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AEOPELCEVWTRHUTONEESEZEICL T, INLOXHFICTERSI LTV IHEE
DV, FRICHERELICERL T3

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

Typographical and Notational Conventions
AFICET2REHAZUTICE L0 2,
TV 7 7RiL
TRV 77Dy VR Yy 7 AL ARM® Architecture Reference Manual (BA T,  ARM Manual)
CHEPLL . 3°_C Consolas 2 2/NXF Tt 3 5,
&L
A ORECIFFEAMIC ARM Manual ICHEHLL | Times New Roman, 2> 2 KX F TRk 3
%, 7272, mAEE AT vy —ERDA Cambria TRRik T b, T, EEOGSE
IN—T L LCRBT 2720 ICIERERBO XS o v b o RHEHZEBAT 5,
A OREMEXTLIIUTOEY &35,
* TARY Ay EROXFIICRME N2, B 0oXFIEET,
land] 7525 b [1 HOXFHID S b, wihe | XFIERINE, [JND -
(N 7Y) BXFHAZRL, HANO | XFIERI NS,
fand}  H—y—755 9 ()} WD | (X4 7) TRYULAEIXFIIDS B, wFhp 12
WWEE NS, | ORIZICFIID 7\ & & 13 Null X7 % KB
35,

Y DX (class) Fid
MEHDOHB TR TERMEHED 5, HlZiX. ADD fiv4 i< i Base Instruction (&3
% 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-. BaseInstructions ICJE 3 % ADD i3 R T2 EXTHEICIT ADD
(base) D & S ICX5r4 (class) ZHWTKFLT 2,
Variant 50
”“VWIT@ﬁéﬁwi\mn@ﬁﬁ@i#uT ai biEING, Fic,
SIMD&FP, SVE i XA — D HTH Y bbb, 7-2BIL>THA=Fy 27D

BEe A L —v a VEDIKER <;—?-?—7§‘\54)@ﬁ>f7_?—5 Z D7, MHEICIG LT Variant
DIEHIZINT %, Variant (I T IR T L 5 IC@MHRETLOBAIC - (A 7 V) BEE.
FelF CRliR 9 2, Variant DRFLIIMADOXIMIC L o TRE 22, FHHlE L7 —xMER
FTLYRXKGLE LT,
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1))

Base instruction : ADD (immediate) - W

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

SVE instruction : ADD (immediate) - [SD]

Terminology

fr4 (Instruction)
ARMvS Manual C6.2 & [ Alphabetical list of A64 base instructions |, ¥ & U8 SVE Manual 5
# [ SVE Instruction Set] 1C3 W TERR X 1L T\ 21 & D Instruction Z$HF 3. ARMvS
Manual & RIS DR (form) DiEWVE () KL TEAT 2, mp R 0iE W% X7
LZzawald, AidomaXaRidicit-s7T () 75_’%‘51%?‘ 5. ¥R HAKRLEA
%, 7z, uOP A L FURIVICX AT 2 ERH 2 58ICIE T —F 7 7 F v ian LRI
%,
nOP 54> (nOP instruction)
TukyHFic kY Fa-FInkmnoERefEd. BAWC e ey o7y - A
T F—RAEFTT TR, TRTOEEE pOP i L LTHD RS,
B4 (Integer instruction)
ARMvS Manual (€ T A64 Base Instruction & L CEZEI N2 ma%iET, FICHEEEZ K
5T Lo OARETIIERMS LIRS 5,
SIMD&FP 4> (SIMD&FP instruction)

ARMvS Manual € T A64 Advanced SIMD and Floating-point Instruction & L CE#E X L5
IR (=R
SVE 4 (SVE instruction)
SVE Manual IC CERI Lo HxiEd,
Variant

F—fACTLYRE - FAX, REEHRDHZVDOT—X - ﬁ%x%@ﬁhif%é;
EDRITH 5, Variant ZMHDOXD T EICIELRTEKEAE R Z Z LIcFERELATRIE
bR\,

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

SIMD&FP i i iZL Y A X « A4 XZ Db DERTbD L, BRIV DT—X - ¥
AZX%RKTHONH 5, #HlxiE., FADD (scalar) @ Variant (FL Y A X « 4 X%IRL,
FADD (vector) @ Variant I3EFEHZ YV DT —% + 4 X%RL T3

SVE @ ClHHEOERDH 72V DT =X - F A4 XL XEY - TI/ A - HF 4 X%Zh
ZRMALLCIRETE 2, 2070, HEDOT —X « ¥4 X variant % esize, AEY 7
7R YA X% memsize & L THKIHT %,

a4 & SIMD&FP i 4 D esize & memsize O variant [ZFEARIIICIT—EL T % 23,
EB L h—HICEKRT 555113 esize. memsize #BHEL T 5,

Vector Length (VL)

SVE Manual I CTEFR I N T 5 Vector Length Z Db D %55, ARFE T Vector Length

I3 bit BT CTRBLT 2,
RPN T—ER

SIMD&FP i & SVE &I B I 3RV RE - ¥4 X, 7213, A€ - T2/ %2R

DY A4 XOITH 5,
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Element X

SIMD&FP 4 & SVE @ iC BT 57 b L« 7— X K% esize. ¥ 7213 memsize TR

L7=B%iET., $abb, X2 ML s F—2NOERKICHY T 3,
HEGR

MEDATART VY FEHNART VY FRE—DLYRAZ - 77 A VICBHL T @4
T, BEATEE, WMMEEE, vy MEEOMA R EPERY T S, JAETIE MOV f e
EDOIEMB DAL, 7277 L, AEFETREARZ LY X - 77 A AVBlIZE T 2Rk aid
HEma e LTifcb v,

u—F/ZXFT7@4

ARV ERDPOLL YRR T — 22 EETIMa %2 —Fid, LYRZADLL AT

MicTF— 2 %Ed 2Mma%2 A P Twmhed 5,
YT 4 Ay F

FaA—Fhb I FR—vay - AF—vavictrl—vay - 7u—%2E0YCTEH
fEcd 5,

fRRAT

VHFR—vay - AT7—vavprbETAATI4AvicHL—vav - 7a—%HA
T52&THD,

EITRT

T—F%77F ¥fad, pOP iy, AL —vav - 70 —DETHET LIRELR
T, EEREORET 28T

eIyt

T—FT77F M BBETTRT L. »pOoREBREZEEL 7oty o7 —F77F
¥ ATAPEREHFRT LI TH DL, RETRETT T LHMEICXAIL TREAT 5,

AR =Ygy - T7H— ARL—vav - JITX}

WOP M2 RITT 270D 4 774 voOEHEZ Db DRIET, Ty It <L —
vav - 7un—%fliAHbe T uOP MRt ETT 5, = Fv = 7THERZHEE T 2 &m0
ROBENMNTH D, 72, fPOPMHDO LI ICHILT—F T 7 F v adh OiIRELZWELRT
FFTh,, Frvva - TI7RARAEY - 77 ADUMELIDRT, A= —v 3
y-7u~a%&u~yav-Uﬁl%b@%%&E%i&mﬁ 7 v — DRI & ET

WKWEHT 2L EIC, ARL—vav - V7R MEeRRTIHEELED S, kb, b
7w — VTR PICEBKREINIGHGRD 5,
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1. 1T C®DIC

1.1.  A64FX 7u & v H DfsE

AG4FX 7' m & v ¥ (LA, A64FX &idiahi3 %) IZ 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 b & LT 2,048 bits £ TD Vector Length 23 EFHE X LT
5—FHT, »—F 7 xTICHEEET % Vector Length 1% 128 bits DfFE HEIRTE 5 2 & BFiH &
3%, 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) &FEIZN 2 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
%,

7 X2 Frva
v vy a2k way B CIRIEMICHEI L, R L AL CHEHATE 258 EE T % 2RET
BB, 70T LF2TY - TPLARZGEHAT L CHEBARTETE S, L1 ¥y vy 2034
7R I2F ¥ v ali2 s 2R 25 A—THoTwa,

N=Fg T - 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 2T TV Tz F - TTAE
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
2ZLMTE B,
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High Bandwidth Memory

A A4 v A% Y IZ High Bandwidth Memory Gen2 (HBM2) Z¥¢H L. FEFICE W A £ Y k% 2

L Ttw 3,

1.2. AG64FX 7 u -k v ¥ DEIT

AG4AFX 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.
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1.3.

AGAFX 7a kv o7y o

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

Core
Icc PCle

MAC MAC

L2 L2
- T -
RT
[

L2 L2

MAC MAC

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

AB4FX Microarchitecture Manual 1.7 15



2. TI9b AT o F—K T —F7
7 F ¥

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

— 2
21. T—F77F v
M%x@ﬁ$%&ﬂ4774yax%—V@W%%ﬁ@mzuaﬁnzmwxuk%<50
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

47 = v F + A7 — (Instruction fetch stage)

LII % % v ¥ =, LI-ITLB. L2-ITLB. Z VRS, da 7 = v Fofilflley = — 5 O R
ANd, M7y F -2y FPILIIFyyyahbRAKSMEEREFC7 sy F T3 R
DIEFHEERE X 1 94 2BV RK4 DDOFIEGFICOTHIEAAZ FHL, &K

TX 3,
COWTCHIEe%E TS 5, 7 = v F I N7=4v4 1% Instruction Buffer

1 > ® Taken Z3 I a4 i
(IBUFF) I —HfICfRIFE NG,
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Fa—F -

)

AT — ¥ (Decode stage)

IBUFF 225 1 %4 7 A&7z 0 lH TR 4 fah. MOVPREX vz B & 2 I3mA 6 i %
RELCTa—F%fT5, BSL2ZT—F7 7 F yard 3RS aaE<ch % poP maic 7 =
—FEINd, ERNC 1207 —F 727 F v@ i 1 D0 pOP iy iCoafe I iz 23, B A
R —vaviETLET—F7 7 F v IERO poP aric kI 5, —J7 T MOVPRFX
WA BRI & Pack WX N, H720b 1 2DT7 —F 77 F v@aHTHI3rDLk Tz
—F&n3d, Ta—FaNZpOP @fidf v - A—KicA_L—vay - 70—t LTI HFX
—Yayv e e RATFT—vavilTF 4 ANy FING,

7 — < (Execution stage)

FEITANATIA VDTN —FTLIL5OD)FR—vay - RF—ay (RS) NEEINT
W3, RSICF 4 ANy FEINEARL—Yay - 7B—([ZRSICL-2TAT Va—) v I/X
., 7O - F7 - FA—XTRITIND, BITSATTAVERDASATITA VORI
%, FICEEUHE 1T 5 BEGHE A 4 75 4 v (EXA/EXB). SIMD&FP ¥ X UF SVE @4 D
BT 5 FE/ NS BSR4 7 F 4~ (FLA/FLB). Predicate fiv5r D E % 1T 5 Predicate i &
FRNATTAY (PR), B —=F /R FTHEDOT FLRERE —HOBEHEZITO 7 F LRl
HE AT 74 v (EAGA/EAGB). 2 a 2 ETT 27 IKET 4 774 v Th b,

o—F/ X F7 +« 27— (Load/ store stage)

a3Iv b

2.2.

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—, F2E1IODAMT -
F_L—vav .- 7a—%ETTED,

« A7 — (Commit stage)

FEITEROBINER, DI FAREROMR L SO THIEEIT 5. EITH5ET L7z noP
MHEA Y A —FTaiyrand, T—F77F v el 22TO pOP s A= 3
yIETBE, TR YFDOT—FTIF v - ATA FEEFT L, 1 HA4 ALV RK4IOD
WOP 4% 3 I v b TX 3,

<A 708 «- AL —> 3 Vigs

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. AL —T gy 70—

FRL—vav - 7ua—3pOP G2 ETT-00RKIHEZDbDTH Y, Eitz vy
VONRATTAVIBBOR/NELLTH B, pOP G iEA L —v a3y - e —offladbEic Xk
S THEITENDE, 2FY, ETAT—Vev—F /R 7 - A7 =V OUUREN I T TAHRL
—vavy-78—Tbhbb, POPMHRTI—EPLYFR=va Vv - AT -2 aviLT 4 ANy
FEINDZLEICARL—Vvay - 7a—lEflang, . AL —vav - 7 —FHIC
HOP AR DIREM T, "= F UV 27 HBARBNICERT 200050, HliE, ~—Fv=
T TV 7zvFR, Frvva - IROUHOZODF L —v 3y - Tu—RETH5S,

2.4. T T A=K UJV—X
THRTULE AT F—FEFTOEDODY Y — AL Z D% 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,
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Commit Stack Entry (CSE)

TUb - FT A —XTCEFINMDET AT TL - A=KV A= XT 570D
VA THb, T—FT77F ¥ I pOP Il 7a—FEINTCSEDZ Y F D IcHY
HToihd,

Group ID (GID)

HWOP DT 4 ANy F « N —TREMT2ID TH 2%, 1GID 7 Y &K 4u0P fiv s

BEIYBTHND,
General-purpose physical register (GPR)

ARM Manual I F 2 MNHL PR ZICEH VB TCoNET—F77F v - LYV RXL Y %

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

ARM Manual IZ31F % SIMD&FP L XA &2 & SVE Manual iICEIF B2 PLL Y RZE
KEYV Y TONET—FT7F % - LYRZ LV A= IV - LYRZOYHNERTD
%,

Predicate physical register (PPR)

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

V4A—3Iv 27 - LY ZXOYBNERTH 5,
Reservation Station for EAG (RSA)

EAGA/EAGB A4 77 A4 VTRITEINDI AL —v a v - 7w —2—RIICRIF L.

TUbL AT - F—XTRITT DDAV 2—TFTH 5,
Reservation Station for EXE (RSE)

EXA/EXB/FLA/FLB/PR XA 75 4 v CE[TINE AL —vayv - 7u—%—Ik

WICREFEL, TU b AT - F—XTCRITT2720DRT Y2 -5 ThH b,
Reservation Station for BRanch (RSBR)

S RDOA R =gy - 7u—F—RWICREL, TY R AT - AKX TETT

272DDRT Y 2a—5ThH5,
Temporary Operand Register (TOR)

MRT7 v FRAT=Ino70 I 0 - ATV E (PC) DEEETAT—IICiEET 3
F2ODLYRARTH D, HARMICIE PC X D4 & Branch and Link iy 4 D A CfERH X
%,

Fetch Port (FP)

o—F/ AT an0FETIHFL2ER ST 57200 ) YV —ATH %, A64FX Tl Virtual
Fetch Port (VFP) & WRIX4L 2 BREEDSHT 72 ICE A I L7z, VFPICH L T, AkoMrex 5o
Fetch Port % Real Fetch Port (RFP) & M55,

Store Port (SP)

A LT nDFETIEF 2 EH S 27200 Y YV — R TH %, Fetch Port & [AFRIC Virtual

Store Port (VSP) & Real Store Port (RSP) 28 5,
Write Buffer (WB)

Iy MEDAMT T 2%, LID ¥ v v 2 ilEHEEAD T CRNICRET 2 ) vV —

ATH 5,
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25, NATITAV e AT —Y

TUb o FT A= REFICBTEANA TV - AF—VIconTHbRT 2, 4 754
Ve RT =V REFTATIAVEZT DA T T4 VTEITI NS, HE, e —F /AT
offiflick v EAL 3,

TR T ITAVRT =Y DF L — 3 V% Figure 2-2 2* b Figure 2-6 1783, 7ok, X
DAF—IRILL 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
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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

112|345 |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|ws
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

22 A64FX Microarchitecture Manual 1.7



26. MEETLAT VY

MEETORERLA F v, AL T4 v - 27—V OB R T — Y OERR D & i
BET, 723, a—F AT - RT7 =V DAY - T2 AFEPOT 7R RETDAT —
PHTIREIND, Table2-3 1K 54 7T T4 v e EmPicB T3 ETHBE, BFTOXTFT—YIC
DNTEE®L, TFEMBDOLA Ty vidmaEE /v ATy —BiiEEh T3,

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,

2.7. F_XT VR e N[N

FRFG YR NANREE, BEERADF T v FRETRADETREBICKTET S L &, %
TR CERINAELZ L YA X 2B T ICEitmMICET e 2 w5, EARKIC, fido
Table 2-3 ICH B5ET AT — ¥V DERICRDHDOFIAAT — VBRI L2 X 51054 N R D#E
BAFEINTHDE, L, T4 774 v emBollABbREIC L > TERF AT 47 <
NARZRCERVEAERD D, 4 T 74 voemSOEEIKET 24 <7 v Foflafbe T
REDLRFAT 4« T4 7 0V% Table 2-4 ICRT, RO AT v FERAEKT 5 ars. il
FZDARTVFEANETEMAEERT,
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Table 2-4 Penalties for Operand Bypass Between pOP Instructions

Consumer EXA |EXB|EAGA / PIPEQ EAGB / PIPE1 FLA |FLB PR
AT R AR E A A
& |8 |&|&|S|S|&|2|€|&|E|S|S5|2|&|5|5]|8
SIS |58 |8  z|le|B|8B|% |8 |% | ¢g|®|8 |8 |®|&|8
s|lelslz|(g|=|m|® || S|z |g|m|=|c | |=m|= |3
TR (|| |l=|le|BR || |m|"|=|a|=|"]|e
Producer § g g = | = ) E* 5 | = 5|5 E
I~ 12} — @» =
g8 g8 23|68
~|® ~|® : 2
s |2
= | E
Integer operation 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 - - -
EXA .
Integer operation 0 1 ) ) _ ) ) ) ) ) ) ) ) ) ) ) 71716
(update NZCV)
Integer operation 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 - - -
EXB .
Integer operation 1 0 ) ) ) ) ) ) ) ) . ) ) ) ) . 71716
(update NZCV)
Integer operation 1 1 010 0 0 010 0 1 1 1 1 1 1 1 - - -
Integer load 0 0 0110 0 0 0110 0 0 0 010 0 0 0 - - -
Integer store - - - - - - - - - - - - - - - - - - -
SIMD&FP/SVE load | ) ) ) ) ) ) ) ) ) ) ) ) ) ) lolo )
(short)
SIMD&FP/SVE load 0 0
EAGA/ (long) B . . . . B B . ) . B B ) ) B B )
PIPEO
SIMD&FP/SVE store | ) ) ) ) ) } ) ) ) ) } ) ) ) ) } ) )
(short)
SIMD&FP/SVE store | ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) )
(long)
Predicate load - - - - - 010 - - - - - 0|0 - - 3 3 1
Predicate store - - - - - - - - - - - - - - - - - - -
Integer operation 1 1 1 1 1 1 1 1 1 0 0 010 0 0 0 - - -
Integer load 0 0 0110 0 0 0110 0 0 0 010 0 0 0 - - -
Integer store - - - - - - - - - - - - - - - - - - -
SIMD&FP/SVE load | ) ) ) ) ) ) ) ) ) ) ) ) ) ) lolo )
(short)
SIMD&FP/SVEload || | | | [ | oo oo oo el el
EAGB/ |(long)
PIPE1
SIMD&FP/SVE store | ) ) ) ) ) ) ) ) ) ) ) ) ) ) } ) ) )
(short)
SIMD&FP/SVE store | ) ) ) ) ) . ) ) ) . ) ) ) ) ) ) ) )
(long)
Predicate load - - - - - 010 - - - - - 0|0 - - 3 3 1
Predicate store - - - - - - - - - - - - - - - - - - -
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Consumer EXA |EXB|EAGA / PIPEO EAGB / PIPE1 FLA |[FLB |PR
AHHHHEE IR HHEEEEREEIEE
E|&E|&|&|&|S|S|&|2|€|&|E|S|S5|2|&|5|5]|8
SIS |8 |8  g|le|B|B|% |8 % | gl |8 |8 |%|&|8
cle |l g || |=m|=|® ||| |8 |=m|=|&|&|=|= |
= = -] s S ST == |T S S < || = | = < | 7| e

LG e g|g|Z 5| = ° g = | = *lE = |2
= = = — @ = — @ =) =) I~
S |2 2| g - -
2|2
= =]
Predicate operation - - - - - 1 1 - - - - - 1 0 - - 3 3 0
PR Predicate operation 6 6 ) ) ) ) . ) ) ) . ) ) ) ) ) 3 3 7
(update NZCV)
SIMD&FP/SVE
. S T I e I B T T e e
operation

SIMD&FP/SVE

operation 5 5 - - - - - - - - - - - - - - 010 6

(update NZCV)

FLA

SVE CMP instruction

(update PR) ) ) ) ) ) 2|2 ) ) ) ) ) 212 ) ) ! ! 2

SVE CMP instruction

(update NZCV) SO I T e (B IR IR B

SIMD&FP/SVE

. S e I e e
operation
FLB
SIMD&FP operation
(update NZCV) I e A A R e L B

HARWIZRF AT 4 - F A4 73 ofEE, X CEREE AT AL 754 voflas

b%f&ié 72, W O OMPTIREROART v FCikFEEZFoC 8 TE 5, flx
EEGHECIIPHL Y A X & NZCV LYV R EZ~RARICH T 250355, oL i, #%

fw)ﬁﬁ BIHL Y RZDART vV FICkTFT 5 &, NZCV LY RAZ DA T vV FITIKFET
LEETIE_FAT 4 - A4 7 ADER L, SVE S I3 HAKMWITIEE/NES L 2 X % & Predicate
LYRXEANART VLTS, COLE, ELLDAT v FBETaaIKET 2200
STRFAT 4« 4 7R RA D, Table2-4 DERMHHICITA~T v b@@iﬁ@a’:ﬂ&é\b)@
WKOWThHRER LT3, AdiomafilizZziciitd 247 v FRATI LR 5,

7B, FIMAD i ic oW TIE LRV — it 4Tz EDd, ATV F2ERT IHHICX
STRFINT 4« A I ADBENT D, FIMAD 5D _XF LT 4 + %4 7 )% Table 2-5 IC7R
ERN
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Table 2-5 Penalties for Operand Bypass Between pOP Instructions (FTMAD Instruction)

e
=i
=
>
=}

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 B1,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 %@

WA= —

vavThoTdh,

Aok TL A Ty

Wixd, TOXI%mE E, Figure 2-7 IR T &) ICHEOMBICOWT, N4 T T4 v~DFA

ZAIVIDBRBZOTHWTHHBITDRATFT—Y (C,W) IBVTARL—va VHAEZELTLES

TeRb D, ;®l?&ﬁ?iﬂ4774/kbfﬁibE&wtb A64FX T3 Figure 2-8 iC
AT EICEFTRAT VI BTELAT VoYV BEX 52 L CHEELZREREL T3

1|2 |3 |4 (5|6 |7|8|9]|101

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

bhdibofdEe., VW BxHBoL 47T 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 %, IBUFF I3 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 AR 12 i B O I TT IR & IRSE T FL A2 FHElT 5, 72y FIhdmadlic
“Taken” & FHITNZ DM ABEEN2HE. ROMN7 = v FRETFHSINAEFEET VL
ACH D, BARREDETHBEOT 722 - LAT YL E3FA 7 LTHS, ZDL X,
Figure 3-2 IZ/R 9" & 5 I Taken VKA DEFM DD 7 = v FHF ¥ VeV INB DI NNT N
BFET 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, Hpls Bk

AG4FX D3I MRS 13 Table 3-1 1SR T I Fillges S 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 2% FiT %, BWT iZ Global History Register (GHR) & fA& £ % & & T Piecewise
linear F D7 LTV XL EFHWTFHIT S, S-TCP I3 Taken Sl a4 DI T F L x %32 1E
T5720D/NER, POELATVYIRNYy 77 THY, V' —THEERFEL - EICTFHIET
%, LPTZH v v 2 R0 v — A NG FHIER©. v — TREEIC BT 2 MFHIE 217 5 Sk
WA XS 7%, S MBRFAA TS BZEEETFHT 5, RASEITA—FvhHrbo ) X2—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 3R 4ric X 5 70 7 J LETRRADF 2 — vV %
ML, P2 T 28 CH 5, Figure 3-3 ICRT X 51T, S-TCP 3L D Taken 7 Ay s D FE
Tz ohdsFz—vEEEZRET 2, COF 22—V BAL—F %L, EITORER—EN
BalBz 5 BB L-ET R o TwmAH 7 =y F%HETRT 5, S-TCP 1% 4 O D Taken 73 fy
BORIEHT FL R EHRIFTE %, S-TCP X Not taken VIS DIFHRE MR LR \VWiz®, F=
— V& T 5 Not taken I 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 — Z VJEESIE TR TH 5, Sy
4 @D Taken ¥ 7z 1 Not taken 25850 L 7z [mI# 258k L. = 0EEZ Iy G m % FHl$ 5, LPT
X8 v Y CHE X L, i aE 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 ) XLEHCTTFHEZ T %, BWT iZ Piecewise linear IC B 2 EAT —7 L 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” @D 2% & %, BHEA (W) BFF5HF X #E T
» %, Figure 3-4 1L T & 5 sctbnil, B X VOCEADBEELH 5 & &, S&MEHI44 Bo i
Figure 3-5 (Eq.1) DAERP & LTCFHEINZ, P OLIEDE (T “Taken”. 0 KD & % (3
“Nottaken” & Filll 375, Z Dk, FIEMABRETINCTHIROERIHIAT 5 L HADOEE
BT 5, EAEROEHRIITENR I AL ZDoRTbNE, HlZIE, /I TH Bo DTl
“Taken” T»H o 7z DX L TEITHERA “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 & BB BB O T L A% d 25y 7
7 CH %, BTB it 4-way, 2,048 TV + V) DR TH 5, NI RICOOTIIDIBEET 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 =AM Y X =V T 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. Sl Pl ARG HE

AR X 912, AGAFX TIRERO FHlg 2 HASDLE THEGHOFEZIT 5, Silkdaa o
IR & B X 2 FHlgE. < O I PRIk 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 L 20 FHIKRIIRELCRHAEIN S, LPT & BWT i3
IS5 AT D A& TV, "Taken” & FHMIL 72 & %1232 BTB 28 FHlll L 7205 # i 4 %, LPT
& BWT TId 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 A DOFHAHB L RFAT 4130, SAT T4 VvONTUEREL WV,

Ya—t - A= TORESEHIEUT oMY TH 2,

® L —TEBKT RS eA IBUFF ICINE 5 2 &, i@ b, IBUFF T i3 48
WEEIRETE LD, @O T 74 AV MDD 5 2 L CHEBESLETH B,

& N—THDTXRTCORMHTDOHBITHR—ETH ST L, V—THICITERDS)
Iy ad &L EBTE S,

Eito&th#iiz L, v — 7 OKIERBA L WEE i 3 & IBUFF 20 b O a4 itis % 5
By 5, 720 Ya—F - A—=THNOREGHOTRAPEL ZHE&3aaEeRT L,
FrvvarbopAH L ZHET %,
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4.2.

—

<A 70« AL —T 3 Vins

AGIFX Tk, 7T—F 77 F v i3 —F v = TEEONTHEX O poP @y L7 a—F
EN3B, pOP A fid, V42— v 27 - LY RX, CSE, FP, SP 72 & D&Y YT ORABAL & 7
2, WOPT 120D T —F 727 F v m bBBICHEINEREINEb DL, HHOT —F
FOFXMRERALTI OO uOP @h & LTERINE L D2H 5, pOP ansr DS fv
SR/ VATV EBRERL WS, T—F T2 F v oA 43 EICTHHL Tv»
%,

1207 —=F 77 F Xafh b2 O LD poP e ~DfRicid, BE7Ta -V —rvy
Y TA-VNO2EHNEH L, TV TaA—FLE MROT 4 ANy T aly
b, BXUGID OF| Y BCIKHIRLEDH 2T a—FThd, @BET 2—Fid, ACEROT —
¥T I F XN ETa—FL, HEO WOP N % T 4 ANy FTE L, T ﬁbf\v—7
YYXN e TA—FE1D2ODT—F T/ F v DAHET a—F L, nOP mHEBERMITT 4 A%
y%?éoit\lo@mDulo®mmmﬂL#ﬂbéfé EMTER, Y—T vy
Lo TFa—FiERbmaiRaaiEt v T vy —EiciEREhTn 3

TINF 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 ® & 5 REMEE L > 7 FHAGD X > T 2 E(FIX, HERICHE I
RO 7 —TETINE, /2. NOPAPAREFL =2 a VBIRTEADDIR0 70— (£
L=y a VARELRW) L7 b, —7 T SVE @ Gather load iy 47 XM TH V. DHOT
FLAER - 70— 4HDAEY - 772X - 70—l TCETEINE, ZREND L T T4
VATV TARENARETICHE R 70 —BPRRL L L, AAFX TIRY Y — D%
PIfIT szt 2nb0ne LTARL—Yay s 70 —DHEIITE 37T FHRO AT — Y TfT
AT —FT 7 F v exoTnwd, AL —vay - 70—0RFNIU TSN TITL4 v AT =
I CfTbiL s,

TaA—F « AT —3

WOP @ E % I FR—vav - AT —vavilT A ANy FFrLEcndlansg, RicmaE
D7D IHEREN B Ie 2FFT 4 T T4 v COYEPBBE RS R EBHRTH 5, RFEHlE L
TAMTWMERHD, ALT@ald, RSRAICT 4 ANy FINIEMT FLA%EIHT 571
— L  RSERXTA ANy FEINET—REE7u—D 202k pElEns,

EITAT —2

VHFR—=va v - A7 =2 aVhPoETA TIA Vv ~RfTEnd L icnElsng, #HD
R 2EEEZBEVRE LTI MPBNRTH 5, RFEMHIL LT ADD (shifted register) ma3dH 5,
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ADD iy D pOP i3 7 4 A8y FHEZ | 70— BBI N ZFEDR, VHFR—=va v - X
T2 aVhORITATIA Vv~FRITEINB 2Ly 7 VgERfTY> 7u— L E%2{T5> 70
—D2DICHEEING,

H—F/ AT + AT =

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

AG64FX TlZ MOVPRFX i I3 FEAHY IC it D YE Mt B L FE & X 2. & 722 Bt 1 23
FTAL T 7T ATRETHLPDOLIICIREHES LHIcTa—-Fahd, ZoffaUms
Pack JLBH & WE55, Pack JLBRIZ 7' ) 72— FOH | A7 — VI TITbiL. Z DRI noP fri s fig
195, $7bbH, MOVPRFX i OHTEIZT 2 — FIED pnOP iy 8IS HE R 5. 2 7o\, pOP
e DRI HAE Mt B D JEED A TR E 5,

—77C. MOVPRFX fir4r @ Pack JLERIC (ZWFILEREIC AT o fl#I 235 5

& TIVFTa—XDOEIAT—Y~DANEF, 1 H A4 7 10B7 Y &K 6 M.
¢ TVFa—XDHE1RAT—YTDPack YHIZ, 1 94 27 1H7- 0 K3,
@ TUVTa—FDFEIRAT—VhrODOHIIE, Pack LWL DM A TRA 4

AN
Mo

Lo, TSI ACETET—FT 7 F @ HOWFIC Lo TET Y Ta—Fo
AN—=Ty FPET T2 LD 5, —fil% 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 10T X 5 1c, AUGAEETa—F3 3 & ¥ Th->TH MOVPRFX @y
G EPWEMIM RO RICL o TAL—=T"y PRERR L, MBATY2—) VI ICHHERS S L
FILRROHNEFZET 2 2 L 2T 5,

4.4, fymTa—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—FLTCT U bt - A7 - A =X VY —2~DE
DUTEITI,

(I PD2
] ] -
o — or

to CSE

Figure 4-3 Instruction Decode Stage
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44.1. 7Vs5a—F

7Y Fa—FIiZPDl A7 —Y 55 PD3 AF—JIcTfthbNs, 7Y Fa—FTliEEic
MOVPRFX it 4y @ Pack JLHE, pOP iy ~DorfiEhfTboi s, PDI AT —Vd 7 —F 7 7 F v
4T 6 A E D Pre-decode Instruction Windows Register (PIWR) %¥¢bH. IBUFF 2» 5 ]\7] 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>
T4 AR OMHL VA RX 2D,

¥4, 7Y Fa—KIIPDl 27—V T IBUFE 2 L aivs 2 MY Hi L T PIWR A& § %,
IBUFF 25 D5 AH LIFTEEDOT7 FLAS LIV ) 2 E/2WTITH 2R TE S, Hialdh
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 %
Ty Tftbi, CoflfEEZT L5 ICmariAtT,
® Sy I —EICHEEUEFE A L TRE T H B A5, "Taken” & Tl & iz syl 4y
X 1D A,
®  Taken Vil & L7243 I A4 D 43I S 13 R IR 1 Fe o 2 7 v

PD1 A7 — T T Pack A2 TN 2y id, PD2 A7 —¥ 25 PD3 A7 — I 1) T pOP
BREBITHOIL S, pOP R fRICIZLA T OflfI 2 H 5,
®  Taken /34y i3I PD3 IC B W TREZRBICHE S S,
® 1DODT7—F77F v nhb3 DL LD OP MR HEIND & X, Z D poP
e DAL PD3 IC B W TR LELE S Lk T g by,

Y=V x N Ta—FDEEEIDAT—VICT uOP R DEHBITON S, Tk X,
=V s T a— Fﬁ%@unﬂ IR EIC @E%‘éﬂ&ﬁﬂ Thabhniiliind 3729
PD2 27—V 25 PD3 AT —VICEL N B RE T, WROMEH 1 fiyd 2 2REREICHE S
X icmaintions,

ZNZ 1 Dfl% Figure 4-4 2> b Figure 4-6 1783
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PD2

Inst.  # of pOP

v
iwro H [o][ ][ ]
wri H [o][ ][ ]
o n (o] ][]
IWRO_L
IWRI_L
IWR2_L
IWR3_L C

PD2
V  Inst.

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

wR_H -~

Taken branch TB must being
set at the end of instruction
list of PD3. PD3

@ Next cycle

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

# of nOP

PD3

WRo L [1][ D ]
IWRI_L
IWR2_L
IWR3_L

TB : Taken branch instruction.

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 DRAR% Table 4-1 IR T,

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 ICRFT X ST, GID IZT 4 ANy F - FA—THCEY Y THNRE, —J/T. CSE
DA4TY IV BHEZYGIDIF 120N H D, T4 A5y F « 00— 728 4u0OP iy Al ©
HolA, CSEICIEIRMFHT Y P 23H 2 RETGID 8E Y HTHN B,

FP, SPOE W BT m—F "R +7 - 2=y b COUMESTH 5, FHMIE 7.3 FiCTH
T2,
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4.5.

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

p/\:li/]‘

aIv b ATV CHEBENICETINGDOMENTON D, DS DI S AMEE
LHINOEERGE L EEITVL, MAETE T IR TCIVEHETRE e/ 4 - F—LTa iy
FEITW, TRy IDOT—F T F % - AT — b EWEET S, Figure 4-7 IC7R3 L H T, CSE
24Ty VBT OA—FLE N, S —FHATGID BE D Y TohTwB, CSE~D
pOP v s DE Y T3 GID i TfibN b 2 5, CSE D, Thbb@mbhaIv b
GID HfiCHEfi I h 3,

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

MHEI Iy PRI RSTL A=K THRINDGTZD, CSERNDRD HTWama23dH 5 CSE 7 v
=7 biTbhd, a1y FOEERLUTO®EY TH 2,
® [FRicaIy ;TE3GIDIE1ID, T7bb, CSEZNV—T2EnTDIIY
METE R,
® [f— GID 231 » T o N7 EEUEH D pwoP mr A iFFFic=a Iy F T 3,
@ IV IFTXLGIDICETZ2HTHRDEHWV POP ik, F—GIDND LV HTL
W UOP i D ETH T 2Rz Fica Iy P TE 5,
HEEUH D Taken /ISR IC2 T v P TE R,
o NIEMAEATHI AL T WL Eid, ZoNEmaEcaly r LERomS %
ES 2,

® 12007 —F77F v nEEED pOP it EE NG E, 2 1y FEAK
% pOP M A HAI CTHIRETH b, 772 L. PCIIRED pOP meAa Iy Ik

FEmCHFrI N5,
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4.5.1. No Exception Mode

AGIFX TIZE/NBUTER OFISN OE D AL BRI N WERED L ¥ica I v F &2l
[ROFIEIL T 2BEERREL T b, ZHICEYV AT IA4 v - A7 —-VEEEZEIL, TV
FeAT A —FDY) Y20 5HKMEFEMEL T35, FPCR Y AT AL YV RAXDEEDR
Table 4-2 @ & ¥ IZ No Exception Mode & 72 %,

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. AT ITA4V T Tvia

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

;[Flﬁ‘llﬁﬁ77‘7‘:/l

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
NIRRT T2MERT_RTa Iy P LTWEZeDERERE, Ny 7TV FDT7 Ty vad

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

FHEH 7 7 v o=
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

4.7. iR 75 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
o
&
o

17

Pre-Sync
ZOHIHOXNRTH 5 wid, ERTO MRS
b,

S P ERBETTI—F - AF—VICHD

14

Post-Sync
ZOHIHONRTH Bk, ZoMA Iy FENZETHREGNETI—F - AT —

IO 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 ZHWDHET A TI4 Vet RITTES, RSO+ U I CSE % FP
/ISP DT b FT o F =K )Y =R TR 7&0\ MEBFHITIND LFRZING, EY
WTERID AT —II2 DWW TIE 2.8 ED Table 2-6 ICEBR L T W3

ZRSIEF2DODEEZFAAFR - L 2DDRKITFR—- L2 ZNTNFHFD, TDOFR—DRSICT
ARy FCELMAIE 2 HICHIREI NG, FEERICFE—D RS 20FKITTE 2wz 2d T
TL kb,

WmEDT 4 ANy Fl@ik

A64FX TIE RS L FEITA T 54 voEHERIL, AL —vayv - 7o —OFHICL > T
T4 ANy FTE D RS ICHIRY D 2, HlziX. EXA A 774 v CLAFEITTERF L —
PaVIFRSEQICLDT A ANy FTER Y, TDEH, AL —Yay - 70—DF 4 A8y
FRIFARVL =Y gV - 7u—=RETAEER A T T4 VEBEWER2ERH L, KETIIT 4
2y FEWEDBHD 2D, AL —vayv - 70 —DF 4 A8y FA[EER RS 2@ L <
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Table 5-2 D X 5 ICEFKT 5, b, 7~#%7%«mnaﬁ«v Yav . 7u—kZDHEFA
A7 74 voEEIcowTiEkmaEE/ vA4 T vy —EIcEE#LTn»

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 —RE LTRS DIFNIC Temporary Operand Register (TOR) %
B Z2mandd, TORIZTZTO T TL - Ay v AL LEARICART VY P ER#fT LY X%
TH 25, TOR 3L fir % Table 5-3 1T/R 9,

Table 5-3 Instructions That Require TOR

Attribute Instruction

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

BL{R[}

MRS

TOR

53. frm DR DR

27 ETHBRIZ X ST, AGAFX TIIRZELZFET A T4 VITHRT VF - NA NPT D
N _FAT 4 DAL B, FRICBHEHEEGS IAROEEL 4 Tyt 52F1rT7 40
HEPRENZ DO, MRETAERT v MERERS 5 L ZIIITRERR Y [ LFEIT-X4 75 4
VICFHITT A EDREFE L v, ThEERT L0, AGAFX 137 3 — Fiicmdllor~7 v
FORGFEEBERBLTWS, Ta—XRUTOEERTRTHIZL 72 & ZichmPHMIcikESH
2 L ¥ B,

® EXA, EXB,EAGA, EAGB 54 75 4 v CHITI N3 BMHEE 4. SFREE
G, V7 banTh B,

o EETIHIE2MmAMOART v NIRTFEEGYEHE, dLF2mbLdic
NZCV LV A Z B2 L T 5,

o Ehifllomas RSX @M. £ IIRSEBETH %,

A OKFERERERE T 2 &, WRDOM4 1 Dependence 7'V — 7% BT %, KFEREHRD
M E IR 2 il cfThb i 5 72 ® | Figure 5-1 183 & 5 IS 3 % iy 4[] CIRER R 23
H % L ZIT Dependence 7V — 7 A &b, 7, Figure 52 ICRT LI WCTa—F -4 v
FUBRAEZ2GHMICENTRTa—F - 74 v Fvoxay b 0omat, | OHOFa—
Fevg4vFvozrmy bt 3omaicRo CTHIEBIR Z i L C Dependence 7'V — 7" & B C
%5,
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Inst.B is depended

|
Slot  Inst. /onA. | Slot  Inst.
|
3 0 A B 0 A
3 LS .
K= 1 B : S 1 B Inst.C is depended
A.
: \ 2 "
-8 2 C Dependency group : g 2 C
3 8
=) 3 D : =) 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
£ 1 B ! E 1 B
= -
-8 2 C Inst.E is depended | % 2 C
8 on D. : 8
O O Inst.E is depended
@) 3 D : @) 3 D on C.
|
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 Ay FIE

pOP #4313, CSE. U A—3I v/ LY X%, VEP, VSP OE[ YV Y THRRETT B L, AL —¥
a2y -7u—2LTC, RSET A ANy FINE, COLET7un—DRERMTONLIGHDLH
%, RES~DT 4 Ay Fid, T 4 A%y FJEME R Dependence 7' v — 7, RS O Y F U
BREEZEBLTCEVIRY PIEING, Ta—FIFRIHIBL @SB T 4 X%y FEMEZ &I RS
HORONAN A% oTEY, ZONL—N%flioTHEKL 3 RSDE Y YThEBRET S, *
NFNOE VRO L —LICDNTE LD D,

RSX J& M
RSX &k D 413, RSE0/1, RSAO/1 DEDRSICHF 4 A8y FTE 3B, RS ~DIR Y /0
2 Table 5-4 iICRT XS iIcTFa—Fpzruay P ZEICE Y B ThREZRD 37— T NI FEDWTET
bhzd, 2OF—71riciZ, RSOUHBDO AT v 2% L 27205 O2DE VIR 2 —vHR
INTWwb, PO RSEm/flX, 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 J@ 4 & RSA J@tEdm 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% V|, 7> 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&:7ir4> £ RSE1 only EIEm 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
BITbN b, thaaideian L FE L RS ICHEEICEI Y BTBRESI NG,

Ta—F - A7—=vofKAray tomaid, @il ERROE VIR L — it o WTE D 4T
RSBREIND, DD, Ta—F - AT =V ETIE 3 mHLh Eoma s FE—o RS 1ICH]
DLBTONDEZ LB, FRSIEFE2DDHEZIALF—F Lo Twinky, FH—347v
K2MBETLLT ARy FTERY, TOHA, HIDD2MBDRT 4 28y F 2T, &
DDMHIET A4 ANy FEINR L, WOTRDIAIALTT 4 ANy FENDI LITRD,

¥/, TOR ZHHT 24X TOR ICZET Y F YRR TNIERL T, 2o F—3A4 7ricl
WMALDLT A ANy FTERVEW LD B,
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6. AT

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
FIT A T4 VICEEI LT RHERCTEITING, maFEfTL k. JRETEe—F /X }
TWHDAEY « T272RAETEHELD, AETRHEEGHSOBEEZITI N4 774 v, LR
—F/ R TMEDOFEMT FLRER AL T T4 vDT FLRAEHBER T — V5% E T4 77
AVvELTHYES,

6.1. o FeT

ANV —vay s Tu—RY =R A7V SRR 5 L TRS ST 5, v —
R ARGy FOHHAREIC 7 o 72 7 v — 13 FITIREIREBICERS $ 5, RS IZFETWRER 7 v —
DFp2H XV EHL, 2o, BITHRDOANA T4 vHIMERTIHER D D% #IRL THRITT %5, 2
RSACAT Y a—lvr7adndao—F/ AL TFOFRL—vay - 7a—4EETHSE, =

L— a3y - 780 —0OFfTIFHEANRNIC RSE0, RSEL, RSA 237 ICHilf#l & 1 2 23, HEDET
ATTAVHEBELCT o — 2 ETT 2 HELRDH 5 & & ZFEMHE %75, £72. RSA0. RSAIL
IZZF NEFNEAGA/EAGB A4 754 VICIEATE 270, HIcHEWICEBL CHEIL T\w»3,

F/m, BEfTAT -V TOLIRL—vay - 7u—0HoNRO 70— oRicHEENn S,
ThDL RSO 1TV Y 2L 2B EDT - KT SN2 B L 55,

J_l_,/—‘ o O

6.2. FET AT T4V
EIT A4 T4 v e EREHEROMAEDE R Table 6-1 10T, FEIT4 774 Vg KELS
R ToN, TNEND L TITA4 VICRHEHERFETH 2HEE2 =y PAREI N TV,
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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 D70 OFEIR L . SR ERE % £F 5 724 ALU (Arithmetic Logic Unit) #°
FRINTEY, BEGHEG DO —H 2 ETTE 2, FBE/NMNUEER X SIMD&FP & SVE ©
HEMAEETTE 5,

Figure 6-1 ISR T X 910, FHE AL T I74 viFZNZN) FR—vay - AT —v a3 (RS)
KEIY BTHNT WS, BRIICE AL T T4 I3 L CEIET 345, EXA A4 754 vk
PR ¥4 77 4 VIZRSE0O DRATHR— 2 G T2 L LREMKICHEEHZRATE LWV E WS
WRd 5,

TFLRAEEROANL T74 00, v —=F /AT - A4 T 74 vicEiREIn T, v—F
AT REDOENT FLADHEFHBIEE R —F /AT - N4 774 vicEbn b,

] 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. ZuvxvHIHE

W OPDARL =Ygy - 78—l @ZE T4 VB TE RV DR D, TDDDH]
f{z7Tuy Xy 7y, Juyxy SHlHciz 4 TIA4 v - Tay v reER oy 2y
THRHb, XATTAv - Tayvxvrbid, B4 774 VICBWTHEZFETL WS &
T, ENBHRT T ECEROMDREITEZINTR0Hlfced s, HETw Yy v e, H
%fﬂv#V7@Fﬁ%%Omn%£ﬁLfmék§ ZENPETT2ECHLERE 2y F v

EBEOGERITEZINTIRVEIHTHE, 4T T4 - Tuv R I/ TRIEDAL T T4

K75 5 ki A b FEITTE RO L, HE 71y ¥V 7 CRETTE Rkt alit
ﬁﬁ7ﬂy#77m® BOHLTHLEVIRTHRERS, FliX, HEZwy v 7l Th?
SDIV i3 EITIC 9~ F A 7 A% TT 3, Zoe &, ETETETHE vy ¥ v 7RO
%ﬂi%ﬁf“?ﬁtb‘ﬁ;\ omATHNIRITTE S, Bl eo7uy v rEEiiawnEE/
LAF Yy y—EBRICTHL TS

64. YHEHL AKX - T7F7 0

AGAFX DYIEEL VR X « 77 A0, T—FT77F % - LYRZXOEEI LI oNTE
WXNTVWE, BYHEHLIZAZ - 77 AADERBLFE— ., BEARE— F LETAL T T4
v DR R % Figure 6-2 IR T,

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

HH Ll LIl
| PR | ] GPR

FPR
PR
| GPR
i FLA ; : PR ; EXA : FLB ; : EXB ; :EAGA;‘ EAGB
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.  FFER 7 e il i

6.5.1. Merging Predication

Merging predication {578 ® SVE 4y 3 Predicate L' ¥ 2 X DEEMFIC L 5 TCT 4 AT 4 42— =
VLY RZEFNICHEFIT LI LB TE S, TDL E, Inactive R ERIFRIMELA RIS N
2, A64FX Tli. Z OFifEREOBELZ HEK ORI T4 AT 4 2 —vay - LYRZL
DEBREDOFINWIESIRIMEL LTEREL TV, 204D, TR T 7574 Taf L ERRICT 4
AT A A= aV LYREAPY =R - FARFVFELTOUHEAING Z L ICEEPHETH
%, 7%, MOVPRFX fiy4r DEHiIC T Zeroing predication Z /"3 % Z & T, T4 AT 44—
IV LYVREDY =R - F RV LTCOfFRAZNIET 22 &R TE S,

—JTTA43ETOFHHD X 512, A64FX TliX MOVPRFX fir 4 ICfE Al & 4724y 13 Pack JLIE &
NTIO2D7 —F77F xS e LTTa—FaENn3, Pack IR X L7265 D pOP fir s o fifL
FEARWICHIEMIO T —F 7 7 F v e B OO REICE L v, L LA b, 2 OEAIT Merging
Pmmmmﬁ%iéﬂfwékgﬂﬁ@\ﬁm®mwmﬂﬁ$ﬁéh5i GBH B, Nt i
WDEIECT4RT 4 d—vay - LYRXOEAMUBLEIC R Y, HEMOMmMYICX > T
Pack LEHED YV — R + ATV FER 1 fa i H 72 ) OFEFL Y 2 2 5AH LEO ERZ#E 2 <
LEIRDTH2, 2L hGH, VYREHANLOZDD nOP in S BIMAEKT 2 2 &
TLYRAZGHRAHLBORIRZFEREL T2, BMI NS LY AZFEAML pOP @i H I3/ KT
IWOP M TH Y, EfTVL AT VY34V 470 THB, ZD uOP M4 id#HE DR noP 4y
EDRICRFERDSH 5 2 L ICHEBESSLETH 5, MOVPREX 4 ic &Rl X 41, 2> Merging
predicaion $ER D & ¥ IC pOP My 2sEM T L d @ idmaElE /L4 7 v vy—BEiciii T hcwn
2,

6.52. L & X[LsE

PHL Y =2 & BE/NIEL Y 2 & Predicate L ¥ 2 X ZREBTVICHEH T 2 @43, 2zt h
DL YR ZDERIET 2 720 IR AFIHALETH 2, iz, EPHL Y2205 L
R P eFEERARR—FDBTRCOET AL T4 VERRICERL ARV TH L, 207
O, HBOANAT T4 Vv ERERPI R THEZUEL Tnd, LYRXRXDOMREDE LHRXST
M X O FEA R 270, FlEHC AT %,

MNHL TR Z 0 IFE/NIR L ¥ A X~ DHRIX
FMOV (general) #14r. SCVIF fife &t T, V—R + LYZZIPAHAL IR Z, T4 %
FAA—ay - LYRZXICSIMD&FP L YR 2 215E L= E0FfETH B, ThdDHmS
. PHPBEL O ZA 206V —R - AT v FemAhNs EXA TETI s AL —vay -
70— (EXA 70 —) &, FE/NUIPIIEL S 2 2ICART v FEHEEIAD FLA TEfTEh 2
AL —vay 77— (FLA7R—) LHEIINTHEITING, 7a—F{TOXAf LF¥—}
% Figure 6-3 IC/R T,
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1 2 3 4 5 6 7 8 9 (10 | 11 | 12 | 13 | 14 | 15 | 16
EXA flow D |DT| P |PT|Bl |B2| X

17 | 18 | 19

FLA flow P

U | UT
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

FEHUNUEL A Z 5 HL Y R X ~Dii5ik

FMOV (general) 4y, FCVTZ* @f7z Ktk T, VY —RZ + LY XX IC SIMD&FP L ¥ 2
R, FTARTF 4 F3—vay LYRRICHALYRAZ%2EELEL 208ECH B, 2hdDh
FEE—=F/RET - XA TTAVEFSoTART vV FPIREI NS, FLAICTEITI NS FE)
INBUSIBEL A X5 Y — A« A RT Vv R EGAHTAL—vay - 7u— (FLA 71 —)
&, B=F/ AT - XA T T4 VICTEITINGPAYIEL VAR ICART v FEEZAD
LD 78 —D 2 2B ENTEITENE, LD 7u—30/1 BFDELLD AL F T4V THHE
fitc&s, 7u—FEfTOX 4 LF ¥ — b % Figure 6-4 1", ¥, FLA70—&¢ LD 7u—|3
EERIZIERBITH 5720, LD 70— 3 X LB FDLA I v I TEITINS BEEDRH 5,

1(2 (3|45 6 | 7|8 [9|10|11| 12 | 13 | 14 [15|16|17

FLA flow D |DT| P |PT|PT2|PT3|Bl1|B2|X |U|UT|UT2|UT3|UT4

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

2 LD flow AT

M| B | R |RT |RT2

C|W (W2
Figure 6-4 Flow Time Chart of Transfer Instruction from Floating-Point Register

to General-Purpose Register

6.5.3. FEIEHALE DEE

AGAFX CTIIFBVNR R DIFEHLBOEBE 2Rk 7 e v ¥ - E— F AT —F

77 CTHETLTwS, 2ok, FIERIBOEREICETZ LA T vy, Av—7y MIIE#H
LB DERDOZN LI EE DS, —fle LT, KD FADD (scalar) iDL 4 7 v & 13K
WHAILTH%, TOFE—FTCREHEEUEDTRICA Y - =&, pOo7 vy F v

NB70, HEDOF~L—vay - 70— LCETERREMT 2,
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7.

A - T I7€XA

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 OBE

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 OQutline 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
4 % Virtual Fetch Port (VEP) &, @ —F /X + 7D 7T 7+ ZJEF S EH 3 3 Real Fetch Port
(RFP) 28I N T3, VFPIZIZT a— FHFice—F /A F 7@ad 4 v+ — 2 CElY
MTHNB, RFPICIIu—F /A FT7DA_L—vayv - 7a—RETINELXIT, T
b AT F—XTEYYBTHND, VFP, RFP & b I B DFEITHTT L 2Rl Cfif
WA E Y, AV - A= XTI NS,

Store port (SP)

AL THROETEFEALT « T—2%2EHT27-00F%F2—-Th %, HDIEFD
B % EMF % Virtual Store Port (VSP) &, B —F /X T DT 7 XJE)FHEHT 5 Real
Store Port (RSP)2S KX N T3, VSPICIET a2 — FRFHICR F Taadsi4 vA—2cEY
WBTHNE, RSPICIEHARAFTDARL—va v« 7Ju—23FfTInsexic, 79 F - F
T oA —XTEYYTOENG, VSP, RSP LD ICA M TR aIvyblL, AT - F—
& %3 Write buffer ICEZIATN S LRI NS,

Write buffer (WB)

SPICHBALNT - FT—Z%ZLID F % v ¥ 2 ICEZADANIC—IFNICEET 25y 77
ThHd, ALTHHDI Iy FEIEE LID X+ v P a~DEXALINEL DEET 2720
KR LN Tw3,

L1-DTLB
T TR ACHERT P L ALEREZHRF TS 1R TLB TH 3,
L2-DTLB

TR TV RRACUERT FL AZHERERIFT 52X TLB TH 5, 54 774

vERREHN WA, m—=F /2T 2=y PRICEEI LTV S,
LID F¥¥ vy L=

LID¥ ¥y > a7 —%&X7ERERRTFT 2 RAM TH 5,
EAGA, EAGB

O—F /R FT@HEOFENT FLAEZERT 2HRABCTH L, A=y MKy Eh
W, NATITA VAT =Y ETRP ATV ICHIET B,

B—F/AF7 2=y PCBWTE2AK (0F., 1H) 047 T4 vpEEINRLTHS, 2
KDL T T4 VIFERIZEAROEEEZE L TWE, LID¥F vy va~0HEZARY 7T
A MBI OWTIZ 1S TITA4A VORI TE S,

O—F /A T7DRLTF54vFa—beny 702 008EE— FifoTwn3, b
DEEE— Fiz. BEAWICIEGHICL o TRE-> T3, BMHOBEE—F L Hu—F@adHo
load-to-use L' 4 7 ¥ ¥ % Table 7-1 IC/R T, 7272L. 29BDL A4 T vz o~/ %>
I, AR —vay - 7 =3B AHRAT -V THEETIZHGICEVA Tyl VB ABTET
%,
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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 - -

7.2.

02— K,/ &7 DAY

0—F/RNT - X4 T4 00F, FIKa—F /A MNTHHEDAEY - T7ALLID v
Y aDT—R T ANSTA RNy 7 BNET L, RO RBUTORERRRARL—va v -

7u—TUHEIND,
LD 7 u—

O—FMHDAEY) « 72 A%{T5 70—

T a~DT 7R ADTRTCOERERIT S,

STO 7 v —

Thb, [RETFLREHE LID Fv v

A FTERADIRIET FLRAZH L LID ¥ % v a®X ST 7 RA%{TH) 7u—Th
5, LID ¥%¥ v a~DTF—XDEZALIITbAEV, 27T 722432 L TLID
Fryranbky b FxvZEITI,

ST2 7 & —

A+FT7F—2%LID ¥v v allEX AL 70 —Th2d, 1 H A TT74/TDARE

Tt 3,
MI 78—

TR« T ANDHD Move-In BEZITH)> 70 —Th b, 1 FryvyvaFfvo
Move-In iC 4 70 —%MFEEL T2, 0/1FDWAL 774 VHBREML T2 70 —F2EfT

ERR
MO 7 o —

FA LN Y 7DD Move-Out BE%#{TH) 7u—Th 3, EANIC1FryrvyradAg
YD Move-Out iC 4 70 —%2 L5235, 277L, FA PNy INROF vy v aTFfy
Dclean THBEEF2 70—l d, 0/1%F Di 4 7I74VvHPRIALT2 702 -7
o, ¥ 1 7u—F0ETT 5,
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7.2.1.

v — 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 —AEITHREIC 72 % & RSA 2 b FfTE %5, EAGA/EAGB ICTEHT F L 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 bEftdh Tk
D, ENLOARL—vav - 7a—bFETT5, YOoFtL—vav .- 7a—%%ET
TEDEIERAT P 2 — T BRET B,

“37 IZHWT, EAGA/EAGB 2L AIN/Z LD 70— A 7 YV a—JIGERI N A D
572 EIZ0/1 B TTA VITEAINAR G, LD 7 8 — (3 RFP ICEITH[EIRIE CF
W5,

LD 7ua—30/1%& 4774 IZTLI-DTLB T7 F L AE#Z{Tvw>oD, LID ¥ v v
YaDR T T2 %HAHET, LI-DTLB & LID ¥ ¥ v ¥ =2ick v F 5L, gD~
ATFGAY AT =VIR>TCT —Z&GAHL, LY RZ KT —2%FEAL, LD 7
0 —DEFTIITTT 5,

“5” ICTLI-DTLB Tk v b L7a\r & ¥t L2-DTLB & Translation Table % BB ICHRSR
L. 7 FL A EREATUS T2, LID¥F ¥ vy v 2 I XD TR TMOF Yy vy
BELOT — 2 ZBFLT —X « 74V %(TH, TOLE M 7E—L& MO 72 —0FE
Tans,

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

LD 70 —BETETT5em—F poP @iz =2 I v FA[fEE 72 %5, VFP, RFPO TV |
Vida iy b EFET, BITOor—-FBET LTIl hs,

LD 7u—DMERIZ LI-DTLB £ LID ¥ v v > =itk v P+ 3RO, HEAWICT 70 —T%ET
T35, L2L, Fvyvia s IZABRETEENL T I V~OFEABMBEICR 720, LD
7u— 1 3ERNETING, F/z, %D Multiple Structures A4 =° Gather / Scatter fiyfr i3 7 F L
ZNR—=VIZED, Frvialley b TR EETOERD 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 4k STO 7 0 — & 7 — ZHE 7 v — I F ONTT 4 A8y FE b, STO
—ERSA LT A ANy FENE, T—XE 70— A P TaRfFaO 7 7 —T,

ANTT—2%BLYRAZL RSP CIEET 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—238RDY) 72 2EHTZ, &5 T STO 70 —DETIIFET T

3

7. “6” ICHWTLI-DTLBICk v P L7x\ & Zix, L2-DTLB & Translation Table % EXRERYIC
MR L, KAET P L AZHERE S 5, BUSHIC STO 7 v — 2 AT 2,

8. ‘6" KBV TRERBEINAEZT—XERDY 7T X MiE, STO 70 —DOFEFF L IIHILICF v v
Va s IADNEEFTI, COLE, M 7R—E MO 7R —DBETINTT—X + 74
AHBTbI D,

9. STO7R—C,T—XEGR7 B —DETHTTTHL, AT pOP @i I v FA[EE:
%, AFT uOP @A Iy FEANBE, RSPLOLALTOYET FLAET =&
WBicHEhz,

10, WB»5H ST2 7R —WREINTIHFENSNA 774 VIEAINS, LIDFr v otk
YT BETF—REEXABEITNST2 70 —DETHET T 5,

1. “10” iCBWTCLID ¥y vy o IABFEELALLZTER, HEFrvy 2 - IXONH%E
79, Frxva s IZPFRINZ L S2 70 —2HEALTCTF— X EXALELT

50

AFTEHAIEISTO 70 —ClRTF—2EZXRALRTONRT, MbhDa Iy FRICST2 7u—T
EXALEITI, HIC, STOZ7H—¢ ST2 70 —DFNFNTLID v v oI ARRKET
ZUATHEMED D B Z L ICEBEBLETH B,

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 70 77 L« =X DAk
ZEHT 5, ZNITMZ T Fetch Port/ Store Port (32— F /A F7DT7 FLAEREHFLTAE
V- T 7 ZADFETIEF S EM T 5, AE Tl Virtual Fetch Port / Virtual Store Port & X5l 3 % 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 3, RFP/RSP IC1x VFP/VSP O—{D v 4 v F Ui~
vy 7E¥NTWwW5, RFP/RSP ~D~y 7F, v —F /A FTOFRL—va v - 70— <
—Yay RTFT—varvhroFETINDLEILfTbIhb, RFP/RSPOZ Y F VELL Rz~ y 7
TEhWie®, ZOREMARITHMBEI NS, VFP/VSP X7 2 — FIRFICE D ¥ Torh2Dic
LT, RFP/RSP I FETRICwy v 7rE Ttk vz, o7 a— FRHCHE
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72 RFP/RSP #Hli{CT% %2, ZHICX>TRFP/RSPO LY U REICEKT 272 — FiFo =
F—aAZEEL TV,

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&V UTHIZGMATEIC L o TiHRE o T3, FEARMIC T — Fid 3 1 pOP s icxt
LCFPO 1Ty FUAEDBCTOHND, ATt 1 pOP @ icxf LCFP & SPDOZNE N
1l IDEY B THND, —H T, SVE D Gather / Scatter 4 X I SVE @ LD[234][BH] /
ST[234][BH]# 4712 1 pOP 4ot L THE D FP/SP O v F U BE b YT oh b, K@mHoD
FP/SP D& D Y<HIdmPpEL: v A4 7 v —ERICHEHL T2

7.4. Write Buffer

AGAFX Tl a Iy PLAERMT@WAHADT—2IEIWBICEEN, ZOHBATVa—FIL»>T
TEDOXA4 I v/ TCLID ¥ vy vallEEZATING, ik, e aIivieFryrano
BEARL VI 200BEEZNHET LT, IV PDRF—AFHIRT 2RO VLD D,
WB ZEAMIC I Ty PV BHY 6454 b ThHY, 28TV I IS, LID % v
Va~BETADEROT -2 BTS20, SPEIFERD, TRLRADT 74 AV I
BL TS 2, WBICIRFFENZ T -2 13, 2OV A XIGLTHYI AT FL R - T74 2
VR EDZRENRD D, TIAAY MHKNGERL T, WBICT —22EHZALRICT—% - =
=V, TR T AT )y PPN BERRET 2HENDH D,

TR ew—=Y, T—X A7 Y v +bDO—fl% Figure 7-3 IR T, WB 264 N4 PROFEEA
AT —RERFFT 2L E, 774XV MZ64NAL P THDIRVERDHDL, AT - T—2DTF

LABGARNA T« T T4 XY PThOEGEITE, ”—&uMﬂ4Fﬁﬁ?x79vbén<#
b WBICEXATINSG, KAIC, SPHOLANT « FT—22EXADKECETTZZ VMY

TEERD DHEEICE. Zo v Y ﬁbfiﬂﬁﬂ’\] T — 2 BEX AL L=V F 5280
TES, v —VIEREITZ 2720, 72BN OGHIEILID ¥ v v a~DEZARM
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BN AR B 20355, s, WBY—VEAEY) - A=K v 7 OHilfINTIT 5
2%, EigfriizL e ThitbhAavigad &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 FYBNEHT T —2RL~—VBREOBEIMAICL o TR %, FAfR% Table
70 1R,
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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/RAMTDTI L - FT  F—X
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

Thidebnv, AEVERFEOD S A Tardr e v — N3N LT o 2 2 o @k ClEF

L% LT3,

Store Fetch Interlock (SFI)
T TE2ALTMHOLID ¥ v vy aHEAR, Thbb ST2 70 —0D5%E T T THEiE
DOu— FMFOEFTEFFLEIEETH D, BITAFTHEOYHET FL A2MEE L T
2LEIF, BFEOD-—F@HDOLD 70 —130/1F A4 774 vickAEnd, Bfrx b
TOTFLRED—HEHMNT L LETEFy L, LD 70— RFP TA + 7D
TE TS 5,

NATTAY 7Ty va
HATA L TRHOYET FLABKRMED L 2DBETH B, KITA L THHOYET
FLZBRMETEORETREHEOT - V@D AV IKEFELZREBTE RO, BHED
o— F@fa D LD 71— 3 FEMicEirahs, 2ok, BITAMT7@HO STO 7a—0
RIRFICETHE O — P07 FLRALHEKT 5, Zhick b, A ) IRESKRIE X
NBERFT@HHDAI Y FFITAATI4 Y » 75 v a%fTwv, v— N aHET
Ihb,

7.5.1.  Store Fetch Bypass
AR X 512, Store Fetch Interlock (SFI) 13 A b TR EICTE T T 5 L THitO v — iy
DOFETZIEDTLED 22O R~DHERKE V, ZOXFAT 4 2T 57201
Store Fetch Bypass (SFB) 23X T3, SFB & 13, $&iion — FarpBE{iTA M 7Tad T —
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X% SPFEIIWB L OLERXAHTHEECTH S, COBEEICIY., B— FHHIER T 7THH05ET
R TICET TR LN TES, 72750, SFBI3—FY =27 0EREHW» LI XToOu—F
MAL AN THHDMAADLETEITTE 313 TldZR\, SFB SAJRE/RF A G D % Table 7-3
& Table 7-4 1Z/R T, F72, RO X ST WBIZT FLADT 74 A v Ml H Y, 2202
IV ERELZOTONANR - T=ROFHAH LA TEROT LD, SFBZEITEH5ICIT
NARZNRDF—ZHBR 1Y FYICINE > TR BLERD 3,

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

Load Instruction

Store

Instruction

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)

ST (1)

ST (2-1)

ST (2-2)

ST (4-1)

ST (4-2)

ST (8-1)

ST (8-2)

ST (16)

ST (32)

ST (64)
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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}lleral)
LD (1) LDTR*B (general) ST (1) STR (SIMD&FP) — B
LDR (SIMD&FP) ~ B STUR (SIMD&FP) - B
LDUR (SIMD&FP) — B
Length = 2 bytes
Length = 2 bytes
LDR*H (general) S%"RH (ger}lleral)
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
Length = 8 bytes
LDR (general) - X S%R (gene};al) -X
LDTR (gencral) ~ 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}
(8BJ4H[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 Nt S ¥
752. T U b AT F— XETOHIK

o—F/ZFT7aid. e —F /AP TORRKT FLRBEL > Twh
T A =X TERITLTOED RV, L2LAXEL, "= F 72 TOREGK2LT7 FL2—HoD
BHIZHEAEICIE R > TWiRY, 20720, WL 220 D5FICE W TREINIC 2 & U IkTFEEHH
LTLEWw, TV - &7 - A= FETORIREREST 5, UTICZ0EFEZE LD 5,

EEABCT Y+ - oF

®  Predicate Effiom — F /X + 74 ® inactive ERICE 1T 5 il
AEVIRFEOHRHIZE —F /2P TaHDTXCTDOEZED active b s, D7
B, Ak inactive L EFE DT F L RE TR A £ VIREXFET 2, HISMRIC, 2+ T
BOERH T T inactive DIRFICITIA F TIEIEZ DD DHREMIND Z L LEUAEY

RIFITFAE L v,
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7.6.

Gather load 431 351 2 il

Gather load i85 D 2 RT7OEFEDOA 2L —v 3y - 7u—pHEInFIcETINS &
¥ ZD2_TBEEINDE X v v v a2 T4 v OLRB ATV IREORITEIE 2B,
KKD 2EFDT 7 2 AU DHIF TELA € VIKFELFET 2,

memsize 25 4 S A FRiO R — F /2 b Ty BT B HIE

SIMD&FP @ Vector @ — F /&t 7fyfr & SVED v —F /A F T4 Tld, A€ VIKHE
OHHIE 4 N4 FERBACITbNE, T7RZADEHET FLREKRIRT FLABZH
ZFNANA PERICARZ X ICIRENG, 20O, ZDIRI WO TERE A =
VARTEDFET B,

Multiple Structures v 1 3517 2 5

781 ETOFHHH DM Y | Multiple Structures D A €Y + T 7% X I ¥ R X HHLCIT
bihd, TNHDAEY « T 72 ZADZEM T memsize & Element . L ¥ A X DFE L
LTl bz, o, XEVKFORELEF Y2 - FAvEhd, T/ 2R
ERICEENEI XY v s TA VBT RTHEENRLE L E, 2D, XkDT 7%
AP LA TR A & VIKEEDFET B, 7. SVE @ LD[234]/ ST[234]iC H T i,
H# 1T Vector Length 2% 512-bit TH 5 & L THbirL 3,
AKBEHRZF-< v —F /X b T@mics T ol

A7 LD memsize DHEALTT 74 A v I NTwda—F,/ X+ T7iad 4KiB EHA %
FWTT 7 AT 5L &EIT, ARVRENTEEZYIHT FLATHREI NGV, Z0
720, BT FLAPERLZLETH o THORBA T VIRKERRET 25656085 5,
Av 74 bhor—F /X TaaicEs T 5

O—F/ AT - RXATFAVEA VT4 b hor—F /X Tarafllo A€ ) ki
BREERYHT FLATIThbLiawv, 2070, YWHT FL ARHR 5 L % Th 52
TVREDPRET 256D H L, oA=L —va v - 70— FP, WB ICfFH# L
T3 & EITIRFEL R,

AFTWEDOLID ¥¥via - IRICET LI
ZFTWREDBLID X v vz IZ%ETEE, Z0BEOT— Farfiz A€ VIKFEORK
ARV T FL 2 TidfTbhiv, 20720, YHET FLABNEL S L 2 TH i
A VIKFELRET 25603 H 5, ZOFFNEIA I TRAIDOF vy v o - I RAMHEHR
THEMHIND,

o O —
RNAT T A VS
O—F/RT XA T T4 VvDOBFEANATITA Vv 1 BAAT T4 VIIBEICER D S, %
DD, ZTNENDAAT T4V THEBOARL—vay - 70 —%ETT52L3TEY, £
TOREZR N4 754 VichHilIni B2 70 -2 5, 72, 7u—0fAHDLRICL > TiF0FE
ATTAVE N FTEAAT T4 VICRAIBEATERVWDDREDH L, AL —vav - 7r—0D
RAT A4 v OFRSGMEEIUT oMY TH 5,

Ml 72—, MO 71—
oD 7u—3NT 270 —%RTELTOHFE A T4 v 1% 4754 Vi

FRCHEITEN D, Thbb, 2ofhio 7 e —LRIFHICHETING 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,

o ST2 71—
1 FEANATTAVDARTLOPETTERY, TOLE, 0F AT T4 VIE—HORMT
A D STO 7 v — L [k Ic ELT

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 & % DE% 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{TIUR - 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

/ f }

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. Frvia T4V RA

o— Fargopicit, 27 b memsize ERILT FLR - T4 AV FBRIEENTWD &
%T%of%f%)'77%X®ﬁﬁﬂ20®#%V71-?4ymitﬁ5&§ﬁ%5o%@
IomA®) - TI/RREFY v 2 TAV - 7BR(TA4YV - 7BR) LIEL,

FAV - 7BRCBVTIE, MADFYy vy v a - FAVBFryva by b TERI<FL
TARRELR Y, ZDOLE LD7e—31 70 —T% 7453, =T, Frryra- - IR
FELLEER, Frvia IR AhokFryrvva - TAVBRFDADEETH>TD,
ZOLD 7u—2fiFrya - IR LTHRbNE, /2, ADF Yy a - 74 TH
Yy va - IAPFELEZEEZR, 2200F vy v o - I AONMEEICGESRITE 3,

B, A4 v - RiFe—Faf WCHET D, AFTaa08A., WBICTEHZIALD
TFbxﬁ774xybén5tbﬁ%5o

78.  HiRZGu—LF /X b T arm OEE

7.8.1.  Multiple Structures 34y

SIMD&FP @ LD[234] (multiple structures) / ST[234] (multiple structures). 35 & U* SVE
LD[234][BHWD]/ ST[234][BHWD] s DEIEIC O WCHIAT 2, &k, maoftkboRide
L Ci¥ LD1/ST1 (multiple structure) % Multiple structures My ICJB 3 % 23, ra DEIEDE V2> &
RETICOFRIADKRICZE b 78\,

TaA—F AT VR ERITRAT — Vi

Multiple structures i3 1 R CTHEBMD T AT 4 2 —va v - LYRXEFOMATH S, T
NHoMBETa—F - AT VI TEED fOP HicTa—FINd, EAMTIEZT 2T 4
F—vay LYRXESO 0P il nfEIng, 7Ly vy s - 2—FitkoTld, &
LIZT FLAERD 7= ORI 7 pfOP @ 25B8MENE 2 &b H b, T OFIB) pOP fr it 7
FLAERDOAZITO, AEY - 772 A3 fTbhvwkda—F A7 -2=vy MidiEdh
7\,

O—F/ZAFT7 - 2=y MZELND pOP FIIAEY + T 7 RADDD pOP D HT
BB, EAWICET AT A A—vay - LYRXELE—TH 325, LD[234][BH] / ST[234][BH]
MHCR> TRHEFTAT VLB TIbic4nEINhD, HE@mHOue—F /A +7 - 2=y}
kSN D DI 7 v —$% Table 7-6 ISR T, D7 0 —HUIEE FP/SP OF| b % T
FELv, ZNENOSBEIIMDEE/ L ATy —ERICGEH L T3
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Table 7-6 Required Number of Flows for pOP Instructions Split from Architecture Instruction

B ¥ ANT - AT — YRR

to Send to Load/Store

Architecture Instruction

Required Number of Flows

LD2 (multiple structures)
LD2[WD]

ST2 (multiple structures) 2
ST2[WD]

LD3 (multiple structures)

LD3[WD] 3
ST3 (multiple structures)

ST3[WD]

LD4 (multiple structures)

LD4[WD] 4
ST4 (multiple structures)

ST4[WD]

LD2[BH] / ST2[BH] 8
LD3[BH]/ ST3[BH] 12
LD4[BH] / STA[BH] 16

LD[234][WD]/ST[234][WD] it T, v —F /R }T - 2=y PCHEOLNERAE) - 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 - LYAXHATITONE, OF
D, 178 =720V DAEY) - TIZRADERIZL I ZAZDONZ ML - T=2EXVEL, &5
KLID ¥ % v 2D LIBX VAL 232255, LID ¥+ v aDisHH LIEIZ 128
NA T, BDOI28NA L T ITARXRYFTHD, 1284 MERZFA 70— FERICHE X
NEFTENE, 20L&, ZNZTho7e—R3EfT7e—DRT 2Nk o3, 2ok
70 —DRTroER T —DNL TITAVEAETHES LD STFA 7 VD_F AT 4 235

£33,

—f§l & L T LD3D (multiple structures) 4D 7 2 —43EH 4 A — % Figure 7-5 ISR,
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1d3d {z3.d, z4.d, z5.d}, p3/z, [x10, #6 mul vl1]

1* execute ﬂow — 1* memory access flow

Viogcn Vgl V28 (ne2)
Memory l I I
. .

z3.d

1% execute ﬂow 2" memory access flow

Viggen ! g (ns Vogxuin)
Memory l

2™ execute flow — 1% memory access flow
128xn
Memory l

z4.d

nd
2" execute ﬂow 2™ memory access flow
128><n l128><(n‘r1) l128><(n‘r2)

EJ==RIS=s == ss.Ss B8 B3 me: e R
3™ execute flow — 1% memory access flow
1128xn

Memory

d d
3" execute flow — 2" memory access flow
1128xn l128><(n41) llZSX(an)

R JLRISIS En 55 55 En En & auzm

3" execute flow — 3" memory access flow
1 128x<n l128><(|1‘r1) l128><(n+2)
Memory !

RERNEEEE §u Wi SN NS SN NECSEAE

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

7.8.2.  Gather load / Scatter store fin 4+

SVE @ Gather load fiv4r (BAR. Gather fi74Y) & Scatter store @iv4r (DARE. Scatter fiv4y) & 1 iy
DTHEBOMBML7ZT FLRACHLTAEY « T/ AT M TH D, T FL ROV —
R FRGYRO—FBRIZ IV - LIRXFICHB T Ehb, ERT L RTRB/ NS
FRNATTAVCEHEINS, 2D®, B oo —F X} T4 SVE © Contiguous 2 —
F/AAMT@Aa e 3B =Ny oTHEIfEE kD,
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Fa- ¥

Gather / Scatter firfr [Tl O v — F /2 b T and & He Y 1 pOP I xf L CHEED FP/ SP
DTV FIPEYBTOLNG, THNIEElement TEICAEY - T 7 RADPMILLTWBE T &
b, B—F /AT - 2=y b DL D Element & & ICHIZ T 5720 ThH 5, Gather i B
T, = F@aRicbBbL TSPy FYAEYHTOND Z L ICHEEPMETHDE, 20D

JICHFRR FP/SP OE OV M CTH T2 L6, 73 —XIF[E—% 4 2 2T Gather / Scatter iy
FOVTNL I MEDOALLTI—FTEAVEWIHINLED Z, ZofomadbTa—FTE
BOHTY =7 vy 7a—F XYWl & 7%, Gather/ Scatter i IC/B T 2 K s
HOP #1 & FP/SP O F| b X T# & DEAfR % 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 |SP
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 fFIC BV TCIE 1 T—F 7 7 F ¥ i ld L pOP Mfic 7 2 — F X3 235, FP/SP i3
Figure 7-6 IC/R T X S ICEHBOZ v + UV BH D H¥CTobi b, Gather nfOP i IEERN T F L A%
HI 2 FLASA 774 VIicRT % RSE0ICT 4 ANy FE 15, Gather inFICHIF2) 7
A+ DA A — % Figure 7-6 IC7R T,

1did z1.d, p3/z, [x1, z2.d]

Only 1 architecture inst.

Decoder
Request for calculating effective address
(through FLA).
Y. Y Y A 4
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 i ICHEWVTIE 1 7—F 7 7 F ¥ firfir i Element £UC)G U T 4 pOP fin 4y, £ 7213 8 pOP
AT a—FI N5, FP/SP L Element & DT v + U AE D HCTHN 5, Scatter fir sy 1%
Gather fiv & & (X R 0 | MROEHT FLAFER DO DY 7 TR FHIRSE0 ICT 4 A8y F &
Nd, IHIC, RPNV LYREPLANT T —X% SPICHEAS %Y 72X % RSE0 2V
JITAPIND, Scatter DY 7 T A PDA A —T % Figure 7-7 IS8T
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stld z1.d, p3, [x1, z2.d]

Only 1 architecture inst

Decoder

2 requests for calculating effective address

(through FLA).
2 requests for translation from FPR to SP
(through FLA).
v y \ 4
RSEO | |RSE1| | RSA FP Sp CSE
8 entries are 8 entries are 4 nOP insts.
assigned. assigned. are assigned.

Figure 7-7 Requests of Scatter Instruction

B, TFL Y v v 72 “vector plus immediate” @ & % (ZHME2S T 2 — &2 & [EEE FLA 10 X
NE57D, JHLYREZHPOR—2 - ATV FEREETE ) 7 2R FIEKIND,

EEh7 P L R

Gather / Scatter iy D FEX T VL A HE OWEL % Figure 7-8 ISR T, EXT F L A DERK I8
WoOa—F /A MTMHEDOZNEFIRALY, 7 PAVERBCEIEEINE, 7L, ETFL
A%FITHTE DI FLA XA 74 v DATHD, T FL vy vV 7H “scalarplus vector” D &
FEFMNHL YA 220 FLAEEBICN—R « ATV F2EETILELD S, 2 0imEITIN
ALY RZ20 BXA N 774 vERZEHL TiThbv s, FLABEBSR CEEINZET FL R
lXFP & SP LT ONT—HHREEI NS, ZDL X, FPOEZXALKR— BT 3HADED
IZ, o4 D EAGA/EAGB ¥4 77 4 v~DFITIRHIREI N 3,

Gather T4 CIER T FL A% FP & SP IC/H T CIRET %, FHicxf LT, Scatter iy Tl
% Element DER T FL 2 (3EARNIC FP/SP DY F VICTREI N B, F7-. Scatter fif TlE~
JMN LY REDPDAMT TR EWGETZLELRHY, ZDOY 7T A S FLA XL 754

VR o T I NG,
| RSE0 || RsEl | RSA |
1 —-. Operations issuing
T=1----T"7 are restricted.
Y Y Y
Request for base address | GPR |
translation. (GPR — FLA) | l
| FPR |
Y
EXA ; EAG 2 J
Request for calculating A
vectorized effective addresses.\ FLA /
». Y
N/
\_" Writing effective
addresses for SP.
Writing effective addresses V'V i
for FP. FPo| | sp |

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

Gather / Scatter 47134 Element 2MEB D A €Y « 7 FL A% {53720, FHANICH Element
BRI DA EY « 77 RE LTHRbNLD, FFIC Scatter i x4 — XY v 7l g S 5 72
®., %% Element (3I5TRIWfHAMOR T 7 —b L O X5, 2% D, 8Elements
KFIC X 8 D DRI A + 71C, 16 Elements FFIC X 16 ORI A 7 & LB I N, L D7
o —PEEILEE A P T an OEANIR L FEETH B,

—J7C. Gather 4313 7 v —HHIB OB 2> b fiRIE 2 BEBECfibNn g, £9. "7 b o
Element ICB W TIPS 2 T FOICHEI NG, IHIC2RTET7wAT 57 FL A%/
DE—D 128 N4 FFEHRD 128 54 FERICINE o Tz Zicpdlan s, Sofic[Rl—22fH
IKINE > TOAUZHE X Lnvy, Gather D AE YD « 7 7 & ZDBH % Figure 7-9 IR d, 7
v — D REIRThb 756, Multiple Structures 4y & [FEERICHE ML 7 7 — O FEITIXEIT7 v —D5E
TRFZZTNERO T, 2O 7 e —DRITETIIA R LS SHA 7 VDT AT 4 555
£33,
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1did z2.d, p3/z, [x@, z1.d]
Initial state
128xn 128%(n+1) 128%(n+2) 128%(n+3) 128%(n+4) 128%(n+5) 128%(n+6) 128%(n+7)
— g
Element 6 is inactive.
2 LTI
1* flow
128%n 128%(n+1) 128%(n+2) 128%(n+3) 128%(n+5) 128%(n+6) 128%(n+7)
Memory --- |
2 A pairofelem 0 and 1 is
written in one flow.
z2
2" flow
128%n 128x(n+1) 128%(n+2) 128%(n+3) Elzsx(mzx) 128 (n+5) 128%(n+6) 128%(n+7)
]
'
Memory --- | H
]
d
3" flow
128xn 128%(nt1) 128%(n+2) 128%(n+3) 128 x(n+4) 128 (n+5) 128(n+6) 128%(n+7)
wemory - [1 1] ]
z2
4" flow :
128%n 128x(n+1) 128%(n+2) 128%(n+3) 1128%(n+4) 128 (n+5) 128(n+6) 128%(n+7)
]
Memory --- | n i
]
—F !
5 A pairofelem 4 and 5 is
z written in one flow.
th
5" flow ]
128xn 128%(n+1) 128%(n+2) 128%(n+3) 1128%(n+4) 128%(n+5) 128%(n+6) 128%(n+7)
]
Memory --- | [
]
’ |

Figure 7-9 Summary of Elements for Gather Instruction

T2, NS D2 T DM D Element 8 Inactive DLEIZAEY - T/ 2ZADT7u—Z DY
DHBHIEEE NS, AG4FX TiF Gather i fr D 2 = 7§20 DFEITDIEAE % Combined Gather BEHE & i

LTwa,
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8.

7 L AR

8.1.

8.2.

Translation Lookaside Buffer (TLB)

AG64FX ® TLB B4 % Table 8-1 IC/" T, TLB Ity e 7T —2HARFEEINTEY, ZhZth
2SL1-TLB & L2-TLB ® 2 @ ic 7 > T3, LI-TLB 37 - 7V ¥ 7 7 4 7HaE . ANRE
AT AT Y XL FIFO HREZHA T 5, L2-TLB it 4-way Dt v + - TV T 7 4 7HE
T, ANBEZT7ATY RAICIEZLRU R E2RAT 5,

¥ 72, A64FX @ TLB i Contiguous bit % ¥ — F 3%, Contiguous bit 25 v F TN T3
Page (31 =¥ U TEHERZREFEL T 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

Translation table cache

Translation table 13 % DV U — K& % & U | Block / Page descriptor %15 % 7= & I (A D £ £
V-T2 eR%EETE, COAEY - T 7w AR EEMT S L 2 HE LT, Table
descriptor % —KF{R7F£ 3" % Translation table cache 235224 X 11 C\» 5, Translation table cache (ZLEH
IRFfE] D JiZifi % H Y & 3% #iC TLB & Bl 3 % 25, TLB 7° Table walk Z D b D DA ZHIET 5
TLEHHEMELTWBDICK LT, Translation table cache I3 Table walk 1 XAEY - 7 7 & X(C
Lo TRETELAT VU RHIBT 2L 2HINE LTWB LW IEVED D,

Translation table cache I3 Table 8-2 IR T X HIC TN - TV T T4 7THEER L 2Ny 77 TH
5, TV FUHEUIT16 T, % v b UICTT Table descriptor % #5325, 7x¥. Table cache IZfRTF

X 415 Table descriptor 13 2 A7 — Y ZHaD 5 H Stage-1 DD DT TH Y| Stage-2 D b D IFRTF
ER (NN

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—=FT77T%

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)EEBoOMES

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 CAEVICEDLN 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 ¥+
yYafflina—Frv Tk ae— LY RBMRIEI NG, L2 F v v v aFlLiTmOES

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$ X 5, LII/LID ¥ v vy ald7unty ¥ - a7 i EI N, CMGH
DL2F¥yval——THEi&ENE, CMGH®DLII/LID ¥ % v ¥ 23R L CMG ® L2 ¥ v
vy aEHEL, LIH/LID ¥y vy a7 —2 32 Fy vy all@l&EEN5, LID¥Fvyvyva
E2F vy v aF E T HMPMIT L2 NRCEREIN TS, LID¥F Yy a2 F v vy
2 OEICE MIB IZ/l1 . T MOB (Move Out Buffer) 2% %, LID ¥ v v ¥ 2 (¥ Move-ln ® Y 7 =
A+ & Move-Out DY 7 X+ ZIEFIHICEE T IEEZ L > TE D, HlhaoFa—pFEEIN
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TWw3, Table9-1 IC TR ANRADHIHEZ L L3, NZADERTIC X Y FEBEA SRR 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 L2toL2 64 bytes / cycle (per Ring)

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

92. F ¥ v DI

92.1. L1 ¥ ¥ viaDik

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)
. 8 cycles

Hit latency .

(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

Index tag Virtual index and physical tag Virtual index and physical tag

(VIPT)

(VIPT)

Index formula

index_ A= (Amod 16,384) /256

index A =(Amod 16,384) /256

Protocol

SI state

MESI state

NV F A ROBIIC K o TIILL F ¥ v 2Ty /) = AMERFHEET S, L1 F v vl
BRMKBD4wayty b+ TV TTA4THRTHEZ D, ZDA VT v 7 2T 16KiB
TME LD, ZDELE, =YL LT4KiBpage Z:ERL T2 LT FL AD bits[13:12] IZF
WCTY /) ZLAPEID ) B, AGAFX ZN—Fv 2 TICko Ty / =2k HlT2L951Ch>TC

w3,

9.2.2.

L2 F % vy 2DRERK

L2 % ¥ vy oD% Table 9-3 ICRT, L2 ¥ vy ald7my - aT7eFryralod
MEBHRICK > TT 272 R - LAT VI DBERS, L2F vy a3 7nwXEoAfvTy 72
BOARENT 201 VT v 2R v aLlTnd, $72, 2V 2RICk-TEY, P
MW7 FLADIBDbIt[8] T v A=V =7 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) 46 to 56 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.

¥yvyiaae—L YR Tulbanr

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 % 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 ialBIcBnWT T —XDHAH L, X 7D AT — MMESLETV., T—X&
DAL —LYREAEY - F—KY Vv ISOBREEERHET T 2ETH 5,

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 IR 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

HIfiCii 7z LI, Frvva  IALENRT—2%2 LfilfE@ox vy v v 2 ittEcE 2
Dl Move-In BFET LB TH 3, LarL, MoveelnE T £ TTF —x2)u&%FoL, 2007 T
AEY - T RCHBAET S, ChEEfET 272010, AG4FX Tid Move-In D5ET % ff7
T F v v v 2 BEICT — X %)0% 3 % Move-In Bypass BEREZ L T3, 727 L.
LID ¥ ¥ v ¥ a2 llB W TIEAEELZE L Ty,
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9.6. Zero fill

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

DCZID ELO Y AT L+ LY RZPRT 70y 794 X3 F vy va 54 - A XLFELT
H%, Figure 9-3 IC/RT X Hic, Futvy¥ - a7 TDCZVA manETE N enr—F /Xt
Tezow b ERBELTL Fryyvalitor—XHEZARDO) 72X b %ELNS, L2 ¥+

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

LT F—2HEALET D,

Zero fill request for
address A. Store [A]

wo [ ][] [

S,
-y

=
8]

Y

2

vy [ ] [ ][]

The cache line that  The cache lineis ~ The L2 cache line associated The cache line data will
contains address A written with all with address A is copied to LID write back to memory
is assigned. Zero. cache upon store of data X to A. with step-by-step.

After the copy operation, the
L1D cache line is updated with
value X.

Figure 9-3 Basic Zero Fill Process

LR2FY YV alliFET FLADT —EABFEELEVEAETHoTChFrvia - IRLIEA
L, AU LDT—% - 74 MEREIR TNV, £/, LIDF ¥y v v 2 iKI{EESNATF
LADT —ZHBEHET 5 L ¥ X Figure 9-4 ICRTLIICLID F ¥ v v a DT —XBL2 F v v v
274 PNy s InRIcE R T — 2 HEAZBMTbN S,

Data at address A. Zero fill request for

Clear data. address A.
wo (B | Q| o] [O |
Write back. Write zero. After here,
2 > o &[> mfo g
The L2 cache line that fill process.
contains address A.
Memory | | | | | | . Old data.

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

C@iiC\DCﬂmmni R A P Taa L 3B R, AL L2F ¥ v an~d
— R e T ANEEREBMET B, TNICL > TAEY ZBI~DEXIARKICE T 2 AV HHO
ﬁ%%%x\%%X%)%ﬁ%&%#éck#@%&
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10. Memory Access Controller

10.1.  Memory Access Controller D 15X

Memory Access Controller (MAC) (ZA 4 ¥ + AE Y DFAHEZZITIT=v FTH B, A64FX
ZA A4 v AEYICHE 2 H{RD High Bandwidth Memory (HBM2) %#$%H L Tw 3, MAC 3%
CMG I 1 D3 2FEIN, TNENPHBM2 D 15 v 7 & P2P Tt a b,

AG64FX ® MAC 233K — + 3% HBM2 D&EJL% Table 10-1 IC/R T,

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 2—7DY YV —RH % Table 10-2 IR T,

Table 10-2 Quantity of Scheduler Resources for HBM?2

Quantity of Resources

Scheduler queue size 244 entries / MAC

102. AEY - 77 A

AGAFX DEARZ A2 Y « 7 7 & ZAPERE% Table 10-3 IZ/R 9, Zad. MHEEEIZ CMG 729 @
TRETH 5,

Table 10-3 A64FX Memory Access Performance

Memory Access Performance

Local memory latency Shortest core 135.5ns (@ CPU 2GHz)
(load-to-use)

Longest core 144.5ns (@ 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 ek, ECFERICHAS TR EN S T =2 2 FATCF v v ¥ 2 IKFRAIAATEL
& TS mi%léﬁﬁf%5 7Y 7 2y FIEERMACHRNICT -2 % F ¥ v aic
FHAHTY I b2 T - TV T2 Fe, N=F U2 THRT FLREEHBNICFHIL THiAH L
235 —FvxT7 -7V 72y FO2ENED D, AAFX I D 7Y 7 = v F G
L, 6k 7Y) 72y FOMEZMPLHET 2200 —FY 2T - 7YV 72y F - TR b
BREZ EHEL T3

11.1. 7V 7 = v FOEEE

KEICIETY 72y FOA—F 7 TEWEICOWTEHHT 2, 3. BHEZASZICT 2201
LUTORHEICOWTEXRT %,
V72 o7 - SV Ty F
T—=F727F v DICXEHRNE T 72y FHERTH D,
N=Fo 2T Y T7zvF
N—FY cT7OT FLATHBECESWET Y 72 v FHRTH 5,
F2VF FrER

O—F /A MTRahE, LYRZE AT ) EREOMTT —20B#H»H 2 A€ -

T e ADOMERTH D,
TV 7y F TR

TV 72y FmRBELUON—FY 2T - 7Y 72y FICX o THERINDE A E Y 2]~
DAEY - TI7RADWRTHZ, 7V 72vF - T27RRACEFEDF v vy alFGicT
— R TANTEDEVIER, TI7RRADEXA T, T FLROEHEEZRTIERIE S
nacn3

TvvF--7m—

FRL—vav-7u—0D3L, LYZRZLF Yy a, AE)OKBEHRITT—FD
PO EESBOEEFT, HliF, v—F@HOLD 7e—Fa—F XA +T - AT
FAVDT~Y 78 —-Z2DbDTHL, LD 70 —RLYRRXICT -2 E2EZAD D
LbTHb, MRIC, L2F ¥ v ad 4 TI74vDAL—vav - 78—-D L L1 *
YV Al T2 ERETILBEDHLBONTVF - 7u—Th3,

7V 7xvF - 7u—

TeVF 7= LT, LYRESFryia, AEY)OKEREHRTT—200b
Wy BZAE L DZEIET, iz, 7V 7y FmnotL—yay - 7a—FLY R
RICT =R 2HBEAOBER V2D, v —F /AT - X4 T 74 5TETY 7
v F-Tu—bhd, FAFC, L2F ¥y raD {754 ickoTLIFryial
T2 ERETIHEOEVDIONRT ) 72y F - 7u—Th2,
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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 7 2AFTRTCTFVYE - T272ZATHY, ZNHDUHD DDA
RL—Yav .78 —3FT_NTCF2V/F 70 —ThH3, v—F /R TafldR&iicL =
RICT =B EFHEAAD, TRV AZDPLT -2 2EBZADMLERDHD, L2F vy ia®
MAC 37— 2 2 BRET2HEDRDH L 0HTH 5,

—Hi. TV 72y F - TI7RADUED-0DF L —vay - 70— 3K Fr vy 2 BEEIC
THELR NS, HlZE, V72T - 7V 72y FICLBLIDF Yy ya~D7Y 7z
YF T RAFEVE—=FRNT RN TTA VI oTR TV T2y F - 7 —TH B, L2
Froviad AT T4 VICLoTETeY R 70 —¢k%, LID XY v Yall T —X%iRE
TOMELRDHDL-DTH S,

/. V7 02T TV T2y F A= FY 2T - TV T2y FTIER—F R LT - %A
TIA VBT ESERARL—vay - T —RRER L HICEBRSSLETHE, VT U
T TV 72y FIEIMHTHLE-D, TOFRVL—vay - 78— —FMHDLD 70 —0D

EOCETA T4 vea—F R T - AT T4 vERERTE, 2FE0, TR0 4T
FAVvDY) Y —REHBET DL, —H. A= FvzT - TV T2y FICXETV Ty F Tk
ZGEIT AT IA v Eea—=F /AT - NAT T4 VIERT AR L= gy - 7u—3LH
ThHd, 2F X vy aD L T34 VICEEARL—Yay - 70 —%8AT500ThHD,
2L, T—Z 740 TFA Ny 20D MI 7u—, MO 70— 3HEICR S EICHER
BRETH D,

7Y 7y FICIIT~eVF - T 7R ORICHE (Distance) &FFIEN 2SS H 2, 7'V
71y%®HWi?vyb TI7RADLAT VI ERRWTEZETHLD, ThEEKTS
koA SV N 77kxkﬁu7bvz'ﬁbfhﬁ%ﬁﬁ'%ﬁbf7)7xv7%?%
My#%éoﬁxi\N&47w@?vyb TI7RADLAT VI EBRAWT 3037~
VF-77%xﬁ$wén5N#47wuLm'7)7:y%%?5%%#%50:®%%§
BTV 72y FOHMTH L, FFT, ATY - TI7ZAPERET 7 v ROEE TN 7 FL
AEMGTHICEERZ 2D TES, flAE, TV F - TI72ADBADEEICTFLX
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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
ZEARNWTERZE VRS, ZOLEDT FLADEP HBEHcH 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” D2 B HLZ, N—F U 2T REA TEREFHALCT X - 74O X v v v
2 AT —bERD S,

TV 72y T - 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 2T H 2, AGAFX Tk, Y7 b v =7 - 7TV 72y FIIEI7F - TFLREVR
T L LYRAREMAGDRETC, "= V2T - TV T2y FEVRAT L - LYRXERWTS
V7zyF - TI7RAZEIEFEELMENIRECE 2, RESNALBEEI SV 7y F - 70
—IchBEHEING,

Strong JEHED 7Y 72 v F - Tu—

N=FT TR TV 72y F - TI7RREARERBOVIELLETI® LY 55, W’f &
KEINZ=7 YV 7x2vF - 70— A2V EEECRETID0EFELTRL TS TITE
ez nEL 5 F °F %?60;@t%‘%ﬁ@u~}/X%7mnu%%ﬁﬁé% THo
Th7u—2HlREN2 iz, 7V 7x2vF - T2 AERETITCETING, 7L,
V7 02T - 7Y 72y FIKBWTIETLB I A, %7213 Page fault BSR4 L 2 C7 Y 7 =
vyF - V7T AMIHIBRENSG, CDEE, TV T2y F - TIRRDILE ko727 )V T2y T
WMAIENOP e s LTibhd, "—Fvx7 - 7Y 72y FIKBWTIETLB I ALK& T
TV 72y F T/ RAPMELL, PFQD 7V TIN5, Strong BED TV 72w F - T/ &R
Zu—F/ AT« NATTA VBV SBEIRBGEADDLDOT, TV 72y F LizT— 2D
FIEONIZGEICORES T L 2T 2, b, 7V 7y FmHOEEICONTIE
AGAFX imHftikEZ D C &,

Weak @07V 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, V70T -7V 7y

VIZrY 2T -T2y F R T Ty T MRIC ko THHRNICT Y 72y T - TR %
T2, 7V 720 Fnl3A TV FHTCTV 720 F - TO/RRCKERTV 729 F - TF
LA, T—=R - 74VEDFy vy v 2, ¥vvoa-- A7—EHIEITE 2, AG4FX 13H
Ho HPC AFHEEENRER E LT, 2 2°F - T FLAZHOWTA=F Y 2 7 DIRZ R HIfI T &
LZHPC A ZF + 7FL R+ F—n~"—F 4 FHEEZEEL T3,

1141. 7V 7 = v FaH DA

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 F @&
FRGYFCELEZTV 72y F - TRLRCHNLTAYV 729 F - T2/ RRA %I
MmN THb, "— Pz TRBEEENEZTFLRZEDF Yy vy v - 74 VHfITAE
UpbF—& - 740T 5, B, ARMV 7V 72 v F@MH DT — &% 4 X34 bR
EEREING 2D, Fryvva - TAVERRPELCHRIIREL LV,
SVE Contiguous 7' Y 7 = v F@é
ATV NTCIELLET FLAREHIC, ZTHHLSVERZ ML - T2 REZMEL
727 FLRAECOHHICLCTY 72y F - T/ A% IEIMATHDE, "—FU=x
TIXSEHD DG E COHFHOT FL A2 &L X v v a - A VHETAE ) DT —
B TaNT Db, TV 72y FORELEIRT FLABHOF Yy vy a - 74 VICET S
LACEEFDOA®R) Tuy 2% T 40T 5,
SVE Gather 7'V 7 = v F 4y
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 DIG% Table 11-1 ISR,

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 b o7« 7Y 7y F0EME

TV 72y FMATHEIARTI VNIV 72y F - ATV avZIBETLIENTE D,
# 7 a VITiE Type. Target. Policy D 3IHHZIH V. Type & Target DA A DL EIC L T
Table 112 ICRT LIICT =X - 740D F vy v afBlFrvyva - A7 - 2#lfIcE
%, A64FX Tld Policy i~ — F v = THIFENCEA L T nd, »~— Vv = 7 0BifFici#
L7,

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 5 S pf func[0] ¥y FEFHAFT LTV 7
FY 2T TN Ty FOEEEERIECTE S, Ey 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

Software
pf_func[0] |Prefetch
Reliableness

0 | Strong

—_

Weak

115, »—F v =7 -7V 7xzvF

AGAFX I —F T 2T I Lo GEWIRERT 72 F2THAI 7 FLREFHILTTY 7 =
vF TR AET HREERTED. CNORREERML CA—Fv 2T - TY T2y FEIEE,
ACAFX DA—F T =7 - 7V 7 2y FIEEHET 72X - AP Y =L LTT FLATHEIAT
&5, »—Fv=zT 7Y 7=xyFIClE "Stream detect mode” & “Prefetch injection mode” D 2
FHOE—F2H 5,

1151. »—FvzT7 « 7V 720 FD-DDEJR

>N— F v = 7 1% PFQ (Pre-Fetch Queue) & FEEN 2 7 FL 2Tl io’J:U"TU TzvF TV
2 %ITH) -0 DEFEEFHEDO, PEFQ & 7Tuty ¥ - aT7HEICH Y, 7oty - a7 dhHizh
16T PV %FT S, PFRQIIITHEIT FL A, 7Y 7= v 5k, TM®K®®7kvxﬁ7
v FBMREIND,

FHT7 FLRE 3T~V F - 727X FT23LBbNETFLA%RET, "= F 727 HH
BICHELZTHT FLRLEEOTF< Y F - 7272 ADT FLAR—FHL7ZL &, PFQ 3% D
TRFLRICTY) 72y FHRBEZME L 2T FLRICHLTCAY) 72y F - T2/ 2R%2 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= %
Figure 11-2 1T/~ 3,

M Detecting ascending / descending @ Detecting ascending / descending
Demand address Demand address
A Predicted Distance Distance Offiset A+256 Predicted Distance Distance Offset
i address  (L1) (L2) i address  (L1) (L2)
i i
: A+256 or o A+256 or
New entry A-256 Compare A-256
(3) . ) ;
Ascending Ascending
Demand address
Predicted Distance Distance Offiset A+512 Predicted Distance Distance Offset
address (L1) (L2) H address (L1) (L2)
i
i
A+512 256 256 256 [, > A+512 256 256 256
Update Compare
(Match)
LIPF  (A+512)+ 256
(A+512) + 256 + 256
L2PF  (A+512)+256 PFQ issues prefetch
(A+512) + 256 + 256 access.
5 6
® Ascending ©® Ascending
Demand address
Predicted Distance Distance Offset A+4,352 Predicted Distance Distance Offset
address  (L1)  (L2) ¢ ; address  (L1) (L2) 5¢
i
H
A+T768 512 512 256 ool A+4352 | 1,024 | 4,096 256
Update Compare

(Match)

LIPF (A+4,352) + 1,024
L2PF  (A+4,352)+ 4,096 PFQ issues prefetch

access.

Figure 11-2 Hardware Prefetch Behavior in Stream Detect Mode

A+ Y — Lo & 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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FLZAZEH L, Hizc 7YV 72y FHEH, TFLZX - A7y P BEFLTCTF~VYF - T 7%
ZAEBIELIRD B, TV 7y FEEEE. TRL X A 7%y MIFIEOHIZ TS 2 fE, HIED &
T~ A FAEE LTEFIND, RUICEHRINE 7Y 72 v FiflE. XA 7€ + offt

MEIZZ NZF N 256 54 FTH B (Figure 11-2 (3))o

TNV T x2vF T 7 ADAER
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
FAVHDLL, L2 7Y 729 F - T2 A%RIERT 3,

»o— WM, PFQiZ2F v v -
F/, V729 F -T2 RETREICTY 7 v TR 256 N4 FEoMET TS

V7 xy Filiffiz Ry 5,

TV T2y T - T ADEEERK
F—®DPFQICL 27V 72y T « T/ RRIEREHEVET L, B TTY 7= v FiERET LI
Db L2~ BB ICIRAMEICENET 3, 7V 7 2y FIHEESRAMEICERES 2 &, PFQ X7V
T2y F T I7RRADIERE 1 ¥rvvva - 74 V3RYUOVEZ 5, FFICTY 7 = v FHEHED
R D IF1E 9 2 (Figure 11-2 (6))o L%, FHIT FLRE =T B35~V F - 727 Z0HRY

122 DIRREZ TS 2,

2%, A64FX D Stream detect mode TIETFT~Y F + 727 %2R 7V 729 F - 77 ZADTF

LAFFryy a4 VEfLICLO LN, Thbb, 77X 7TFLADOMI7E Y Mg
I N2, ZHICEY, BRICHFAA N —L - T272ATHELEDF Yy o T4 VH

frCHETHNIET) 72w F - T/ RRERITTE B,

11.5.3. Prefetch injection mode @ #ifF

N=F 92T - TV 729 FD2DODE—FDDH 5 —J7A "Prefetch injection mode” TH %,
Prefetch injection mode 1 7'V 7 = v FHlfHHL Y X 2 %ffioCu—F A THHDT 7 €AD
FAEREL, TWEHWT =Ny =27 - 7Y 72y F%fTH, Prefetch injection mode 1 X &
I PFQ_ALLOCATE & — F & PFQ NOALLOCATE & — Fich i3,

PFQ ALLOCATE & — F
ARKE— FOENEIZFEARRYIC Stream detect mode & FIFETH 5, T~ F - T 27 ZADLID ¥+

yva s IRRERL, Frvva - IRPRETLIEPFQICTFHEIZTFLR, 7Y 72y FiE
B, A7y FEBERT S, 2ZL, FHITFLR, Y 7oy FHEE A7y PV RT
L LY R X DOBEMD DR X5 L\ ) 55T Stream detect mode & #£72 5, PFQ_ALLOCATE
E—-FTFTRBIZAN—F =T - TV 72 FRUTD2RATy 7 Tirbils,
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1. RAFYV—20H
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

AE—FEPFQTT /72 ADLID ¥+ v ¥a- IAOEHELT, WRLETZAY —LD
Fe VR  FORRBRELAMECT) 72w F - T IR RABIETRT 2, 7V T zvF -T2
CADWREAF Y F - T 272 ADT FLRAILTY 7=y FHMEME LT FLZATH 5, &
E-FREZNFCTY 729 F - TO/RARERT 270, TV F - T/ 2D F vy -
by bF2LETHT ) T2y T - T/ RADFET S, —J, PFQICK3ER 2TV L
A5 PRQ Zil# L7a s & 5 Fl S 2,

1154, »"—Fvo 7 -7V 7xzvF - TR EEE

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&y

Stream detect mode TIE X Z'F « 7R LA E VAT L - LY AR EfES 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
PR TES, vy valEEHEEILIDFryyva, L2Fyyia, D3 205
EIRTE 2,

o VT xzvF T reROEEERBECE
VAT L LYREERHTEIETPRQAAEKRT STV 72y F - VTR OEH
JEIREEIREE CE 5, [SHEEEME Strong JBIE. Weak JEMED 2 25 LN TE 2,

® PFQDIRK7Y 7 = v FHHOIETE
VAT L LY RZERHT AL TPFQOTY 7 =y FHEtORKERXTIEETE B,

AB4FX Microarchitecture Manual 1.7 87



Prefetch injection mode D&

Prefetch injection mode “C (% Stream detect mode DFEFEICM X CLAT D X 51 7Y 7 = v FE)E
ZHlfHlc® 5,
& X} J—2rFESOMIM
RIF - TFLRAZAWTRAZ LKA MY —LFSZIINTE 5, EARICA MY —
L A7 C Stream detect mode #EREZ R T 5,
® XtV—LZEDTY 7y FHEHOREE
VAT L VYRR B[O TA MY =L EFILICT) 7 2y FHERRETE 5,
® X}tV —LIZElDF Ty OIEE
VAFLLYRAZEFoTA L) —LB/BELICA TRy FRIGETE B,

1155. "—=Fv 27 -7V 72y FDFxr v afE
JE

FY Tz F T/ RACMMENBEROVE DI v v v 2 BOEELH 2, Fv v
2EEEELIE T 72y FREBED Xy v v 2B ERTIOTH Y, TS T LoEEL
DI ZEY) EEERE A7) Ty F - TR ETERERD L, AEAT) 7 =
YF T I RAETEIEFANA—FY T VY —RDBRBICOEND,

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 DFHIDO D EORF 7y V%Y 7+ U2 T CIRETE L2 TH 3B,
COWREREI Z L THF Yy v v a -  TAYV - FAXEBBRAEALITA N - T/ RRICHLTTY
T2y F T I7RREERTSHIENTE S, Figure 11-3 I 7' 1 77 L45|% | Table 11-4 (< Hll{H
LY RZDERPIZ RS, 227 F - 7 FLREHIHIL R 2 DRk IT A64FX GmB AR Ic 5l
INTn3,
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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 01t 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 7xvF - T2 ADEHE, PFQ_ALLOCATE / PFQ_ NOALLOCATE £— V., ¥
LTV 7 =y FHHER 70 7T L0 Gb Y CEIICRES 2 BE1H 5.
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12. 7R Frva

121. &7 &« Fxr v aDffHE

X7 Z cFryvralld, FrvvaoEBERXSTL, @aHAL, FAE TRy Y -
BN O3 5 KA RN T & 28RETH 5, /7}7;7##¥yv;®@m%;DMMF
HIHT 2 kRT3 2 L 2HME LT3, AAFX TRED T INA-K L Difillx & 7 &

WS, €7 RV AT L LYRXENLTEF ¥ vy 2D way B CIEREORRICKST T

X5, ABBEIZLID ¥ vy v a b L2 F vy vallEInTns, ﬂ@mml_r?io
LID ¥ % v v 2 Q3P TR CTE 2 7 2034 5HH 5, L2 F v v i all EW@«
7?#%%#\7U%Vﬁ'37$MTEmT%%%7ﬂ#2%W\mr%UThTfééﬁﬁ
ZR 2B VI MBREELZ L2, LIDF vy a4t s XiE, L2 F vy v aichnCIiif
—DR I RITN—=THND 27 XiIC~wy TINDE, 72, 7 XOHEFITZNLZ D CMG IZEH
LTWwW3, MAHENOL 7 ZDIERICIEZZF - TRLREZHAWS, oty ¥ - a7 OE
FICWR T AT L - LY RZEH VS, 27F - TFLR, BIXPVAT L - LY RZDOHRRIT
AGAFX iRt kE 2 Sl C &,

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

122. &7 %« Fx v

27X Fr v 2Dk ZOREIT, 7 XCEH VB TONIHR way IS THRRI N
2, o, RV ZKRIIT ST LEFPICEHNICETECTE 2, ~"—FY T 3127 ZREEIE
HINBZL, FNFNDF v via - FAV~T—& « 74 AT EEDCERBIAE LTV, i
ICHEE S iz 7 ZERICED T 2l %247 5 . Figure 12-2. Figure 12-3 il % 7" 3, Figure
122 3R 7 2 FERBICH L T 7 2 0IOEHEL PR WHITH 2, £ 27 X0 DIFEVDH 5 1
—FaNEFTEINDE 272 10T —2B8T74 bXv 7 3NnbZ L TCREXPFABINS, X
L C. Figure 12-3 i3t 27 X 1 fllofEAREMAS WL Zick 7 X | DIEENH % 0 — FarfAFETX
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haflchsz, ZoBE, 2720 DEHARIRY LAV ICe s X 10T =257 4 b
v 7 3INb,

Current
Sector 0 e Sector 1 R ‘ Current  Specified
t 2
1 3 5 B 4 6 n Sector 0 ways 3 ways
Sector 1 n-2ways  n-3 ways
New
Sector 0 ’ Sector 1 ‘ Current Specified
Sector 0 3 ways 3 ways
2 4 1 6 3 5 n
P \ Sector 1 n-3 ways n-3 ways
/ Loads new data specified sector 0 \
and fills data. This data is n-1 at current.
(*) Numbers show LRU
Figure 12-2 Example of Sector Cache Capacity Adjustment (1)
Current
. Sector 0 < Sector 1 s ‘ Current  Specified
1 n D) 3 4 5 n-1 Sector 0 2 ways 3 ways
Sector 1 n-2ways  n-3 ways
New Data “n-1" is written back.
Sector 0 Sector 1 A ‘ Current  Specified
> +—>
7 Sector 0 2 ways 3 ways
2 n 3 4 5 6 1
4 Sector 1 n-2ways  n-3 ways
Loads new data specified sector 1.
(*) Numbers show LRU

Figure 12-3 Example of Sector Cache Capacity Adjustment (2)
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13. »—btoxT - NU7T

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
7a 77 aoffiFEt, Lo E#EH > Twv 3,

BB, A—FU =T - AU TDY Y =T CMG B TEEINT VS0, CMG [H % Bk
L 7z R 139K — F LT\, Figure 132 A O 2008 v T va—FERT, »
— Y =7 - NY T OFM AR T AGAFX F R RS Ho 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 €15 C15_ 1
#define BARRIER_BST_SYNC_W1_EL® S3.3 €15 C15_1
mrs_s X2, BARRIER_LBSY_SYNC_W1_EL® // Load LBSY to x2
eor x1, x2, #0x1
msr_s BARRIER_BST_SYNC_W1_EL@, x1 // Write "LBSY to BST
sevl / EVENT register clear
wfe
loop:
wfe // Sleep
mrs_s  x2, BARRIER_LBSY_SYNC_W1 _EL®
cmp x2, x1 // Compare x2 (= LBSY) and x1 (= "LBSY)
b.ne loop // Reload LBSY to x2 if LBSY !="LBSY

Figure 13-2 Sample Code for Synchronization Processing
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14. Performance Monitor Events

TuakyHiiE T e s 7 LB RS S F R BT 3 728 IC 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

14.1. Instruction Mix

7a 7o LEITR OB R S SEE N 2 BT 2 729 @ Event % Table 14-1 ICF &2 5,
Instruction Mix D72 ® D § T D Event I, 7 — #Tﬁ?*\’ﬁﬁ Day bEgzETEHEE
moTW5, 45D Event B 2 PHICIZTERFRERH Y, chbiflrdbed s LT
Event 25 EF+ & TR\ Ay T‘ﬁ@ﬁﬁ%ﬁﬂjf % %, Event D& BE{RIE Table 14-1 @ Event % D
FicEWTA VTV POEEITRINTW S, T/, Other L KL I N T B1TIFERED Event
Tt <, WL 25D Bvent ZilHhHbE CHILINZHATH 5, HHN L Table 14-2 1R T
BV TH3, ¥, SVE MATH SPEC event i3 INST SPEC event IZ & N7g\ T & ICTER A4

HThH b,
Table 14-1 Performance Events for Instruction Mix
Event for Instruction Mix Target of Counting by Event
INST_SPEC iR
FP_SPEC FE/NIGREE I I N2 TR T omy
FP_FMA_SPEC FMA % DEE M4
FP_RECPE_SPEC WEGE LA & S ECE AR B a4
Others (Basic FP operations) — MY 7 PR N R B
FP_CVT_SPEC FEVNBUTE ARG AL YA 2 ofi L 0B b &
FP_MV_SPEC FEVNBR L Y A 2 R i3 2 dEm D AUAL Y2 2 b &)
ASE_SVE_INT_SPEC FEVMNBUR L ¥ R 2 2 3 2 BECEE 4
PRD SPEC Predicate L ¥ A % Z i 2 A a4y
LD SPEC TRTOE— Fid
BASE LD REG_SPEC MHL YR &2 ~Du— Fags
ASE SVE LD SPEC FE/NEL YR 2 ~Du— Fand
FP LD SPEC FINEL Y22 ~D 27 D v — Find
Others (All vector loads) FEH/NSL Y A Z~D R P ARIO B — Fingy
SVE_LDR_REG_SPEC SVE ®4~T® LDR fir 4>
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Event for Instruction Mix

Target of Counting by Event

SVE LDR_PREG_SPEC

SVE LDR (predicate) fir4y

Others (LDR vector)

SVE LDR (vector) fiy4r

BC_LD SPEC

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

ASE_SVE_LD MULTI_SPEC

FEI/ NS 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 @ — Fir4r

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 fiy4 (ST[234]* M 4Y)

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

Event Independent of Inclusion Relationship

SVE_MATH_SPEC

SVE #U7 Ba#Hi B 4
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14.2.

Table 14-2 Formulas for Other (Instruction Mix)

Item Formula

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

ASE_SVE LD _SPEC

Basic vector loads — (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_ST SPEC

STR vector SVE_STR_REG_SPEC — SVE_STR_PREG_SPEC

ASE_SVE_ST SPEC
Basic vector stores — (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)

INST_SPEC
Base insts. excluding load/store |~ (FP~SPEC + FP_CVT_SPEC + FP_MV_PSEC + ASE_SVE_INT_SPEC

: +PRD_SPEC + LD _SPEC + ST SPEC + PRF_SPEC + DCZVA_SPEC
+BR_PRED + CRYPTO_SPEC + SVE_MOVPRFX_SPEC)

FLOPS

Floating operations per second (FLOPS) 8 H 32729 @ Event % Table 14-3 ICF L ¥ 5, THh
5D Bvent 132 I v b I NIz S OFE/ NGBS X 1T 5, Event ® 5 H SVE fip 4y ic B
T 5D DI 128 bits AL OEFRIE L 2B R &h b, 7 u 5 LEITRED Vector Length D5
BEZF v, Lo T, IELWIHEEIIFITRED Vector Length 2 F & L THEH L 72 iF 4L
b, £7-, FMA ROHBIIEES -9 2HE L LKL 3,

PMU |% PE B O&EJHTH 5 Z & 2> 5., Event THIE & N 2 HEEIL PE I TH 5, L7272
5T, WHETHOREEM RN T 2L 2RV a TETARLEDEESHLHETH S, 77,
FLOPS I3 BN H 72 b OEECTH 5720, 7 n 7 7 LETHO 7T v vy SEERE L 7
0277 LOETRHEONT AT A =2 %G0B e 35, ETRMNZ SHEE ko 2icid, FF
ICEUfS L7z CPU_CYCLES event % 32 Z & %5 2,

Table 14-3 Performance Events for FLOPS

Performance Event Description of Event

FP_SCALE_OPS_SPEC SVE i 5 D & i i DEEFR R % B L 72 128 bits H 72 b DL
FP_FIXED OPS_SPEC SIMD&FP firfr D BEFHE & 5 8 L 7= i HLA
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 b, Hil§ELHHE D 4 0 HEAL
FP_SP_FIXED OPS SPEC FP_FIXED_OPS_SPEC ® 5 . HiKGREHHE D 4 DAL
FP_DP_SCALE_OPS_SPEC FP_SCALE_OPS_SPEC ® 5 b iR D 4 0 i HEAL
FP_DP FIXED OPS SPEC FP_FIXED_OPS_SPEC ® 5 b {5 D 4 DAL
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14.3. Hardware Resource Monitor Events

Tty FOHEERNLY YV —ZXDIREEFEZ BT 5729 D Event % Table 14-4 ICFE &9 5,
INOLDEvent ¥ vy va s IZAPHIETHIRARLE, TurJ aETROBN R —Fy =
T OEMEER A LTS,

Table 14-4 Performance Events for Hardware Resource Monitoring

Performance Event Description of Event

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
L1ID _CACHE REFILL PRF TV 72y F - T/ RACERNT S LID F ¥ vz - IZDMEE

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

L1D_CACHE REFILL HWPRF R "
- - - 2+ IR

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 Ny 7ol

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 ZFIfH 3 2 & C. 702" LETHD N — Py = 7 oMEEfetE % B 4
LT ENRTED, Table14-51CF L ® B
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Table 14-5 Method to Calculate Hardware Performance Indicators at Program Execution

Indicator Formula

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 - T72AICERNT S |(LID CACHE REFILL PRF - L1ID 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 |

V7T TV 72y FHEMRLI2TY 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

7oty 4 OUWEESIED—2TH B Cycle Per Instruction (CPI) & 13, 7u%x v %25 1 HeE
TT20ICEP LN CPUN AL ZLTHB, TDCPLIZMAEEETTE-0D A A
_RL—va v 7a—0NBKRE, flzIEESAEY) - T 72 AOKEAEAELR 72D L
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EZDLILENTESL, CPl % Zh b DGO OREA EF & LTET T &% Cycle
Accounting & M55, A64FX (Z Cycle Accounting D 72 ® @ Event Z 52 L T\ %, Table 14-6 IC %

w5,
b5,
50

I35 D Event b Instruction Mix Tffido 3L 3 Event & [FIEEICEHHIF 2 1R i
”Other” % Event # #lAaA bR CHHETE 2IHETH Y, HHFK% Table 14-7

WEBGRA
IcE e

Table 14-6 Performance Events for Cycle Accounting

Events for Cycle Accounting

Target of Counting by Event

CPU_CYCLES

CPUZ®RY 2 -« H A7

O0INST_COMMIT

MDY 0" THBEH A o

@rda iy

LD _COMP_WAIT

CSE Db H WSR2 EY
AR A B %

T IRRAETRELTa Iy bTE

LD_COMP_WAIT EX

LD COMP_WAIT @ 5 &, Baseinst. IZJBT % A
A 7w

HcH s 4

LD COMP_WAIT L2 MISS

LD COMP_ WAITD 5 H, L2 ¥ v v ¥ a » IAHOH 4 70

LD _COMP_WAIT L2 MISS EX

LD COMP_WAIT L2 MISS ® 9 &, Base inst.
HcHd4+4 271

ICJE T B i oise

LD_COMP_WAIT L1 MISS_EX

. ) LD_COMP_WAIT L2 MISS ® 9 b, SIMD&FP & SVE firfric/& 3
Other (I1d_comp_wait_12_miss_{l) .
LA HERTH LA 7L
LD CIMP WAIT®9 5, LID¥ ¥ v =+ I &, »DOL2F % v
LD_COMP_WAIT L1_MISS Yo ey MROYA 7

- - - (B2 F vy va - IAROL2 F ¥ v va - IAPMHEE
T2ETOVAL /LD EEND)
LD_COMP_WAIT_L1_MISS ® 9 b, Baseinst. ICJ& T firH 3 %A

ThHBHEY A 7L

Other (Id_comp_wait_11_miss_fl)

LD _COMP_WAIT L1 MISS @ 9 b, SIMD&FP & SVE 4 i g4
LD NERTH LA 70

LD COMP_WAIT PFP_BUSY

LD7COMP7WAIT0)”) L2 F¥Y v a7 ) Ty FUEY Y
—ARRDIZDICAEY - ARV T 7w AMANBI Iy PTER
WA 7

(Fe7zyF - 7a-pPUETES, T —-DERITOMEA 2
Ty P TERVHREED)

LD_COMP_WAIT PFP_BUSY EX

LD _COMP_WAIT PFP BUSY @ 9 %, Baseinst. ICJE3 % s
TWNTHLHA 7L

LD _COMP_WAIT PFP_BUSY SWPF

LD COMP_ WAIT PFP BUSY@i‘B‘ V7bo T YTy
FMEPERTH LA 7L

Other (I1d_comp_wait_pfp_busy_fl)

LD_COMP_WAIT_PFP_BUSY @ 9 . SIMD&FP & SVE 4>
HcHrsy 4270

ADS

Other (Id_comp_wait_11_hit)

ey by A I
I A DM

LD COMP WAIT® 5 b, LID ¥ v v ¥ a2
(B WCIILID ¥ Y vy a - IAMOLID ¥y v v -
ETL2ETOVA /b ETN)
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Events for Cycle Accounting

Target of Counting by Event

Other (I1d_comp_wait_11_hit_ex)

Id_comp wait 11_hit ® 9 5, Baseinst. ICJET 2 M AV BEATH %
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

CSEDRLHWMmANHETE THELTa Iy b TE RV A 70

FL_COMP_WAIT

EU_COMP_WAIT ® % £, SIMD&FP & SVE iy 5 IC g4 5 i dd
BRTHLHA 70

Other (ex_comp_wait)

EU COMP_WAIT ® 5 5., Baseinst. ICJB8T 20 EKTH 235
A7

BR_COMP_WAIT

CSE D b i v 233 v 4y . Syl5 M OREERH T2 3
FTERVBYA IV

ROB_EMPTY

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

ROB_EMPTY_STQ BUSY

CSE %322, 7> Virtual SP 28 7 L DIRAED =D I firfdia T v b
TEhWwHAf 70
(Virtual SP 28 7 v D725 a2 — KA IEE - T 3 IREE)

WFE_WFI_CYCLE

WEE fiifr. £7213 WFLIC X Y PE OEIHEMEIEL T3 94 7
Q57 e 77 LcikFffED ok e Lcling)

Other (rob_empty not_stq_busy)

Z D DR T CSE BZED =D ICmBHa Iy FTELRWYA 2
Vi
Fie, mR7 =y FREbORME LTHHND)

UOP_ONLY_COMMIT

WOP D A5 I v b Ihiz 94 7L

QuoP @Al bicFa—FaniT -7 27 F v@mfHicsnT
2, REDO LOP MHDI Iy BT —FF 7 F v L To
IV M ERERTE72®, nOP D HLD 3 Iy b v RENRD
%)

SINGLE_MOVPRFX_COMMIT

Pack ¥ NL7n 2> 72 MOVPRFX fig5r D AR I v b L=V 4 70

Other (Oinst_commit_other)

ZDMOER AN IV FTCE RV A 7N

1INST_COMMIT

2
g
u

Iy MR 1 THRBEHA I

2INST_COMMIT

2
g
u

74

v MK 2 THBEYA I

3INST_COMMIT

5
>
0

Iy M 3 THRBHA I

4INST_COMMIT

2
g
u

1

v VB A THBEFA N

Event Independent of Inclusion Relationship

LD_COMP_WAIT EX

LD COMP WAIT ® % &, Baseinst. ICJB8T 20 EKTH %%
A7
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Table 14-7 Formulas for Other (Cycle Accounting)

Item Formula
Id_comp wait 12 miss_fl LD COMP_WAIT L2 MISS — LD COMP WAIT L2 MISS EX
Id_comp wait 11 _miss fl LD COMP_WAIT L1 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. iy

wEt vA TR

AGAFX 3V F— b T empdL A7 v —E% ARMvS (Table 16-1), ARMv8 SIMD&FP (Table 16-2), SVE (Table 16-3) IC53F TZNZ R T,
FEROVNEBICOWTHAT 2,

Instruction, Alias

MDY AP THS, Alias P IITCIC R 2MBOY 7Ty P& LTRELL T2,

Control option

F—fficE T, B3 —Fy2T0EEL 2L E0LEMFERLTwE, BEANICT Y 7T - vV Xy 7 ATHEAEEZRBILTw 2
Variant # XA 3 L ZlZ. TART A A= ay - FARTVFDLI AKX « 4 XTRILL T3,

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

=Ty RN TA—FORNERATHLILETT, V= vy Ta—FOVWTIR4IEEZSROZ L,

Pre-sync, Post-sync

Pre-sync 3 & OF Post-sync HlfHl O3 R A TH 5 2 & 1T, SyncHlflliconTid 47 EE2SBHo L,

Pack
MOVPRFX @4 i CTER & 717z & &I Pack LBESA[BE v v B &2 7T, Pack LI O W T 43 FEE2SHO Z &,
Extra pOP

MOVPRFX fir43ic X 2 {&Rii. %*D Merging predication D & & I1Z pOP frH 28BS N2 MHTH 5 Z & 27" T, Merging predication ICDWTIX 6.5.1 EZZHDZ &,
Blocking
MAETRIC T ey 2 v 7flHlE 2 @mAaTH LI L BRT,
RNATFTA4Y - TRy Ry INZGHILP, HETR Yy XU SINIGAIRE ERTL LTS, Ty X SHHicoOnTIZ 63 EESBHOZ L,
Latency
MRDETLVA T Ve, BANICIE OP B TRILL T2
PAysN

oO— F@HicsnTit, LID¥Frvia- by MEOLAFY oL T3,
¥/, B—=F /AT - AT =V BFEEAL—vay - 7 =38 T 7w AOWE, HIXIETFLRA - TIA4 AV T =2 EREIKET 5720, A—E Tl
KLV — NI T oY TH %,
B LOP RO HElSE < TH D,
B OP IR FBARA B 2 & & i3, BATT 2IRENR pOP iy OMMNALEZ [ CTHAZL L 2RI,
Bz, 71/2/0204 /27 Ly REBSBNIT, 3FEHD pOP H D AN IZ—2H & ZOH[D pOP 5 DS TH B2 L HRLT W3,
B () BRI EERT, i, )xN BRI —7OREAERILTH Y, () NWE NRHERT S LEkRT 3,
BIZE, "(1/2)x3"0F «“1/2/1/2/1/27C, "1/ 2/ M4y x 2713 «1/2/04/2/ 04 (TSN B,
B EHERRERR D D 2 e id, ERR D v — 7T 5,
Bl zAE, 717002 /82 /B2 k0 SEEHO L 4 7 v 2 1 @ pOP i icfid 37X T o uoP frF MK EL T 3
ZoEE, /W) x3 LA LCERERR T3,

PHOBEYIO 7a—DR%xiH ELTn3
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POP i iC IFEBA R L —vay - 70— N3 b 0RH 5, HEA <L —vay - 7e—PlHlLADLI oL ZORINV—NVEIUTOBY THZ, vATF - AL —vaviiowTii42E8 2SO L,
¥, AL —vayv - 7u—HoKEFERRERNEZE 7 e —DADED, AL —vay - 70 —iCE T BIREBBROMERRIZ R,

Ta—F - A7V THRINTA L —vay - 7o —IKERGE R EBOASA T4 v ML L TEITIND L 21 KY)Y TR TRET 2,
Fa—F  2F Y THREINEARL = ay - 70 —CKFBFREH 0 A0 b, DA 7I54 v CoEITENE L & 137 XY ) Clif L <X T 3.
FTRT—VICTHEINTA L —vay - 7o —IKEBRRAEDH D, AL —vay - 7o —2BBRICETING & &L, "+ XYY cHifE L XKL d 5,
Pipe() BA%X3%5C 13 Gather load / Scatter store, Multiple structures load / store D 7z ® DRI 7R TH 5,
Pipe(L,N) 3L AT v Ld7u—% NEMEFHELTEIL 7ARITTLILE2RL TS, 70 —MICIMKER R WZD 54 774 vEITE NG,
®  Pipeline
AL —vay - 7a—%ETTEN T 74 v ERT, FTA T 74 vicownTi62®ExSRoo L,
Kigrv—nigv A 7 v o Kige AL L, U Tor—rzEns s,
B ARL—vav - 7a—%FTARE S T4 VBERB L T, *(TALEA=F) & |G 2o CKRELT 2,
1 21, EX* | EAG* |3 EX (BEUHER) 4 794 v & EAG(7 FL RAHER) OWThD AL 754 VTCHEFTEE L 2ELTWLE,
¥ 72, (EXA+EXA)|(EXB+EXB) ¥, AL —vav - 70— | FHL 2HBHIKELH Y, WiHL D EXA XL 774 v OET, £2EMAL D EXB XA 774 Vv TETTIILERL T 5,
B W{Op2DFL—vaVv - 7e—0lAHbETIE, N4 XR - XFAT A BRFHNITMZ b5,
COEIREEF, NAANRBRKET L4 T T4 VEIC +NULL+” AL, 22oL AT Vv RLDRICMEIC AL NZ - RFATADLAT VI RRITLINTV S,
BlzIE, v AT v R 143467 T84 T T4 v KEEA "EXA+NULL+FLA” THBE L EIF, FRDO3IF A TAPNLRR - RFAT 4 TH B,
B Pipe() BEEERIZL A4 7 v >R L [FFRIC, Gather load / Scatter store, Multiple structures load / store D 728 OFFRll 7KL TH 5,
Pipe(P,N) 1354 794 Vv PICNE 70 =TI NBE I 2L LTS,
72 %, Gather load / Scatter store (I—2DF =L —> 3 « 70— EAGA & EAGB Difif #5720, T 54 77 4 VI3’ EAGA & EAGB” ¢ KL T3,
®  Number of FP
a—F/ZbFT7HaIcEH ) Y THND Fetch Port 0 CTH %, Fetch Port IC2W T3 7.3 EEA Sz &,
®  Number of SP
a—F /2 F7aaicEl ) 4TS5 3 Store Port BUTH b, Fetch Port ICDWTIX 7.3 HESRBOZ &,
® FLOPS
4> D Performance Event TH Z F1F 5313 Element 72 ) OFH/NIUSHBER TH 3,

ARIEHEHNBZEMTH S & 213 ”0” FLOPS & L TH#Hbi 3, Performance Event TD FLOPS B ic oW Tid 142 A S Z L,

16.1. ARMYVE Base instructions

Table 16-1 Instruction Attributes/Latency (ARMvS)

#of | Seq. |Pre-|Post-

Instruction Alias Control option ] e e 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*
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Instruction Alias Control option ::(;’; dz:‘?"ie :;:c l;;rsltc Blocking Latency Pipeline # of FP # of SP
<amount> = [1-4] && <shift>=LSL 1 P 1+1 (EXA + EXA) | (EXB + EXB)
1 P 2+1 (EXA + EXA) | (EXB + EXB)
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 BFC 4 4 2/m1 /1 /041 EX* / EX* / EX* / EX*
BFI 4 v 2/m1 /1 /041 EX* / EX* / EX* / EX*
BFXIL 4 4 2/m1 /1 /041 EX* / EX* / EX* / EX*
4 4 2/m1 /1 /041 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)
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Instruction Alias Control option ::(;’; dz:‘?"ie :;:c l;;rsltc Blocking Latency Pipeline # of FP # of SP
BL 1 1 EAGB, BR
BLR 1 1, NA, NA EAGB, EXA, BR
BR 1 1, NA EXA, BR
BRK 2 J v | v NA /NA /
CAS{|A|AL|L} 3 4 1/51/01 EAG* / EAGA; EXA / EXA 1 1
CAS{|A|AL|L}B 3 v 1/51/@1 EAG* / EAGA; EXA / EXA 1 1
CAS{|A|AL|L}H 3 v 1/51/01 EAG* / EAGA; EXA / EXA 1 1
CASP{|A|AL|L} 7 v 1/5M1/1/@1/5M1 /1 /21 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 N NA /NA /
DCPS2 2 N NA /NA /
DCPS3 2 v NA /NA /
DMB 2 v NA /NA / EAGA 1
DRPS 2 v v | v NA /NA /
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DSB 2 v NA /NA / EAGA 1
EON (shifted register) <amount> =0 1 1 EX* | EAG*
1 P |2+1 (EXA + EXA) | (EXB + EXB)
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 N v | v NA /NA /
EXTR ROR (immediate) 1 2 EX*
3 N 2/2 /021 EX* / EX* / EX*
HINT NOP 1 NA
YIELD 6 J v | v NA/NA/NA/NA/NA/NA 111//
WFE 2 4 V| v NA / NA /
WFI 2 N4 V| v NA / NA /
SEV 2 NG v | v NA / NA /
SEVL 2 N N NA /NA /
ESB 2 v v NA /NA / EAGA 1
HLT 2 J N NA /NA /
HVC 2 v N4 NA / NA /
ISB 2 N4 N4 NA / NA / EAGA 1
LDADD STADD 4 N 1/15 /1 / LINA EAG* / EAGA / EXA / EXA 1 1
4 N 1/15 /11 / LINA EAG* / EAGA / EXA / EXA 1 1
LDADDA 4 N 1/15 /11 / LINA EAG* / EAGA / EXA / EXA 1 1
LDADDAB 4 N 1/15 /1 / LINA EAG* / EAGA / EXA / EXA 1 1
LDADDAH 4 N 1 /M5 /111 / LINA EAG* / EAGA / EXA / EXA 1 1
LDADDAL 4 N 1 /W5 /111 / LINA EAG* / EAGA / EXA / EXA 1 1
LDADDALB 4 N 1 /W5 /111 / LINA EAG* / EAGA / EXA / EXA 1 1
LDADDALH 4 N 1 /W5 /111 / LINA EAG* / EAGA / EXA / EXA 1 1
LLDADDB STADDB 4 N 1 /M5 /111 / LINA EAG* / EAGA / EXA / EXA 1 1
4 v 1 /M5 /011 /1INA EAG* / EAGA / EXA / EXA 1 1
LDADDH STADDH 4 N4 1 /M5 /M1 /0INA EAG* / EAGA / EXA / EXA 1 1
4 N4 1 /M5 /M1 /0INA EAG* / EAGA / EXA / EXA 1 1
LDADDL STADDL 4 N4 1 /M5 /M1 /0INA EAG* / EAGA / EXA / EXA 1 1
4 N4 1 /M5 /M1 /0INA EAG* / EAGA / EXA / EXA 1 1
LDADDLB STADDLB 4 N4 1 /M5 /M1 /0INA EAG* / EAGA / EXA / EXA 1 1
4 N4 1 /M5 /M1 /0INA EAG* / EAGA / EXA / EXA 1 1
LDADDLH STADDLH 4 N4 1 /5 /11 /1INA EAG* / EAGA / EXA / EXA 1 1
4 v 1 /W5 /11 /1INA EAG* / EAGA / EXA / EXA 1 1
LDAR 1 5 EAGA 1
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LDARB 1 5 EAGA 1
LDARH 1 5 EAGA 1
LDAXP 3 N 1 /15 /1215 EAG* / EAGA / EAGA 3
LDAXR 1 5 EAGA 1
LDAXRB 1 5 EAGA 1
LDAXRH 1 5 EAGA 1
LDCLR STCLR 4 N4 1 /W5 /11 /0INA EAG* / EAGA / EXA / EXA 1 1
4 N 1 /M5 /111 / LINA EAG* / EAGA / EXA / EXA 1 1
LDCLRA 4 4 1 /5 /11 /0INA EAG* / EAGA / EXA / EXA 1 1
LDCLRAB 4 N 1 /W5 /111 / LINA EAG* / EAGA / EXA / EXA 1 1
LDCLRAH 4 v 1 /W5 /11 /0INA EAG* / EAGA / EXA / EXA 1 1
LDCLRAL 4 N 1/15 /1 / LINA EAG* / EAGA / EXA / EXA 1 1
LDCLRALB 4 N4 1 /M5 /M1 /0INA EAG* / EAGA / EXA / EXA 1 1
LDCLRALH 4 N 1/145 /1 / LINA EAG* / EAGA / EXA / EXA 1 1
LDCLRB STCLRB 4 N4 1 /M5 /M1 /0INA EAG* / EAGA / EXA / EXA 1 1
4 N 1/15 /1 / LINA EAG* / EAGA / EXA / EXA 1 1
LDCLRH STCLRH 4 N4 1 /M5 /M1 /0INA EAG* / EAGA / EXA / EXA 1 1
4 N4 1 /W5 /11 /0INA EAG* / EAGA / EXA / EXA 1 1
LDCLRL STCLRL 4 N 1 /W5 /111 / LINA EAG* / EAGA / EXA / EXA 1 1
4 N4 1 /W5 /11 /0INA EAG* / EAGA / EXA / EXA 1 1
LDCLRLB STCLRLB 4 N 1 /W5 /111 / LINA EAG* / EAGA / EXA / EXA 1 1
4 N4 1 /W5 /11 /0INA EAG* / EAGA / EXA / EXA 1 1
LDCLRLH STCLRLH 4 N 1 /W5 /111 / LINA EAG* / EAGA / EXA / EXA 1 1
4 N4 1 /M5 /M1 /0INA EAG* / EAGA / EXA / EXA 1 1
LDEOR STEOR 4 N 1/15 /1 / LINA EAG* / EAGA / EXA / EXA 1 1
4 N4 1 /M5 /M1 /0INA EAG* / EAGA / EXA / EXA 1 1
LDEORA 4 N 1/15 /1 / LINA EAG* / EAGA / EXA / EXA 1 1
LDEORAB 4 N4 1 /M5 /M1 /0INA EAG* / EAGA / EXA / EXA 1 1
LDEORAH 4 N 1/15 /11 / LINA EAG* / EAGA / EXA / EXA 1 1
LDEORAL 4 N 1 /W5 /111 / LINA EAG* / EAGA / EXA / EXA 1 1
LDEORALB 4 N4 1 /W5 /11 /1INA EAG* / EAGA / EXA / EXA 1 1
LDEORALH 4 N 1 /W5 /111 / LINA EAG* / EAGA / EXA / EXA 1 1
LDEORB STEORB 4 N4 1 /5 /11 /1INA EAG* / EAGA / EXA / EXA 1 1
4 N 1 /W5 /111 / LINA EAG* / EAGA / EXA / EXA 1 1
LDEORH STEORH 4 v 1 /W5 /11 /0INA EAG* / EAGA / EXA / EXA 1 1
4 N 1/15 /1 / LINA EAG* / EAGA / EXA / EXA 1 1
LDEORL STEORL 4 N4 1 /M5 /M1 /0INA EAG* / EAGA / EXA / EXA 1 1
4 N 1/15 /1 / LINA EAG* / EAGA / EXA / EXA 1 1
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LDEORLB STEORLB 4 N 1/ W5 /M1 / LNA EAG* / EAGA / EXA / EXA 1 1
4 4 1 /M5 /11 / LINA EAG* / EAGA / EXA / EXA 1 1
LDEORLH STEORLH 4 v 1 /05 /11 / LINA EAG* / EAGA / EXA / EXA 1 1
4 N 1 /15 /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
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
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LDRSW (register) 1 5 EAG* 1
LDSET STSET 4 N 1/15 /1 / LINA EAG* / EAGA / EXA / EXA 1 1
4 v 1 /M5 /011 /1INA EAG* / EAGA / EXA / EXA 1 1
LDSETA 4 N 1 /W5 /111 / LINA EAG* / EAGA / EXA / EXA 1 1
LDSETAB 4 N 1 /W5 /111 / LINA EAG* / EAGA / EXA / EXA 1 1
LDSETAH 4 N 1 /W5 /111 / LINA EAG* / EAGA / EXA / EXA 1 1
LDSETAL 4 N 1 /W5 /111 / LINA EAG* / EAGA / EXA / EXA 1 1
LDSETALB 4 N 1 /W5 /111 / LINA EAG* / EAGA / EXA / EXA 1 1
LDSETALH 4 4 1 /05 /11 / LINA EAG* / EAGA / EXA / EXA 1 1
LDSETB STSETB 4 4 1 /05 /11 / LINA EAG* / EAGA / EXA / EXA 1 1
4 v 1 /M5 /11 / LINA EAG* / EAGA / EXA / EXA 1 1
LDSETH STSETH 4 v 1 /M5 /11 / LINA EAG* / EAGA / EXA / EXA 1 1
4 4 1 /M5 /11 / LINA EAG* / EAGA / EXA / EXA 1 1
LDSETL STSETL 4 4 1 /M5 /11 / LINA EAG* / EAGA / EXA / EXA 1 1
4 v 1 /M5 /11 / LINA EAG* / EAGA / EXA / EXA 1 1
LDSETLB STSETLB 4 v 1 /M5 /11 / LINA EAG* / EAGA / EXA / EXA 1 1
4 v 1 /05 /11 / LINA EAG* / EAGA / EXA / EXA 1 1
LDSETLH STSETLH 4 v 1 /M5 /11 / LINA EAG* / EAGA / EXA / EXA 1 1
4 v 1 /M5 /11 / LINA EAG* / EAGA / EXA / EXA 1 1
LDSMAX STSMAX 4 v 1 /W5 / 1+111 / INA EAG* / EAGA / EXA+EXA / EXA 1 1
4 N //P/ |1/15 /1411 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMAXA 4 N //P/ |1/15/1+11 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMAXAB 4 N //P/ |1/15/1+11 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMAXAH 4 N //P/ |1/15/1+11 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMAXAL 4 N //P/ |1/15/1+11 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMAXALB 4 N //P/ |1/15/1+11 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMAXALH 4 v //P/ |1/15/1+11 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMAXB STSMAXB 4 v 1 /05 /1+11 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1
4 v //P/ |1/15/1+11 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMAXH STSMAXH 4 v 1 /05 /1+11 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1
4 v //P/ |1/15/1+11 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMAXL STSMAXL 4 v 1 /05 /1+11 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1
4 v //P/ |1/15/1+11 /1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMAXLB STSMAXLB 4 v 1 /M5 /1+11 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
4 v //P/ |1/15/1+11 /1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMAXLH STSMAXLH 4 v 1 /M5 /1+11 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1
4 v //P/ |1/15/1+11 /1INA EAG* / EAGA / EXA+EXA / EXA 1 1
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LDSMIN STSMIN 4 v 1 /M5 /1+11 / LNA EAG* / EAGA / EXA+EXA / EXA 1 1
4 N //P/ |1/15 /1411 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMINA 4 N //P/ |1/15/1+11 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMINAB 4 N //P/ |1/15/1+11 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMINAH 4 N //P/ |1/15/1+11 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMINAL 4 v //P/ |1/15/1+11 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMINALB 4 v //P/ |1/15/1+11 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMINALH 4 v //P/ |1/15/1+11 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMINB STSMINB 4 v 1 /05 /1+11 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1
4 v //P/ |1/15 /1411 /INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMINH STSMINH 4 v 1 /05 /1+11 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1
4 v //P/ |1/15/1+11 /1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMINL STSMINL 4 4 1 /M5 /1+11 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1
4 v //P/ |1/15/1+11 /1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMINLB STSMINLB 4 v 1 /15 /1+1 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
4 v //P/ |1/15/1+11 /1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMINLH STSMINLH 4 v 1 /15 /1+1 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
4 v //P/ |1/05/1+111 / INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDTR 1 5 EAG* 1
LDTRB 1 5 EAG* 1
LDTRH 1 5 EAG* 1
LDTRSB 1 5 EAG* 1
LDTRSH 1 5 EAG* 1
LDTRSW 1 5 EAG* 1
LDUMAX STUMAX 4 v 1 /W5 / 1+111 / INA EAG* / EAGA / EXA+EXA / EXA 1 1
4 v //P/ |1/15 /1411 /INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDUMAXA 4 v //P/ |1/15/1+011 /1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDUMAXAB 4 N //P/ |1/15/1+11 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDUMAXAH 4 v //P/ |1/15/1+11 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDUMAXAL 4 N //P/ |1/15/1+11 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDUMAXALB 4 v //P/ |1/15/1+11 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDUMAXALH 4 N //P/ |1/15/1+11 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDUMAXB STUMAXB 4 v 1 /05 /1+11 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1
4 v //P/ |1/05/1+111 / INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDUMAXH STUMAXH 4 v 1 /05 /1+11 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1
4 v //P/ |1/05/1+0111 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDUMAXL STUMAXL 4 v 1 /05 /1+11 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1
4 v //P/ |1/05/1+0111 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
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LDUMAXLB STUMAXLB 4 v 1 /M5 /1+11 / LNA EAG* / EAGA / EXA+EXA / EXA 1 1
4 v //P/ |1/15/1+11 /1INA EAG* / EAGA / EXA+EXA / EXA 1 1

LDUMAXLH STUMAXLH 4 v 1 /W5 / 1+111 / INA EAG* / EAGA / EXA+EXA / EXA 1 1
4 v //P/ |1/15/1+11 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1

LDUMIN STUMIN 4 v 1 /W5 / 1+11 / INA EAG* / EAGA / EXA+EXA / EXA 1 1
4 v //P/ |1/15/1+11 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1

LDUMINA 4 v //P/ |1/05/1+111 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1

LDUMINAB 4 v //P/ |1/W5 /1411 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1

LDUMINAH 4 v //P/ |1/W5 /1401 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1

LDUMINAL 4 N //P/ |1/15/1+11 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1

LDUMINALB 4 v //P/ |1/W5 /1411 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1

LDUMINALH 4 N //P/ |1/15/1+11 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1

LDUMINB STUMINB 4 v 1 /15 /1+1 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
4 N //P/ |1/15 /14111 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1

LDUMINH STUMINH 4 v 1 /05 /1+11 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1
4 v //P/ |1/05/1+111 / INA EAG* / EAGA / EXA+EXA / EXA 1 1

LDUMINL STUMINL 4 v 1 /05 /1+11 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1
4 v //P/ |1/05/1+111 / INA EAG* / EAGA / EXA+EXA / EXA 1 1

LDUMINLB STUMINLB 4 v 1 /05 /1+11 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1
4 v //P/ |1/05/1+111 / INA EAG* / EAGA / EXA+EXA / EXA 1 1

LDUMINLH STUMINLH 4 v 1 /15 /1+11 / LNA EAG* / EAGA / EXA+EXA / EXA 1 1
4 v //P/ |1/15/1+11 /1INA 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 N 1/15 /125 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 /01 EXA / EXA

MOVK 1 1 EX* | EAG*
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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 (*1) 2 v
MSR (immediate) (*1) 2
MSR (register) (*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)
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*
SsvC 2 v 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)
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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 5/11 EXA / EXA
SMC 2 v | v | v NA /NA /
SMSUBL SMNEGL 2 5 /01 EXA / EXA
2 5/01 EXA / EXA
SMULH 1 5 EXA
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 N4 1/8m1/1/M@1/8M1/1/M@1 EAG* / EAGA; EXA / EXA / EAG* / EAGA; EXA / EXA / EAG* 2 2
STLXR 3 N4 1/8;1/RINA EAG* / EAGA; EXA / EXA 1 1
STLXRB 3 v 1/8;1/2INA EAG* / EAGA; EXA / EXA 1 1
STLXRH 3 N4 1/8;1/2INA 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 NANA/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
STTR 1 NA, NA EAG*, EXA 1 1
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Instruction Alias Control option ::(;’; dz:‘?"ie :;:c l;;rsltc Blocking Latency Pipeline # of FP # of SP
STTRB 1 NA, NA EAG*, EXA 1 1
STTRH 1 NA, NA EAG*, 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 /81 /1 /21 EAG* / EAGA; EXA / EXA / EAG* / EAGA; EXA / EXA / EAG* 2 2
STXR 3 v 1/8;1/ZINA EAG* / EAGA; EXA / EXA 1 1
STXRB 3 v 1/8;1/ZINA EAG* / EAGA; EXA / EXA 1 1
STXRH 3 NG 1/8;1/2INA 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)
<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
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Instruction Alias Control option ::(;’; dzfgée :;:c l;;rsltc Blocking Latency Pipeline # of FP # of SP
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
UMADDL UMULL 1 5 EXA
2 5/01 EXA / EXA
UMSUBL UMNEGL 2 5/01 EXA / EXA
2 5 /01 EXA / EXA
UMULH 1 5 EXA

(*I)MRS/MSR @137 7€ XT3 AT L - LY ZAZICTX Y HIHARL 3,
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16.2.

ARMvS8 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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Instruction Alias Control option :‘6’; des:;lxie :;;c l;;lsltc Blocking Latency Pipeline # of FP | # of SP | FLOPS
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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Instruction Alias Control option ::(;’; des:;lxie :;]:c l;;lsltc Blocking Latency Pipeline # of FP | # of SP | FLOPS
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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Instruction Alias Control option ::(;’; des:;lxie :;]:c l;;lsltc Blocking Latency Pipeline # of FP | # of SP | FLOPS

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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Instruction Alias Control option ::(;’; des:;lxie :;]:c l;;lsltc Blocking Latency Pipeline # of FP | # of SP | FLOPS
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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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* 1

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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Instruction Alias Control option ::(;’; des:;l:.ie :;;c l;;:tc Blocking Latency Pipeline # of FP | # of SP | FLOPS

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, SQDMLALZ2 (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*
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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> =§, Vector <T> = {2S|4S} 2 v 6 /1119 FLA / FL*

SQDMULH (vector) Scalar <V> = H, Vector <T> = {4H|8H} 1 E 8 FLA
Scalar <V> = §, 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> =§, Vector <T> = {2S5|4S} 2 6 /1119 FLA / FL*

SQRDMLAH (vector) Scalar <V> = H, Vector <T> = {4H|8H} 1 E 1+8 FLA + FLA
Scalar <V> = §, 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> = {2S5|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> = {2S5|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> = {2S5|4S} 2 6 /119 FLA / FL*

SQRDMULH (vector) Scalar <V> = H, Vector <T> = {4H|8H} 1 E 8 FLA
Scalar <V> =§, Vector <T> = {2S5|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*

A64FX Microarchitecture Manual 1.7 125



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, UADDL2 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 (predicates) MOVS (predicated) 1 3 PRX
1 3 PRX
ANDV <V>=B 10| v 4 /(W6 124) x 3 /4 / (14 / 14 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 /(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 N4 N4 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 (predicates) 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) CMPLE (vectors) 1 4 PRX, FLA
CMPGE (wide elements) 1 4 PRX, FLA
CMPGT (immediate) 1 4 PRX, FLA
CMPGT (vectors) CMPLT (vectors) 1 4 PRX, FLA
CMPGT (wide elements) 1 4 PRX, FLA
CMPHI (immediate) 1 4 PRX, FLA
CMPHI (vectors) CMPLO (vectors) 1 4 PRX, FLA
CMPHI (wide elements) 1 4 PRX, FLA
CMPHS (immediate) 1 4 PRX, FLA
CMPHS (vectors) CMPLS (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 v 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 FACLE 1 4 FLA
FACGT FACLT 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) FCMLE (vectors) 1 4 FLA
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FCMGE (zero) 1 4 FLA
FCMGT (vectors) FCMLT (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 v 4 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 v 4 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 v 4 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, 4) EXA + NULL + FLA + FLA + Pipe((EAGA & EAGB), 4) 8 1
1 1+3+4+Pipe(11, 2) EXA + NULL + FLA + Pipe((EAGA & EAGB), 2) 4 1
LD1B (vector plus immediate) 32-bit element 1 1+4+Pipe(11, 4) FLA + FLA + Pipe((EAGA & EAGB), 4) 8 1
1 4+Pipe(11, 2) FLA + Pipe((EAGA & EAGB), 2) 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, 2) EXA + NULL + FLA +Pipe((EAGA & EAGB), 2) 4 1
LD1D (vector plus immediate) 1 4+Pipe(11, 2) FLA + Pipe((EAGA & EAGB), 2) 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, 4) EXA + NULL + FLA + FLA + Pipe((EAGA & EAGB), 4) 8 1
32-bit unscaled offset
1 1+3+4+Pipe(11, 2) EXA + NULL + FLA + Pipe((EAGA & EAGB), 2) 4 1
LD1H (vector plus immediate) 32-bit element 1 1+4+Pipe(11, 4) FLA + FLA + Pipe((EAGA & EAGB), 4) 8 1
1 4+Pipe(11, 2) FLA + Pipe((EAGA & EAGB), 2) 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, 4) EXA + NULL + FLA + FLA + Pipe((EAGA & EAGB), 4) 8 1
1 1+3+4+Pipe(11, 2) EXA + NULL + FLA + Pipe((EAGA & EAGB), 2) 4 1
LD1SB (vector plus immediate) 32-bit element 1 1+4+Pipe(11, 4) FLA + FLA + Pipe((EAGA & EAGB), 4) 8 1
1 4+Pipe(11, 2) FLA + Pipe((EAGA & EAGB), 2) 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, 4) EXA + NULL + FLA + FLA + Pipe((EAGA & EAGB), 4) 8 1
32-bit unscaled offset
1 1+3+4+Pipe(11, 2) EXA + NULL + FLA + Pipe((EAGA & EAGB), 2) 4 1
LD1SH (vector plus immediate) 32-bit element 1 1+4+Pipe(11, 4) FLA + FLA + Pipe((EAGA & EAGB), 4) 8 1
1 4+Pipe(11, 2) FLA + Pipe((EAGA & EAGB), 2) 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, 2) EXA + NULL + FLA + Pipe((EAGA & EAGB), 2) 4 1

LD1SW (vector plus immediate) 1 4+Pipe(11, 2) FLA + Pipe((EAGA & EAGB), 2) 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, 4) EXA + NULL + FLA + FLA + Pipe((EAGA & EAGB), 4) 8 1

32-bit unscaled offset

1 1+3+4+Pipe(11, 2) EXA + NULL + FLA + Pipe((EAGA & EAGB), 2) 4 1

LD1W (vector plus immediate) 32-bit element 1 1+4+Pipe(11, 4) FLA + FLA + Pipe((EAGA & EAGB), 4) 8 1
1 4+Pipe(11, 2) FLA + Pipe((EAGA & EAGB), 2) 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, 4) EXA + NULL + FLA + FLA + Pipe((EAGA & EAGB), 4) 8 1
1 1+3+4+Pipe(11, 2) EXA + NULL + FLA + Pipe((EAGA & EAGB), 2) 4 1

LDFF1B (vector plus immediate) 32-bit element 1 1+4+Pipe(11, 4) FLA + FLA + Pipe((EAGA & EAGB), 4) 8 1
1 4+Pipe(11, 2) FLA + Pipe((EAGA & EAGB), 2) 4 1

LDFF1D (scalar plus scalar) 1 11 EAG* 1
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LDFF1D (scalar plus vector) 1 1+3+4+Pipe(11, 2) EXA + NULL + FLA + Pipe((EAGA & EAGB), 2) 4 1
LDFF1D (vector plus immediate) 1 4+Pipe(11, 2) FLA + Pipe((EAGA & EAGB), 2) 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, 4) EXA + NULL + FLA + FLA + Pipe((EAGA & EAGB), 4) 8 1
32-bit unscaled offset
1 1+3+4+Pipe(11, 2) EXA + NULL + FLA + Pipe((EAGA & EAGB), 2) 4 1
LDFF1H (vector plus immediate) 32-bit element 1 1+4+Pipe(11, 4) FLA + FLA + Pipe((EAGA & EAGB), 4) 8 1
1 4+Pipe(11, 2) FLA + Pipe((EAGA & EAGB), 2) 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, 4) EXA + NULL + FLA + FLA + Pipe((EAGA & EAGB), 4) 8 1
1 1+3+4+Pipe(11, 2) EXA + NULL + FLA + Pipe((EAGA & EAGB), 2) 4 1
LDFF1SB (vector plus immediate) 32-bit element 1 1+4+Pipe(11, 4) FLA + FLA + Pipe((EAGA & EAGB), 4) 8 1
1 4+Pipe(11, 2) FLA + Pipe((EAGA & EAGB), 2) 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, 4) EXA + NULL + FLA + FLA + Pipe((EAGA & EAGB), 4) 8 1
32-bit unscaled offset
1 1+3+4+Pipe(11, 2) EXA + NULL + FLA + Pipe((EAGA & EAGB), 2) 4 1
LDFF1SH (vector plus immediate) 32-bit element 1 1+4+Pipe(11, 4) FLA + FLA + Pipe((EAGA & EAGB), 4) 8 1
1 4+Pipe(11, 2) FLA + Pipe((EAGA & EAGB), 2) 4 1
LDFF1SW (scalar plus scalar) 1 11 EAG* 1
LDFF1SW (scalar plus vector) 1 1+3+4+Pipe(11, 2) EXA + NULL + FLA + Pipe((EAGA & EAGB), 2) 4 1
LDFF1SW (vector plus immediate) 1 4+Pipe(11, 2) FLA + Pipe((EAGA & EAGB), 2) 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, 4) EXA + NULL + FLA + FLA + Pipe((EAGA & EAGB), 4) 8 1
32-bit unscaled offset
1 1+3+4+Pipe(11, 2) EXA + NULL + FLA + Pipe((EAGA & EAGB), 2) 4 1
LDFF1W (vector plus immediate) 32-bit element 1 1+4+Pipe(11, 4) FLA + FLA + Pipe((EAGA & EAGB), 4) 8 1
1 4+Pipe(11, 2) FLA + Pipe((EAGA & EAGB), 2) 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*
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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, 4) EXA + NULL + FLA + FLA + Pipe((EAGA & EAGB), 4) 8 1
1 1+3+4+Pipe(NA, 2) EXA + NULL + FLA + Pipe((EAGA & EAGB), 2) 4 1
PRFB (vector plus immediate) 32-bit element 1 1+4+Pipe(NA, 4) FLA + FLA + Pipe((EAGA & EAGB), 4) 8 1
1 4+Pipe(NA, 2) FLA + Pipe((EAGA & EAGB), 2) 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, 4) EXA + NULL + FLA + FLA + Pipe((EAGA & EAGB), 4) 8 1
1 1+3+4+Pipe(NA, 2) EXA + NULL + FLA + Pipe((EAGA & EAGB), 2) 4 1
PRFD (vector plus immediate) 32-bit element 1 1+4+Pipe(NA, 4) FLA + FLA + Pipe((EAGA & EAGB), 4) 8 1
1 4+Pipe(NA, 2) FLA + Pipe((EAGA & EAGB), 2) 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, 4) EXA + NULL + FLA + FLA + Pipe((EAGA & EAGB), 4) 8 1
1 1+3+4+Pipe(NA, 2) EXA + NULL + FLA + Pipe((EAGA & EAGB), 2) 4 1
PRFH (vector plus immediate) 32-bit element 1 1+4+Pipe(NA, 4) FLA + FLA + Pipe((EAGA & EAGB), 4) 8 1
1 4+Pipe(NA, 2) FLA + Pipe((EAGA & EAGB), 2) 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, 4) EXA + NULL + FLA + FLA + Pipe((EAGA & EAGB), 4) 8 1
1 1+3+4+Pipe(NA, 2) EXA + NULL + FLA + Pipe((EAGA & EAGB), 2) 4 1
PRFW (vector plus immediate) 32-bit element 1 1+4+Pipe(NA, 4) FLA + FLA + Pipe((EAGA & EAGB), 4) 8 1
1 4+Pipe(NA, 2) FLA + Pipe((EAGA & EAGB), 2) 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

142 A64FX Microarchitecture Manual 1.7




Instruction Alias Control option VL ::(;’; d::(?c-le :;:c l;;:tc Pack E‘f(t);a Blocking Latency Pipeline # of FP | # of SP | FLOPS

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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Instruction Alias Control option VL ::(;’; d:f;'&e :;:c l;;:tc Pack E‘f(t);a Blocking Latency Pipeline # of FP | # of SP | FLOPS
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) x4 (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) 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
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/ W/2(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 / /2 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 NANA / NANA EAG* FLA / EAG* FLA 2 2
ST2D (scalar plus scalar) 3 1 /0/2(NANA) x 2 EAG* / (EAG* FLA)x 2 2 2
ST2H (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
ST2H (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
ST2W (scalar plus immediate) 2 NA,NA / NANNA EAG* FLA / EAG* FLA 2 2
ST2W (scalar plus scalar) 3 1 /1/2(NANA) x 2 EAG* / (EAG* FLA)x 2 2 2
ST3B (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
ST3B (scalar plus scalar) 4 1 / /23] 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 /123 (NANA) x 3 EAG* / (EAG*, FLA) x 3 3 3
ST3H (scalar plus immediate) 4 1/ 11/2/31(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 / 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
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Instruction Alias Control option VL ::(;’; d::(?c-le :;:c l;;:tc Pack E‘f(t);a Blocking Latency Pipeline # of FP | # of SP | FLOPS

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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Instruction Alias Control option VL ::(;’; d::(?c-le :;:c l;;::: Pack E‘f(t);a Blocking Latency Pipeline # of FP | # of SP | FLOPS

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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# of

Seq.

Pre-

Post-

Extra

Instruction Alias Control option VL w0 | s | mre | s Pack 1OP Blocking Latency Pipeline # of FP | # of SP | FLOPS
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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