16 /1214 FL* / FLA / FL*
256 | 5 v 4 /(e /11204) x 2 FL* / (FLA /FL¥) x 2
512 | 7 v 4 /(e /1124)x 3 FL* / (FLA/FL¥)x 3
FMIN (immediate) 1 N4 v 4 FLA
FMIN (vectors) 1 v v 4 FL*
FMINNM (immediate) 1 N4 v 4 FLA
FMINNM (vectors) 1 N4 N4 4 FL*
FMINNMV <V>=H 128 | 7 v 4/ (6 /1124)x 3 FL* / (FLA / FL¥) x 3
256 | 9 4 4 /(e /11224) x 4 FL* / (FLA /FL¥) x4
512 | 11 4 4 /(e /1124)x 5 FL* / (FLA /FL¥) x5
<V>=S§ 128 | 5 v 4 /(e /11204) x 2 FL* / (FLA /FL¥) x 2
256 | 7 v 4 /(e /11224)x 3 FL* / (FLA/FL¥)x 3
512 | 9 v 4 /(e /1124) x 4 FL* / (FLA /FL*) x4
<V>=D 128 | 3 v 4 /16 /1214 FL* / FLA / FL*
256 | 5 v 4 /(e /11204) x 2 FL* / (FLA /FL¥) x 2
512 | 7 v 4 /(e /1124)x 3 FL* / (FLA /FL¥)x 3
FMINV <V>=H 128 | 7 v 4 /(W6 /11214)x 3 FL* / (FLA / FL¥) x 3
256 | 9 v 4 /(6 /11214) x 4 FL* / (FLA / FL*) x 4
512 | 11 4 4 /(e /1124)x 5 FL* / (FLA / FL¥) x 5
<V>=S§ 128 | 5 v 4 /(e /1124)x 2 FL* / (FLA /FL¥) x 2
256 | 7 4 4 /(e /1124)x 3 FL* / (FLA /FL¥) x 3
512 | 9 v 4 /(6 /11214) x 4 FL* / (FLA / FL¥) x 4
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<V>=D 128 | 3 v 4 /W6 /11214 FL* / FLA / FL*
256 | 5 v 4 /(e /11224)x 2 FL* / (FLA /FL¥)x 2
512 | 7 v 4 /(W6 /11214)x 3 FL* / (FLA / FL¥) x 3
FMLA 1 N4 v 9 FL* 2
FMLA (indexed) 2 6 /19 FLA / FLB 2
FMLS 1 N4 v 9 FL* 2
FMLS (indexed) 2 6 /119 FLA / FLB 2
FMSB 1 v 9 FL* 2
FMUL (immediate) 1 9 FLA 1
FMUL (indexed) 2 6 /M9 FLA / FLB 1
FMUL (vectors, predicated) 1 v 9 FL* 1
FMUL (vectors, unpredicated) 1 9 FL* 1
FMULX 1 N4 9 FL* 1
FNEG 1 N4 4 FL*
FNMAD 1 N v 9 FL* 2
FNMLA 1 v v 9 FL* 2
FNMLS 1 v v 9 FL* 2
FNMSB 1 v v 9 FL* 2
FRECPE 1 4 FL*
FRECPS 1 9 FLA 1
FRECPX 1 N 4 FL*
FRINTA 1 v 9 FL*
FRINTI 1 v 9 FL*
FRINTM 1 N4 9 FL*
FRINTN 1 N4 9 FL*
FRINTP 1 N4 9 FL*
FRINTX 1 N 9 FL*
FRINTZ 1 v 9 FL*
FRSQRTE 1 4 FL*
FRSQRTS 1 9 FLA 1
FSCALE 1 N4 9 FL* 1
FSQRT <T>=H 128 | 1 N4 E 38 FLA 1
256 | 1 N4 E 70 FLA
512 | 1 v E 134 FLA
<T>=§ 128 | 1 v E 29 FLA
256 | 1 v E 52 FLA
512 | 1 N4 E 98 FLA
<T>=D 128 | 1 N4 E 43 FLA
256 | 1 N4 E 80 FLA
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512 | 1 E 154 FLA
FSUB (immediate) 1 9 FLA 1
FSUB (vectors, predicated) 1 9 FL* 1
FSUB (vectors, unpredicated) 1 9 FL* 1
FSUBR (immediate) 1 9 FLA 1
FSUBR (vectors) 1 9 FL* 1
FTMAD 1 9 FL* 2
FTSMUL 1 9 FL* 1
FTSSEL 1 4 FL*
INCB 1 1 EX*
INCD (scalar) 1 1 EX*
INCD (vector) 1 v 4 FL*
INCH (scalar) 1 1 EX*
INCH (vector) 1 v 4 FL*
INCP (scalar) 2 3+2+1 /11 PRX+NULL+EXA / EXB
INCP (vector) 1 v 3+5+4 PRX + NULL + FLA
INCW (scalar) 1 1 EX*
INCW (vector) 1 v 4 FL*
INDEX (immediate, scalar) <T>={B|H} 2 1+3+4 / 1+3+19 EXA+NULL+FLA / EXA+NULL+FLA
<T> = {S|D} 1 1+3+9 EXA + NULL + FLA
INDEX (immediates) <T> = {B[H} 2 4 /9 FLA / FLA
<T> = {S|D} 1 9 FLA
INDEX (scalar, immediate) <T>={B|H} 2 1+3+4 / 1+3+119 EXA+NULL+FLA / EXA+NULL+FLA
<T> = {S|D} 1 1+3+9 EXA + NULL + FLA
INDEX (scalars) <T> = {B|H} 3 1+3+4 / 1+3+4 / 1219 EXA+NULL+FLA / EXA+NULL+FLA / FLB
<T> = {S|D} 2 1+3+4 /19 EXA+NULL+FLA / FLA
INSR (scalar) 1 1+3+6 EXA + NULL + FLA
INSR (SIMD&FP scalar) 1 6 FLA
LASTA (scalar) 1 6+1+18 FLA + NULL + EAG* 1 1
LASTA (SIMD&FP scalar) 1 6 FLA
LASTB (scalar) 1 6+1+18 FLA + NULL + EAG* 1 1
LASTB (SIMD&FP scalar) 1 6 FLA
LD1B (scalar plus immediate) 1 11 EAG* 1
LD1B (scalar plus scalar) 1 11 EAG* 1
LD1B (scalar plus vector) 32-bit unscaled offset 1 1+3+1+4+Pipe(11, 8) EXA + NULL + FLA + FLA + Pipe((EAGA & EAGB), 8) 8 1
1 1+3+4+Pipe(11, 4) EXA + NULL + FLA + Pipe((EAGA & EAGB), 4) 4 1
LD1B (vector plus immediate) 32-bit element 1 1+4+Pipe(11, 8) FLA + FLA + Pipe((EAGA & EAGB), 8) 8 1
1 4+Pipe(11, 4) FLA + Pipe((EAGA & EAGB), 4) 4 1
LD1D (scalar plus immediate) 1 11 EAG* 1
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LD1D (scalar plus scalar) 1 11 EAG* 1
LD1D (scalar plus vector) 1 1+3+4+Pipe(11, 4) EXA + NULL + FLA + Pipe((EAGA & EAGB), 4) 4 1
LD1D (vector plus immediate) 1 4+Pipe(11, 4) FLA + Pipe((EAGA & EAGB), 4) 4 1
LD1H (scalar plus immediate) 1 11 EAG* 1
LD1H (scalar plus scalar) 1 11 EAG* 1
LD1H (scalar plus vector) 32-bit scaled offset, 1 1+3+1+4+Pipe(11, 8) EXA + NULL + FLA + FLA + Pipe((EAGA & EAGB), 8) 8 1
32-bit unscaled offset
1 1+3+4+Pipe(11, 4) EXA + NULL + FLA + Pipe((EAGA & EAGB), 4) 4 1
LD1H (vector plus immediate) 32-bit element 1 1+4+Pipe(11, 8) FLA + FLA + Pipe((EAGA & EAGB), 8) 8 1
1 4+Pipe(11, 4) FLA + Pipe((EAGA & EAGB), 4) 4 1
LD1RB 1 11 EAG* 1
LD1RD 1 11 EAG* 1
LD1RH 1 11 EAG* 1
LD1RQB (scalar plus immediate) 1 11 EAG* 1
LD1RQB (scalar plus scalar) 1 11 EAG* 1
LD1RQD (scalar plus immediate) 1 11 EAG* 1
LD1RQD (scalar plus scalar) 1 11 EAG* 1
LD1RQH (scalar plus immediate) 1 11 EAG* 1
LD1RQH (scalar plus scalar) 1 11 EAG* 1
LD1RQW (scalar plus immediate) 1 11 EAG* 1
LD1RQW (scalar plus scalar) 1 11 EAG* 1
LD1RSB 1 11 EAG* 1
LD1RSH 1 11 EAG* 1
LD1RSW 1 11 EAG* 1
LD1RW 1 11 EAG* 1
LD1SB (scalar plus immediate) 1 11 EAG* 1
LD1SB (scalar plus scalar) 1 11 EAG* 1
LD1SB (scalar plus vector) 32-bit unscaled offset 1 1+3+1+4+Pipe(11, 8) EXA + NULL + FLA + FLA +Pipe((EAGA & EAGB), 8) 8 1
1 1+3+4+Pipe(11, 4) EXA + NULL + FLA + Pipe((EAGA & EAGB), 4) 4 1
LD1SB (vector plus immediate) 32-bit element 1 1+4+Pipe(11, 8) FLA + FLA + Pipe((EAGA & EAGB), 8) 8 1
1 4+Pipe(11, 4) FLA + Pipe((EAGA & EAGB), 4) 4 1
LD1SH (scalar plus immediate) 1 11 EAG* 1
LD1SH (scalar plus scalar) 1 11 EAG* 1
LD1SH (scalar plus vector) 32-bit scaled offset, 1 1+3+1+4+Pipe(11, 8) EXA + NULL + FLA + FLA + Pipe((EAGA & EAGB), 8) 8 1
32-bit unscaled offset
1 1+3+4+Pipe(11, 4) EXA + NULL + FLA + Pipe((EAGA & EAGB), 4) 4 1
LD1SH (vector plus immediate) 32-bit element 1 1+4+Pipe(11, 8) FLA + FLA + Pipe((EAGA & EAGB), 8) 8 1
1 4+Pipe(11, 4) FLA + Pipe((EAGA & EAGB), 4) 4 1
LD1SW (scalar plus immediate) 1 11 EAG* 1
LD1SW (scalar plus scalar) 1 11 EAG* 1
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LD1SW (scalar plus vector) 1 1+3+4+Pipe(11, 4) EXA + NULL + FLA + Pipe((EAGA & EAGB), 4) 4 1

LD1SW (vector plus immediate) 1 4+Pipe(11, 4) FLA + Pipe((EAGA & EAGB), 4) 4 1

LD1W (scalar plus immediate) 1 11 EAG* 1

LD1W (scalar plus scalar) 1 11 EAG* 1

LD1W (scalar plus vector) 32-bit scaled offset, 1 1+3+1+4+Pipe(11, 8) EXA + NULL + FLA + FLA + Pipe((EAGA & EAGB), 8) 8 1

32-bit unscaled offset

1 1+3+4+Pipe(11, 4) EXA + NULL + FLA + Pipe((EAGA & EAGB), 4) 4 1

LD1W (vector plus immediate) 32-bit element 1 1+4+Pipe(11, 8) FLA + FLA + Pipe((EAGA & EAGB), 8) 8 1
1 4+Pipe(11, 4) FLA + Pipe((EAGA & EAGB), 4) 1 1

LD2B (scalar plus immediate) 3 1/ 1/21((Pipe(11,4))x 2 EAG* / (Pipe(EAGA, 4) | Pipe(EAGB, 4)) x 2 8

LD2B (scalar plus scalar) 3 1 /1/21((Pipe(11,4)) x 2 EAG* / (Pipe(EAGA, 4) | Pipe(EAGB, 4)) x 2 8

LD2D (scalar plus immediate) 2 11/11 EAG* / EAG* 2

LD2D (scalar plus scalar) 3 1/0/2(11)x2 EAG* / (EAG*) x 2 2

LD2H (scalar plus immediate) 3 1 /1/21((Pipe(11,4)) x 2 EAG* / (Pipe(EAGA, 4) | Pipe(EAGB, 4)) x 2 8

LD2H (scalar plus scalar) 3 1 /1/21((Pipe(11,4)) x 2 EAG* / (Pipe(EAGA, 4) | Pipe(EAGB, 4)) x 2 8

LD2W (scalar plus immediate) 2 11/11 EAG* / EAG* 2

LD2W (scalar plus scalar) 3 1/0/2(11)x2 EAG* / (EAG*) x 2 2

LD3B (scalar plus immediate) 4 1 /0/23((Pipe(11,4)) x 3 EAG* / (Pipe(EAGA, 4) | Pipe(EAGB, 4)) x 3 12

LD3B (scalar plus scalar) 4 1/ 072/3)((Pipe(11,4)) x 3 EAG* / (Pipe(EAGA, 4) | Pipe(EAGB, 4)) x 3 12

LD3D (scalar plus immediate) 3 11/11/11 EAG* / EAG* / EAG* 3

LD3D (scalar plus scalar) 4 1/0723(11)x 3 EAG* / (EAG*) x 3 3

LD3H (scalar plus immediate) 4 1 /1/2/3((Pipe(11,4)) x 3 EAG* / (Pipe(EAGA, 4) | Pipe(EAGB, 4)) x 3 12

LD3H (scalar plus scalar) 4 1 /1/2/3((Pipe(11,4)) x 3 EAG* / (Pipe(EAGA, 4) | Pipe(EAGB, 4)) x 3 12

LD3W (scalar plus immediate) 3 11/11/11 EAG* / EAG* / EAG* 3

LD3W (scalar plus scalar) 4 1/0/253(11) x 3 EAG* / (EAG*) x 3 3

LD4B (scalar plus immediate) 5 1 /1/2/3/4((Pipe(11, 4)) x 4 EAG* / (Pipe(EAGA, 4) | Pipe(EAGB, 4)) x 4 16

LD4B (scalar plus scalar) 5 1/ w23 ((Pipe(11, 4)) x 4 EAG* / (Pipe(EAGA, 4) | Pipe(EAGB, 4)) x 4 16

LD4D (scalar plus immediate) 4 11/11/11/11 EAG* / EAG* / EAG* / EAG* 4

LD4D (scalar plus scalar) 5 1 /0/2/34(11) x 4 EAG* / (EAG*) x4 4

LD4H (scalar plus immediate) 5 1 /0/2/3/4((Pipe(11, 4)) x 4 EAG* / (Pipe(EAGA, 4) | Pipe(EAGB, 4)) x4 16

LD4H (scalar plus scalar) 5 1/ 1/2/3/4)((Pipe(11, 4)) x 4 EAG* / (Pipe(EAGA, 4) | Pipe(EAGB, 4)) x4 16

LD4W (scalar plus immediate) 4 11/11/11/11 EAG* / EAG* / EAG* / EAG* 4

LD4W (scalar plus scalar) 5 1 /072/34(11) x 4 EAG* / (EAG*) x 4 4

LDFF1B (scalar plus scalar) 1 11 EAG* 1

LDFF1B (scalar plus vector) 32-bit unscaled offset 1 1+3+1+4+Pipe(11, 8) EXA + NULL + FLA + FLA + Pipe((EAGA & EAGB), 8) 8 1
1 1+3+4+Pipe(11, 4) EXA + NULL + FLA + Pipe((EAGA & EAGB), 4) 4 1

LDFF1B (vector plus immediate) 32-bit element 1 1+4+Pipe(11, 8) FLA + FLA + Pipe((EAGA & EAGB), 8) 8 1
1 4+Pipe(11, 4) FLA + Pipe((EAGA & EAGB), 4) 4 1

LDFF1D (scalar plus scalar) 1 11 EAG* 1
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LDFF1D (scalar plus vector) 1 1+3+4+Pipe(11, 4) EXA + NULL + FLA + Pipe((EAGA & EAGB), 4) 4 1
LDFF1D (vector plus immediate) 1 4+Pipe(11, 4) FLA + Pipe((EAGA & EAGB), 4) 4 1
LDFF1H (scalar plus scalar) 1 11 EAG* 1
LDFF1H (scalar plus vector) 32-Dbit scaled offset, 1 1+3+1+4+Pipe(11, 8) EXA + NULL + FLA + FLA + Pipe((EAGA & EAGB), 8) 8 1
32-bit unscaled offset
1 1+3+4+Pipe(11, 4) EXA + NULL + FLA + Pipe((EAGA & EAGB), 4) 4 1
LDFF1H (vector plus immediate) 32-bit element 1 1+4+Pipe(11, 8) FLA + FLA + Pipe((EAGA & EAGB), 8) 8 1
1 4+Pipe(11, 4) FLA + Pipe((EAGA & EAGB), 4) 4 1
LDFF1SB (scalar plus scalar) 1 11 EAG* 1
LDFF1SB (scalar plus vector) 32-bit unscaled offset 1 1+3+1+4+Pipe(11, 8) EXA + NULL + FLA + FLA + Pipe((EAGA & EAGB), 8) 8 1
1 1+3+4+Pipe(11, 4) EXA + NULL + FLA + Pipe((EAGA & EAGB), 4) 4 1
LDFF1SB (vector plus immediate) 32-bit element 1 1+1+4+Pipe(11, 8) FLA + FLA + Pipe((EAGA & EAGB), 8) 8 1
1 4+Pipe(11, 4) FLA + Pipe((EAGA & EAGB), 4) 4 1
LDFF1SH (scalar plus scalar) 1 11 EAG* 1
LDFF1SH (scalar plus vector) 32-bit scaled offset, 1 1+3+1+4+Pipe(11, 8) EXA + NULL + FLA + FLA + Pipe((EAGA & EAGB), 8) 8 1
32-bit unscaled offset
1 1+3+4+Pipe(11, 4) EXA + NULL + FLA + Pipe((EAGA & EAGB), 4) 4 1
LDFF1SH (vector plus immediate) 32-bit element 1 1+4+Pipe(11, 8) FLA + FLA + Pipe((EAGA & EAGB), 8) 8 1
1 4+Pipe(11, 4) FLA + Pipe((EAGA & EAGB), 4) 4 1
LDFF1SW (scalar plus scalar) 1 11 EAG* 1
LDFF1SW (scalar plus vector) 1 1+3+4+Pipe(11, 4) EXA + NULL + FLA + Pipe((EAGA & EAGB), 4) 4 1
LDFF1SW (vector plus immediate) 1 4+Pipe(11, 4) FLA + Pipe((EAGA & EAGB), 4) 4 1
LDFF1W (scalar plus scalar) 1 11 EAG* 1
LDFF1W (scalar plus vector) 32-bit scaled offset, 1 1+3+1+4+Pipe(11, 8) EXA + NULL + FLA + FLA + Pipe((EAGA & EAGB), 8) 8 1
32-bit unscaled offset
1 1+3+4+Pipe(11, 4) EXA + NULL + FLA + Pipe((EAGA & EAGB), 4) 4 1
LDFF1W (vector plus immediate) 32-bit element 1 1+4+Pipe(11, 8) FLA + FLA + Pipe((EAGA & EAGB), 8) 8 1
1 4+Pipe(11, 4) FLA + Pipe((EAGA & EAGB), 4) 4 1
LDNF1B 1 11 EAG* 1
LDNF1D 1 11 EAG* 1
LDNF1H 1 11 EAG* 1
LDNF1SB 1 11 EAG* 1
LDNF1SH 1 11 EAG* 1
LDNF1SW 1 11 EAG* 1
LDNF1W 1 11 EAG* 1
LDNT1B (scalar plus immediate) 1 11 EAG* 1
LDNT1B (scalar plus scalar) 1 11 EAG* 1
LDNT1D (scalar plus immediate) 1 11 EAG* 1
LDNT1D (scalar plus scalar) 1 11 EAG* 1
LDNT1H (scalar plus immediate) 1 11 EAG* 1
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LDNT1H (scalar plus scalar) 1 11 EAG* 1
LDNT1W (scalar plus immediate) 1 11 EAG* 1
LDNT1W (scalar plus scalar) 1 11 EAG* 1
LDR (predicate) 1 11 EAGA 1
LDR (vector) 1 11 EAGA 1
LSL (immediate, predicated) 1 N4 v 4 FL*
LSL (immediate, unpredicated) 1 4 FL*
LSL (vectors) 1 4 FL*
LSL (wide elements, predicated) 1 4 FL*
LSL (wide elements, unpredicated) 1 4 FL*
LSLR 1 4 FL*
LSR (immediate, predicated) 1 4 FL*
LSR (immediate, unpredicated) 1 4 FL*
LSR (vectors) 1 4 FL*
LSR (wide elements, predicated) 1 4 FL*
LSR (wide elements, unpredicated) 1 4 FL*
LSRR 1 N v 4 FL*
MAD 1 v v 9 FL*
MLA 1 N4 v 9 FL*
MLS 1 v v 9 FL*
MOVPRFX (predicated) 1 4 FL*
MOVPRFX (unpredicated) 1 4 FL*
MSB 1 v 9 FL*
MUL (immediate) 1 9 FLA
MUL (vectors) 1 9 FL*
NAND 1 3 PRX
NANDS 1 3 PRX
NEG 1 N 4 FL*
NOR 1 3 PRX
NORS 1 3 PRX
NOT (vector) 1 v 4 FL*
ORN (predicates) 1 3 PRX
ORNS 1 3 PRX
ORR (immediate) ORN (immediate) 1 v 4 FLA
ORR (predicates) MOV (predicate, 1 3 PRX
unpredicated)
1 3 PRX
ORR (vectors, predicated) 1 N4 v 4 FL*
ORR (vectors, unpredicated) MOV (vector, 1 4 FL*
unpredicated)
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1 4 FL*
ORRS MOVS (unpredicated) 1 3 PRX
1 3 PRX
ORV <V>=B 10 4 4 /(e /11204) x 3 /(14 /114 /114 FL* / (FLA / FL¥) x 3 / FL* / FL* / FL*
<V>=H 9 4 4 /(e /1124) x 3 /114 /1114 FL* / (FLA / FL¥*) x 3 / FL* / FL*
<V>=§ 8 V4 4 /(W6 /1L24) x 3 / 114 FL* / (FLA /FL*)x 3 / FL*
<V>=D 128 | 3 v 4 /e /1214 FL* / FLA / FL*
256 | 5 v 4 /(e /11224)x 2 FL* / (FLA /FL¥) x 2
512 | 7 4 4 /(e /1124)x 3 FL* / (FLA /FL¥) x 3
PFALSE 1 3 PRX
PFIRST 1 3 PRX
PNEXT 1 3 PRX
PRFB (scalar plus immediate) 1 NA EAG* 1
PRFB (scalar plus scalar) 1 NA EAG* 1
PRFB (scalar plus vector) 32-bit scaled offset 1 1+3+1+4+Pipe(NA, 8) EXA + NULL + FLA + FLA + Pipe((EAGA & EAGB), 8) 8 1
1 1+3+4+Pipe(NA, 4) EXA + NULL + FLA + Pipe((EAGA & EAGB), 4) 4 1
PRFB (vector plus immediate) 32-bit element 1 1+4+Pipe(NA, 8) FLA + FLA + Pipe((EAGA & EAGB), 8) 8 1
1 4+Pipe(NA, 4) FLA + Pipe((EAGA & EAGB), 4) 4 1
PRFD (scalar plus immediate) 1 NA EAG* 1
PRFD (scalar plus scalar) 1 NA EAG* 1
PRFD (scalar plus vector) 32-bit scaled offset 1 1+3+1+4+Pipe(NA, 8) EXA + NULL + FLA + FLA + Pipe((EAGA & EAGB), 8) 8 1
1 1+3+4+Pipe(NA, 4) EXA + NULL + FLA + Pipe((EAGA & EAGB), 4) 4 1
PRFD (vector plus immediate) 32-bit element 1 1+4+Pipe(NA, 8) FLA + FLA + Pipe((EAGA & EAGB), 8) 8 1
1 4+Pipe(NA, 4) FLA + Pipe((EAGA & EAGB), 4) 4 1
PRFH (scalar plus immediate) 1 NA EAG* 1
PRFH (scalar plus scalar) 1 NA EAG* 1
PRFH (scalar plus vector) 32-bit scaled offset 1 1+3+1+4+Pipe(NA, 8) EXA + NULL + FLA + FLA + Pipe((EAGA & EAGB), 8) 8 1
1 1+3+4+Pipe(NA, 4) EXA + NULL + FLA + Pipe((EAGA & EAGB), 4) 4 1
PRFH (vector plus immediate) 32-bit element 1 1+4+Pipe(NA, 8) FLA + FLA + Pipe((EAGA & EAGB), 8) 8 1
1 4+Pipe(NA, 4) FLA + Pipe((EAGA & EAGB), 4) 4 1
PRFW (scalar plus immediate) 1 NA EAG* 1
PRFW (scalar plus scalar) 1 NA EAG* 1
PRFW (scalar plus vector) 32-bit scaled offset 1 1+3+1+4+Pipe(NA, 8) EXA + NULL + FLA + FLA + Pipe((EAGA & EAGB), 8) 8 1
1 1+3+4+Pipe(NA, 4) EXA + NULL + FLA + Pipe((EAGA & EAGB), 4) 4 1
PRFW (vector plus immediate) 32-bit element 1 1+4+Pipe(NA, 8) FLA + FLA + Pipe((EAGA & EAGB), 8) 8 1
1 4+Pipe(NA, 4) FLA + Pipe((EAGA & EAGB), 4) 4 1
PTEST 1 3 PRX
PTRUE 1 3 PRX
PTRUES 1 3 PRX
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PUNPKHI 1 3 PRX

PUNPKLO 1 3 PRX

RBIT 1 N4 4 FL*

RDFFR (predicated) 1 3 PRX

RDFFR (unpredicated) 1 3 PRX

RDFFRS 1 3 PRX

RDVL 1 1 EX*

REV (predicate) 1 3 PRX

REV (vector) 1 6 FLA

REVB 1 N 4 FL*

REVH 1 N 4 FL*

REVW 1 v 4 FL*

SABD 1 v v 4 FL*

SADDV <T>=B 11| o 4 /4 /(224 [ 6) x 3 / 1214 / 14 / 114 FL* / FL* / (FL* / FLA) x 3 / FL* / FL* / FL*
<T>=H 10| v 4 /W4 / (124 / 16) x 3 / 124 / 14 FL* / FL* / (FL* / FLA) x 3 / FL* / FL*
<T>=S§ 128 | 5 4 4 /114 J 01214 /106 /(124 FL* / FL* / FL* / FLA / FL*

256 | 7 4 4 /14 /(124 JN6) x 2 / 124 FL* / FL* / (FL* / FLA) x 2 / FL*
512 | 9 v 4 /114 /(1214 /1N6) x 3 / 1214 FL* / FL* / (FL* / FLA) x 3 / FL*
SCVTF 1 v 9 FL*
SDIV <T>=S§ 128 | 1 N4 v E 33 FLA
256 | 1 N4 v E 60 FLA
512 | 1 v 4 E 114 FLA
<T>=D 128 | 1 v 4 E 49 FLA
256 | 1 v v E 92 FLA
512 | 1 v v E 178 FLA
SDIVR <T>=S§ 128 | 1 N4 v E 33 FLA
256 | 1 N4 v E 60 FLA
512 | 1 v 4 E 114 FLA
<T>=D 128 | 1 v 4 E 49 FLA
256 | 1 v v E 92 FLA
512 | 1 v v E 178 FLA

SDOT (indexed) 2 6 /19 FLA /FLB

SDOT (vectors) 1 9 FL*

SEL (predicates) MOV (predicate, 1 3 PRX

predicated, merging)
1 3 PRX

SEL (vectors) MOV (vector, predicated) 1 4 FL*

1 4 FL*
SETFFR 1 NA
SMAX (immediate) 1 v 4 FLA
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SMAX (vectors) 1 v v 4 FL*

SMAXV <V>=B 10| v 4 /(6 /1124)x 3 / 14 /(14 [ 1114 FL* / (FLA / FL¥) x 3 / FL* / FL* / FL*
<V>=H 9 v 4 /(06 /124)x 3 / W4 / M4 FL* / (FLA / FL¥) x 3 / FL* / FL*
<V>=S§ 8 4 4 /(e /11214) x 3 / (14 FL* / (FLA /FL¥)x 3 / FL*
<V>=D 128 | 3 4 4 /106 /(1214 FL* / FLA / FL*

256 | 5 v 4 /(e /11204) x 2 FL* / (FLA /FL¥) x 2
512 | 7 v 4 /(W6 /11214)x 3 FL* / (FLA / FL¥) x 3

SMIN (immediate) 1 4 FLA

SMIN (vectors) 1 NG 4 FL*

SMINV <V>=B 10 4 4 /(e /11214) x 3 /(14 /114 /1114 FL* / (FLA / FL¥) x 3 / FL* / FL* / FL*
<V>=H 9 v 4 /(M6 /24)x 3 /14 /1114 FL* / (FLA / FL¥) x 3 / FL* / FL*
<V>=§ 8 J 4 /(W6 /1L24) x 3 /114 FL* / (FLA /FL*)x 3 / FL*
<V>=D 128 | 3 v 4 /W6 /11214 FL* / FLA / FL*

256 | 5 v 4 /(e /11224)x 2 FL* / (FLA /FL¥) x 2
512 | 7 v 4 /(W6 /124)x 3 FL* / (FLA / FL¥) x 3

SMULH 1 9 FL*

SPLICE 1 6 FLA

SQADD (immediate) 1 4 FL*

SQADD (vectors) 1 4 FL*

SQDECB 1 P 1+1 (EXA + EXA) | (EXB + EXB)

SQDECD (scalar) 1 P 1+1 (EXA + EXA) | (EXB + EXB)

SQDECD (vector) 1 v 4 FL*

SQDECH (scalar) 1 P 1+1 (EXA + EXA) | (EXB + EXB)

SQDECH (vector) 1 v 4 FL*

SQDECP (scalar) 2 /P |3+2+1/1+01 PRX + NULL + EXA / EXB + EXB

SQDECP (vector) 1 v 3+5+4 PRX + NULL + FLA

SQDECW (scalar) 1 P 1+1 (EXA + EXA) | (EXB + EXB)

SQDECW (vector) 1 v 4 FL*

SQINCB 1 P 1+1 (EXA + EXA) | (EXB + EXB)

SQINCD (scalar) 1 P 1+1 (EXA + EXA) | (EXB + EXB)

SQINCD (vector) 1 v 4 FL*

SQINCH (scalar) 1 P 1+1 (EXA + EXA) | (EXB + EXB)

SQINCH (vector) 1 v 4 FL*

SQINCP (scalar) 2 /P 3+2+1 / 1+0111 PRX + NULL + EXA / EXB + EXB

SQINCP (vector) 1 v 3+5+4 PRX + NULL + FLA

SQINCW (scalar) 1 P 1+1 (EXA + EXA) | (EXB + EXB)

SQINCW (vector) 1 4 FL*

SQSUB (immediate) 1 4 FL*

SQSUB (vectors) 1 4 FL*
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ST1B (scalar plus immediate) 1 NA, NA EAG* FLA 1 1
ST1B (scalar plus scalar) 1 NA, NA EAG* FLA 1 1
ST1B (scalar plus vector) 32-bit unscaled offset 8 (1+3+4+Pipe(NA, 2) / 1+3+NA) x 4 (EXA + NULL + FLA + Pipe((EAGA & EAGB), 2) / EXA + NULL + 16 16
FLA) x 4
4 (1+3+4+Pipe(NA, 2) / 1+3+NA) x 2 (EXA + NULL + FLA + Pipe((EAGA & EAGB), 2) / EXA + NULL + 8 8
FLA) x 2
ST1B (vector plus immediate) 32-bit element 8 (4+Pipe(NA, 2) / NA) x 4 (FLA + FLA + Pipe((EAGA & EAGB), 2) / FLA) x 4 16 16
4 (4+Pipe(NA, 2) / NA) x 2 (FLA + Pipe((EAGA & EAGB), 2) / FLA) x 2 8 8
ST1D (scalar plus immediate) 1 NA, NA EAG* FLA 1 1
ST1D (scalar plus scalar) 1 NA, NA EAG* FLA 1 1
ST1D (scalar plus vector) 4 (1+3+4+Pipe(NA, 2) / 1+3+NA) x 2 (EXA + NULL + FLA + Pipe((EAGA & EAGB), 2) / EXA + NULL + 8 8
FLA) x 2
ST1D (vector plus immediate) 4 (4+Pipe(NA, 2) /NA) x 2 (FLA + Pipe((EAGA & EAGB), 2) / FLA) x 2 8 8
ST1H (scalar plus immediate) 1 NA, NA EAG* FLA 1 1
ST1H (scalar plus scalar) 1 NA, NA EAG* FLA 1 1
ST1H (scalar plus vector) 32-bit scaled offset, 8 (1+3+4+Pipe(NA, 2) / 1+3+NA ) x 4 (EXA + NULL + FLA + Pipe((EAGA & EAGB), 2) / EXA + NULL + 16 16
32-bit unscaled offset FLA) x 4
4 (1+3+4+Pipe(NA, 2) / 1+3+NA) x 2 (EXA + NULL + FLA + Pipe((EAGA & EAGB), 2) / EXA + NULL + 8 8
FLA) x 2
ST1H (vector plus immediate) 32-bit element 8 (4+Pipe(NA,2) /NA) x4 (FLA + FLA + Pipe((EAGA & EAGB), 2) / FLA) x 4 16 16
4 (4+Pipe(NA, 2) / NA) x 2 (FLA + Pipe((EAGA & EAGB), 2) / FLA) x 2 8 8
ST1W (scalar plus immediate) 1 NA, NA EAG* FLA 1 1
ST1W (scalar plus scalar) 1 NA, NA EAG* FLA 1 1
ST1W (scalar plus vector) 32-bit scaled offset, 8 (1+3+4+Pipe(NA, 2) / 1+3+NA) x 4 (EXA + NULL + FLA + Pipe((EAGA & EAGB), 2) / EXA + NULL + 16 16
32-bit unscaled offset FLA) x 4
4 (1+3+4+Pipe(NA, 2) / 1+3+NA) x 2 (EXA + NULL + FLA + Pipe((EAGA & EAGB), 2) / EXA + NULL + 8 8
FLA) x 2
ST1W (vector plus immediate) 32-bit element 8 (4+Pipe(NA,2) /NA) x4 (FLA + Pipe((EAGA & EAGB), 2) / FLA) x 4 16 16
4 (4+Pipe(NA, 2) / NA) x 2 (FLA + Pipe((EAGA & EAGB), 2) / FLA) x 2 8 8
ST2B (scalar plus immediate) 3 1/ /21(Pipe(NA, 4), Pipe(NA, 4)) x 2 EAG* / ((Pipe(EAGA, 4) | Pipe(EAGB, 4)), Pipe(FLA, 4) ) x 2 8 8
ST2B (scalar plus scalar) 3 1/ /21 Pipe(NA, 4), Pipe(NA, 4)) x 2 EAG* / ( (Pipe(EAGA, 4) | Pipe(EAGB, 4)), Pipe(FLA, 4) ) x 2 8 8
ST2D (scalar plus immediate) 2 NA,NA / NANNA EAG* FLA / EAG* FLA 2 2
ST2D (scalar plus scalar) 3 1 /1/2(NANA) x 2 EAG* / (EAG* FLA)x 2 2 2
ST2H (scalar plus immediate) 3 1 / /2)(Pipe(NA, 4), Pipe(NA, 4)) x 2 EAG* / ( (Pipe(EAGA, 4) | Pipe(EAGB, 4)), Pipe(FLA, 4) ) x 2 8 8
ST2H (scalar plus scalar) 3 1 / 721 Pipe(NA, 4), Pipe(NA, 4)) x 2 EAG* / ( (Pipe(EAGA, 4) | Pipe(EAGB, 4)), Pipe(FLA, 4) ) x 2 8 8
ST2W (scalar plus immediate) 2 NA,NA / NANA EAG* FLA / EAG* FLA 2 2
ST2W (scalar plus scalar) 3 1 /1/21(NANA) x 2 EAG* / (EAG*, FLA) x 2 2 2
ST3B (scalar plus immediate) 4 1/ /2/31(Pipe(NA, 4), Pipe(NA, 4)) x 3 EAG* / ( (Pipe(EAGA, 4) | Pipe(EAGB, 4)), Pipe(FLA, 4) ) x 3 12 12
ST3B (scalar plus scalar) 4 1 / /2731 Pipe(NA, 4), Pipe(NA, 4)) x 3 EAG* / ( (Pipe(EAGA, 4) | Pipe(EAGB, 4)), Pipe(FLA, 4) ) x 3 12 12
ST3D (scalar plus immediate) 3 NA,NA / NANA / NANA (EAG* FLA)x 3 3 3
ST3D (scalar plus scalar) 4 1 /0/2/3(NANA) x 3 EAG* / (EAG*, FLA)x 3 3 3
ST3H (scalar plus immediate) 4 1 / /2/3](Pipe(NA, 4), Pipe(NA, 4)) x 3 EAG* / ( (Pipe(EAGA, 4) | Pipe(EAGB, 4)), Pipe(FLA, 4) ) x 3 12 12
ST3H (scalar plus scalar) 4 1 / 11/2/3](Pipe(NA, 4), Pipe(NA, 4)) x 3 EAG* / ( (Pipe(EAGA, 4) | Pipe(EAGB, 4)), Pipe(FLA, 4) ) x 3 12 12
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ST3W (scalar plus immediate) 3 NA,NA / NANA / NANA EAG* FLA / EAG* FLA / EAG* FLA 3 3
ST3W (scalar plus scalar) 4 1 /1723 (NANA) x 3 EAG* / (EAG*, FLA) x 3 3 3
ST4B (scalar plus immediate) 5 1/ 11/2/3/4(Pipe(NA, 4), Pipe(NA, 4)) x 4 EAG* / ( (Pipe(EAGA, 4) | Pipe(EAGB, 4)), Pipe(FLA, 4) ) x4 16 16
ST4B (scalar plus scalar) 5 1/ /2/3/4( Pipe(NA, 4), Pipe(NA, 4)) x 4 EAG* / ( (Pipe(EAGA, 4) | Pipe(EAGB, 4)), Pipe(FLA, 4) ) x 4 16 16
ST4D (scalar plus immediate) 4 NANA / NANA / NANA / NANA EAG* FLA / EAG* FLA / EAG* FLA / EAG*, FLA 4 4
ST4D (scalar plus scalar) 5 1 /1/2/3/4(NANA) x 4 EAG* / (EAG* FLA) x 4 4 4
ST4H (scalar plus immediate) 5 1/ /2/3/4(Pipe(NA, 4), Pipe(NA, 4)) x 4 EAG* / ( (Pipe(EAGA, 4) | Pipe(EAGB, 4)), Pipe(FLA, 4) ) x 4 16 16
ST4H (scalar plus scalar) 5 1 / /2734 Pipe(NA, 4), Pipe(NA, 4)) x 4 EAG* / ( (Pipe(EAGA, 4) | Pipe(EAGB, 4)), Pipe(FLA, 4) ) x 4 16 16
ST4W (scalar plus immediate) 4 NA,NA / NANA / NANA / NANA EAG* FLA / EAG*, FLA / EAG*, FLA / EAG* FLA 4 4
ST4W (scalar plus scalar) 5 1/ 1/2/3/4(NANA) x 4 EAG* / (EAG*, FLA) x 4 4 4
STNT1B (scalar plus immediate) 1 NA, NA EAG* FLA 1 1
STNT1B (scalar plus scalar) 1 NA, NA EAG* FLA 1 1
STNT1D (scalar plus immediate) 1 NA, NA EAG* FLA 1 1
STNT1D (scalar plus scalar) 1 NA, NA EAG* FLA 1 1
STNT1H (scalar plus immediate) 1 NA, NA EAG* FLA 1 1
STNT1H (scalar plus scalar) 1 NA, NA EAG* FLA 1 1
STNT1W (scalar plus immediate) 1 NA, NA EAG* FLA 1 1
STNT1W (scalar plus scalar) 1 NA, NA EAG* FLA 1 1
STR (predicate) 1 NA, NA EAGA, PRX 1 1
STR (vector) 1 NA, NA EAGA, FLA 1 1
SUB (immediate) 1 4 FL*

SUB (vectors, predicated) 1 v 4 FL*

SUB (vectors, unpredicated) 1 4 FL*

SUBR (immediate) 1 4 FLA

SUBR (vectors) 1 v 4 FL*

SUNPKHI 1 6 FLA

SUNPKLO 1 6 FLA

SXTB 1 4 FL*

SXTH 1 4 FL*

SXTW 1 4 FL*

TBL 1 6 FLA

TRN1 (predicates) 1 3 PRX

TRN1 (vectors) 1 6 FLA

TRN2 (predicates) 1 3 PRX

TRN2 (vectors) 1 6 FLA

UABD 1 v v 4 FL*

UADDV <T>=B 11 4 /W4 /(124 / 6) x 3 / 1214 / 14 / 114 FL* / FL* / (FL* / FLA) x 3 / FL* / FL* / FL*

<T>=H 10 4 /W4 /(1204 /116) x 3 /1214 / 114 FL* /FL* / (FL* / FLA) x 3 / FL* / FL*
<T> = {S|D} 128 | 5 v 4 /114 /11214 /106 /11214 FL* / FL* / FL* / FLA / FL*
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256 | 7 v 4 /114 /(1214 J106) x 2 / 1214 FL* / FL* / (FL* / FLA)x 2 / FL*

512 | 9 4 4 /114 /(1214 /116) x 3 / 1214 FL* / FL* / (FL* / FLA)x 3 / FL*
UCVTF 1 N4 9 FL*
uDIVv <T>=S 128 | 1 v 4 E 33 FLA
256 | 1 v 4 E 60 FLA
512 | 1 v v E 114 FLA
<T>=D 128 | 1 v v E 49 FLA
256 | 1 N4 v E 92 FLA
512 | 1 N4 v E 178 FLA
UDIVR <T>=S 128 | 1 v 4 E 33 FLA
256 | 1 v 4 E 60 FLA
512 | 1 v v E 114 FLA
<T>=D 128 | 1 v v E 49 FLA
256 | 1 N4 v E 92 FLA
512 | 1 N4 v E 178 FLA

UDOT (indexed) 2 6 /119 FLA / FLB

UDOT (vectors) 1 9 FL*

UMAX (immediate) 1 4 FLA

UMAX (vectors) 1 v 4 FL*

UMAXV <V>=B 10| v 4 /(6 /1124)x 3 / 14 /(14 [ 1114 FL* / (FLA / FL¥) x 3 / FL* / FL* / FL*
<V>=H 9 J 4 /(6 /11214) x 3 /114 / 1114 FL* / (FLA / FL*) x 3 / FL* / FL*
<V>=S§ 8 v 4 /(W6 /124)x 3 /114 FL* / (FLA / FL¥*) x 3 / FL*
<V>=D 128 | 3 v 4 /W6 /11214 FL* / FLA / FL*

256 | 5 4 4 /(e /1124)x 2 FL* / (FLA /FL¥)x 2
512 | 7 v 4/ (W6 /124)x 3 FL* / (FLA / FL¥) x 3

UMIN (immediate) 1 4 FLA

UMIN (vectors) 1 v 4 FL*

UMINV <V>=B 10 v 4 /(e /11214) x 3 /(14 /114 /1114 FL* / (FLA / FL¥) x 3 / FL* / FL* / FL*
<V>=H 9 v 4 /(16 /24)x 3 /14 /1114 FL* / (FLA / FL¥) x 3 / FL* / FL*
<V>=§ 8 J 4 /(W6 /1L24)x3 /14 FL* / (FLA /FL*)x 3 / FL*
<V>=D 128 | 3 v 4 /16 /1214 FL* / FLA / FL*

256 | 5 v 4 /(e /11204) x 2 FL* / (FLA /FL¥) x 2
512 | 7 v 4 /(e /11204)x 3 FL* / (FLA/FL¥)x 3

UMULH 1 9 FL*

UQADD (immediate) 1 4 FL*

UQADD (vectors) 1 4 FL*

UQDECB 1 P 1+1 (EXA + EXA) | (EXB + EXB)

UQDECD (scalar) 1 P 1+1 (EXA + EXA) | (EXB + EXB)
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UQDECD (vector) 1 v 4 FL*
UQDECH (scalar) 1 P 1+1 (EXA + EXA) | (EXB + EXB)
UQDECH (vector) 1 v 4 FL*
UQDECP (scalar) 2 /P 3+2+1 / 1+0111 PRX + NULL + EXA / EXB + EXB
UQDECP (vector) 1 v 3+5+4 PRX + NULL + FLA
UQDECW (scalar) 1 P 1+1 (EXA + EXA) | (EXB + EXB)
UQDECW (vector) 1 v 4 FL*
UQINCB 1 P 1+1 (EXA + EXA) | (EXB + EXB)
UQINCD (scalar) 1 P 1+1 (EXA + EXA) | (EXB + EXB)
UQINCD (vector) 1 v 4 FL*
UQINCH (scalar) 1 P 1+1 EX* + EX*
UQINCH (vector) 1 v 4 FL*
UQINCP (scalar) 2 /P 3+2+1 / 1+11 PRX + NULL + EXA / EXB + EXB
UQINCP (vector) 1 v 3+5+4 PRX + NULL + FLA
UQINCW (scalar) 1 P 1+1 (EXA + EXA) | (EXB + EXB)
UQINCW (vector) 1 4 FL*
UQSUB (immediate) 1 4 FL*
UQSUB (vectors) 1 4 FL*
UUNPKHI 1 6 FLA
UUNPKLO 1 6 FLA
UXTB 1 4 FL*
UXTH 1 4 FL*
UXTW 1 4 FL*
UZP1 (predicates) 1 3 PRX
UZP1 (vectors) 1 6 FLA
UZP2 (predicates) 1 3 PRX
UZP2 (vectors) 1 6 FLA
WHILELE 1 1+3 EXA + PRX
WHILELO 1 1+3 EXA + PRX
WHILELS 1 1+3 EXA + PRX
WHILELT 1 1+3 EXA + PRX
WRFFR 2 v v NG NA/3 / PRX
ZIP1 (predicates) 1 3 PRX
ZIP1 (vectors) 1 6 FLA
ZIP2 (predicates) 1 3 PRX
ZIP2 (vectors) 1 6 FLA
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