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AEIZ, AAFX TutyHFo=f o0 - T—F7 7 F v DOfEH, BXUFY 7+ 727 - Fa
—= V7DD HFEERERET I L EHRE L TR

KEOHEICEWTIIUTONERXSEICL TS, TRHDLEICTERIN TV BHEEIC
DWTE, FHCERAZ LICEALTWw3

° AGAFX G FRAARE (2020 4F 6 A LB TE)
L] ARM® Architecture Reference Manual (ARMv8, ARMv8.1, ARMvS.2, ARMvS.3)
° ARMP® Architecture Reference Manual Supplement The Scalable Vector Extension

Typographical and Notational Conventions
AFECBT IR ZUTICE LD D,
TV 7 7KL
TRV 7 IDY vy 7 X ARM® Architecture Reference Manual (B4 . ARM Manual)
ICHERLL . 9T Consolas 2 2/NXF Citilid 3,
PRI
A ORECITFEAMIC ARM Manual IZHE#LL | Times New Roman, 2> 2 KX F CRLik 3
%, 7272, /LA T vy —ERDA Cambria TiLik T 5, T, HEOMS %
IN—T LTRHRT 27-0ICIERKRAD X 5 b ORHKRHEZEAT 2,
A OREMEXTITUTOEY &35,
* TAEY A HEROXFIEMIN G, BRI 00XFr &,
[and] 754 v | [1 ADXXFEHD S b, wihpe | XFEICERENE, [N -
(N4 7y) ECFEHEER L, @ENO 1 XFIERI NS,
fand}  H—y—755 v+  {} HO | (54 7) TRYULNEFDS b, wihpel o
WX N2, | DHIRICSCFII v & & i Null L5 2 KB
5,
M DRXS (class) i
MRBOHBTEHNTE R AR D 5, HlZiX, ADD @4 IC i Base Instruction I &3
% ADD (extended register), ADD (immediate), ADD (shifted register), SIMD&FP ICJ&3 %
ADD (vector), SVE ICJ&3 % ADD (immediate). ADD (vectors, predicated), ADD (vectors,
unpredicated) D 7 W ABFET b, TNHDWMHEERILT 25413 ARM Manual IZHE > T

() TI&ffid %, F7-. BaseInstructions ICJ&3 % ADD a3 X C%EKTHAICIT ADD
(base) D X 3 ICX5r4 (class) ZHWTEKFELT %,
Variant &30
»—F7l7@ﬁ5%wi\mn@@¢®;@_r ai bEBEIND, FRC,
SIMD&FP. SVE @i iciZF—D@mHTH Y 5hbd, 72 HcL>oTHh=Fy =T D

oA L —va VEDBKE <?§&5%@ﬁ>f7_?—5 ZD7®, HEITIE LT Variant
DIERT % N3 %, Variant (ZLAT ISR T X 5 ICMRRILDOETIC -( MM 7 V) ZiEEX,
Bl CRLiR 9 2, Variant DRI HHFOXMIC L o TRAE 228, FHHlE L7 —2ME2R
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 E [ Alphabetical list of A64 base instructions |, ¥ X U8 SVE Manual 5
# [SVE Instruction Set| 1IZFH W TEFK I TV 5 4 D Instruction %453, ARMvS
Manual & [FERICa4 OB (form) DiEWV%E () KECICTXANT 5, maoB oy % X

L waid, AR odaXaREIHE-> T () %%%Té TR AERTLE AW
%, T7z, uOP i L RIVICX AT 2 ER B 2G5BT —F 7 7 F v L R T
%,

nOP 34 (nOP instruction)

Tuey LX) Fa-FInkmnoEReiEd. BAWIc o ey o7y - A
T F—XETT YT, TRCOEEE pOP i e LTHD RS,

B4 (Integer instruction)

ARMvS Manual iZC A64 Base Instruction & L CEZRE N oMo zfad, FICHEHEZ K

5T & L ARETITEE MY LIRS 5,
SIMD&FP %4> (SIMD&FP instruction)
ARMvS Manual I C A64 Advanced SIMD and Floating-point Instruction & L CEZE X 115
maEiET,
SVE 84 (SVE instruction)
SVE Manual IC CERI NS B xiEd .
Variant

F—fMATLYRX - FAX, $REEHRDHZVDOT—X - ﬁ%x%@ﬁhif%éu
EDOKRBTH %, Variant (T HOXG T LICHE LR TEERSE L2 C LICERL AR THIE
RH 7R,

B4 12 1T 32-bit variant & 64-bit variant 235 U | variant REL TIIZNZN W, X & F
%,

SIMD&FP @M C i L Y AKX - F A XZ Db DERTbD L, HRHZYVDT—X - ¥
AX%RTHDONRDH 5, flZIX, FADD (scalar) @ Variant [FL T A X - 4 X&KL,
FADD (vector) @ Variant I3 BEHZH~Z YV DT —% + ¥4 X%ERL T3,

SVE @ ClEHAEOERDH 72V DT — & - FAXL XE) - TI/XRA - HFA X% Zh
ZNUHVZLCIEECTE 2, 2070, HEDT —X « %4 X variant % esize. AEY + 7T
7 kA« Y4 X% memsize & L TRHT 5,

s L SIMD&FP 4y @ esize & memsize @ variant [FFEARMICIT—FL T % 23,
EBL L —HICERT 55611 esize. memsize AL T 5,

Vector Length (VL)

SVE Manual I CTEFK XT3 Vector Length Z O b O Z 5 9, A& Tl Vector Length

13 bit B TRET 5,
RN T-RR

SIMD&FP firfr & SVE i ICB T HML I AL « A X £7213, AEY - T 712

DY A ZXDIEHTH %,
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Element £{

SIMD&FP 4y & SVE i ic BT 327 b L« T— X E% esize. F 72 1% memsize T

L72B%EET. Thbb, RZ ML - F—2NOEEHIHY T 5,
HEAY

MADANF =T v FEHNART VY FBA—DL YR Z - 77 4 VI TV S04
RS, BiinHE, SmEEE, vy MEREomS R 0N T 5, AETIE MOV a7k
EDREMBADEL, 2L, AETRELEDI LY AL - 77 A MBI 2mkd et
HEma e LTicb v,

u—F /R THs

ARV E/DPOLLY AR T — 2% ET 2% 0 —FWd, LYRZpL AT 2%
McF — 22X 2B A Tahed 5,

YT 4 Ay F

FA—EhbYVFR—vay - AF—LavicALb—ay - 7u—%2EH )Y TLH
ECH %,

MEFET

VHFR—vay - AT7—vavprbETATIAvickL—vav - 7a—%HA

T5Z2&ThH5,
ETRET

T—%TF 7 F v, pOP fh, AL —vav - 7u—DETHET LRER
T, HEREORETEED

fmHaIvt

T—=%T7 7 F ¥ MAPRTET L, pOoREREZIEEL 7oy y0T7 —F7 75
¥ ATAPEREHT LI L THDL, RETIETTT LHMICKAIL TRHT 5,

FRL—vaveTu— FRL—¥Yav: - YIsT X}

WOP ik EITT 270D 774 VvOUEZDb DRIET, 7oty FiFIA~=1L—
vav - 7u—%HihEbETUOP M2 ETT L, N~ PV = TEEEZEET 25/
ROBENMNCTH L, 72, POPWMHDO LI ICHILT—F 77 F v @adr OiREL =W ERT
FFTh,, Frvva - TI7APAEY - T/ AOUEELRT, AL —v 3
vegu—tFrXL—vay )7 OREMERXINLE VD, 7 v —DERITE FET
TWHFEHTLEZIC, AL —vav - VIR ERBRTIGERD D, b, 2hb
Z7e—, V27 IR MICHBRLINGELDH 5,

(V(V
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1.

T C®HIC

1.1.  AG64FX 7u & v H DifsE

AGAFX 7't v ¥ (BIF. A64FX & it 9" 2) I High Performance Computing (HPC) Al J 5%
G 41, ARMvS-A architecture profile. ¥ X UF Scalable Vector Extension for ARMvS-A ICHE#LL 72 7
Tbh e F T F—EFTHA—R—=Z N T - Ty I THDL, Ty FEIAREaTEED
S2flp 7wy ¥ - a7, HBM2 ICHfGL7zA€Y) - avtu—7 Tofu-DA¥X—a42t
Da vt r—7, PCl-Express Gen3 WG —F « av 7Ly 7 22 8L CTw 3,

A64FX 13 HPC [ F I\ O DRI T — % 7 7 F ¥ A L T 5,

Scalable Vector Extension
AGAFX I ARM @it v P 7T —=F 727 F v DX P AYLIRTH % Scalable Vector Extension
(SVE) #%#F—+$%, SVE iFfrfrt v b+ & LT 2,048 bits £ TP Vector Length 25FFHE X LT \»
52—/ T, »—F7 xTICHEEET % Vector Length 1Z 128 bits DfFE HFEIRTE 5 2 & BFHE L
9%, A64FX Tl 128/256/512 bits D Vector Length & ¥ K— 3 5,

Core Memory Group
AGAFX Z3ZOWIC Bl 7oty ¥ - a7, Mz L7zL2F vy a, MZLAAED -2
v b r—7 %57 % Core Memory Group (CMG) &S 7V — 7% FfD, TmkyHid 4o
D CMG %¥#H . CMG [# 13 Non-Uniform Memory Access (NUMA) #KTH %, P A £ ) 24
FEENEFNDENINTEY, Frvoa-ab—LVREF A —FY7z7ICko THERICRIFX 1

50

7 X Frvia
F¥x v ok way BACCREMICHOEI L, AL~V CfiHT% 25 % 15E T % 2HEET
BB, 7T TLIEEITE - T FLAEMAT L CHEBEZIEECES, LI ¥+ v 2id4
77X, 2F ¥ viali2 ks 2E27A0—THoTw s,

N=Fy=zT - NYT
V7 2T D7ukR, ¥203ALy FEIOEMZ A —F 7 2 7CHF— 5 38EETH
5, ZOMREICX D, A=Y - T 7 2B TbTICFEIUELRTE B,

N—FY 2T« 7TV T7zvF +« T Ab
N=FT 2T - TV 72y FORZE IO ST LpLEIEITE 2ETH D, TR ST L
Y AT ALY RZEZTE  TRLAZHGWTA—F72T707Y) 7 = v FHEBICERE S5 2
2ZLMTE S,

12
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1.2.

High Bandwidth Memory

A 4 v A%V IC High Bandwidth Memory Gen2 (HBM2) % ¢ L. JEF ICE WA € V) HE %2 2

L Ttw 3,

AG4AFX 7 ua & v % DT

AG4FX 7' vt v ¥ DERFEICE Table 1-1 I3,

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

ARMvS-A, ARMvS.1, ARMv8.2, ARMv8.3 *D SVE

SVE-implemented Vector Length

128 /256 / 512 bits

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

A64FX Microarchitecture Manual 1.5 13



1.3. AGAFX 7oty ¥V oor7mavy ¥

AGAFX 7mk v« Fv 7 LOFERERET 1 v 7 % Figure 1-1 12, &7 1 v 7 OFRIR & HERE
2=y b & OMIGER % Table 1-2 ISR T,

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

Figure 1-1 Main Functional Blocks on A64FX Processor Chip

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

Block Marking in Figure |Functional Unit

Core Processor core

L2 L2 cache

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

GIC Interrupt controller

14 A64FX Microarchitecture Manual 1.5



2.

TIhr  FT o F—K T —F7
7 F %

2.1.

ARBETITAAFX 7ut v ¥ - a7 OHERWRT —F 7 7 F ¥ ICOWTHIHT 3,

— = [5:5)
T —F 77 F v K
AGAFX DHERI I A T 54 v & AT — Y OE % Figure 2-1 IC/R T, AG4FX (ZKE 5D
DHEBEAT —VICb 5 2 LB TE 5,

! |
L1I cache Branch

64KiB, 4-way predicter

Instruction fetch
32 Bytes age
5

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
stagc

2 loads xor 1 store

— |
PPR FPR GPR L1D cache CSE
96 entries 64 KiB, 4-way 128 entries

48 entries 128 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)
LIL %% v % a. LI-ITLB. L2TLB. 2Pk, @s 7 = v F OfIflIE Y 2 — L h oK
IN3, M7y F -2y FILIIFyyyadhbiK8MmarRFC7TzyF 32 LR
TE 3, TR 1 34 2 VB0 K4 DD mAIC OV Tl mE FRIL, &K

1 2 ® Taken A HIC DO WTHIEEZ FHIT 5, 7 = v F X714 1X Instruction Buffer

(IBUFF) I —KiICfRfEE %,
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7 32— F « 27— (Decode stage)

IBUFF 225 1 4 2 V& 7= DilH CTHRK 4 fe iy, MOVPRFX ez B0 & T IIRAK 6 %
BELCTFa—F2i15, BIGLZT—*%7 7 F v ZNEa st <Hh % poP ey fric 7 =
—FINd, ERNIC 1 20T =77 F @i 1 20 pOP A KRS N2 28, B A
_L—vaviRBETEZT %77 F v IERO pOP tr v ic I 5, —J7T. MOVPRFX
MBS L Pack LB X L, H7200b 1 DDT —F 7 7 F vy “626575>®J:50CT:’
—F&h3d, 7a—FanzpOP @mfidf v - A—KicF_L—vay - 70—t LTI HFX
—S gV AT =V a VLT ARy TFINDG,

FAITAT — (Execution stage)

FITRATIAVDIN =T L5 2D Y FR—vay - ZF—av (RS) BEEINT
W3, RSICT 4 Ay FINEFL—vay s 78— FRSICK o TART V2 —) v 7X
N, TUbL AT F—=XTHRTIND, EITATTAVIEIRDOAA T T4 VORI N
3, TICHBEHRE 21T BEGEE %51 77 4 v (EXA/EXB). SIMD&FP ¥ X U SVE fir4r Dl
BT 5 FE/NBUSTHE R ¥4 77 4 ~ (FLA/FLB). Predicate fiv5 D E % 1T 5 Predicate i &
FNATF54 Y (PR, B—F /R T@REDT FLRERE —GOBBIHE TS 7 FL R
H%E AT 54 v (BEAGA/EAGB). 2B a 2 ETT 27 IKET 4 774 v Th D,

o—F/ZXF7 + A7 — (Load/ store stage)

LID ¥+ v ¥ =, LI-DTLB, L2-DTLB, 2 AKDu—F /X7 + X4 754 VTR I N3,
T FLABESRASNA T I74 v i3u—F AT - A T4 vicHEERGIN TS, a—F/
ALT XA T T4 VIEERIC2 o0 —F s AL —vav 77— FHEF1IDODRAMT -
F_L—vav .- 7a—%ETTE DB,

23y k- A7 —Y (Commit stage)

FEITREROHISMER. DI T RIFEROMER R E B 0T THERIT 5. FEITBET L7z poP
MREA Y A —XTaIiybINd, T—FT7F rmH e Nich 32 TO 0P madda I
yFF2E, TRy VDT —FTIF % - ATA PEEHT L, 1 FA4 7YV RK4 DD
WOP iy % 3 I v b TX 3,

22, =A7n8\ - FRL—avah

AGAFX TIX7 —F 7 7 F x i laNHfmaEchb d~4 70 - AL —v 3 virs (uOP 7y
M ICTa—FINnd, pOP @I~ —F 7 =7 OMARITIGEL 2@ HHIch 5, kLT
—F% 77 F v IIEE DO pOP MBI I NG, —FH T, A= F Tz TOFRL—vavic

WIC/RB X HIC, W OPDT—F77F viiid 1 20 uOP IS I NG, T—F7
7 F X A ORI REE L4 T vy —BRICGERHEI N TW S

1207 =77 F v fob 2 2 LD poP e icnffd a7 a— Ficld, Fi#ENZRT 2
—F&, T4ANy T, aIv b, BIRY Y -2FYLCCHIBrEBE L —F v rL - T
—Fo 2R HL, v —rviyiL-Ta—FTTa—-FEn3»BrE7Ta—-FEor7—%
T F v mic Lo TkE B,
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2.3.

2.4.

TeT7V 72y TR, Frvia

AL —T gy 70—

d_L—Yav - T7a—3 0P N EETT 2 -00MEEHEZObOTH Y, Eirz vy
VORATTAVIBEOR/NENTH D, pOP fFiE AL —va v - DR GDbEICK
STETEINDG, 2F Y, BEfTAT -Vl u—F /X7« A7 =V OUMHEIZ T TEHRL
—vayv -7a—Thb, POPMHET I—F06)FR=—va Vv - AT —va VILT 4 Ay
FEINBLEICARL—vay - 7 —lEHING, 7/, AL —vayv - 7r—|3HIC
POP firf DIRAEYI Tl . »—F Y = THARBNICAERT 2d0b 5D, HlaiE, »—Fv=
SRADMD DDA RL—vay s 7R —hETH D,

TN X7 A=KV V=X

FRTULE AT F—FEFTORZODY Y — R Z D% Table 2-1 12777,

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 —ZADELRBEEIILUTOEY Th 5,

ABG4FX
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Commit Stack Entry (CSE)

TOb AT A=K CEFINTMBET RS T L - F =X A—=XFT 57200
V=R THD, T—FT77F ¥ B I pOP @ Hic7 a— FENTCSEDT Y + VicHlb
HTobihd,

Group ID (GID)

WOP DT 4 ANy F « N —T%EMT 21D TH %, IGID 72 Y FHAK 4uOP fir 4y

DEY LoD,
General-purpose physical register (GPR)

ARM Manual iICE5F 2 AL Y AR ICE VB ToNdT—F727F % - LYAZ L) %

— IV LY RXOYBNERTH B,
Floating-point physical register (FPR)

ARM Manual (5 1F % SIMD&FP L & A X &, SVEManual iICEIFEX7 P VL YRR
KEIWV Y TONBT—FFT27F % - LYZRXEYV 3=V - LY ZZOYHEAETH
%,

Predicate physical register (PPR)

ARM Manual IZ$51F % Predicate L Y 2 X ICE W B COHNET—FT7 7 F % - LY RXL

VA=V - LY XX OYENERTH 5,
Reservation Station for EAG (RSA)

EAGA/EAGB X4 7' 74 v THETINEF <L —va v - 7u—&—FICREF L,

TOr AT - F—XTHATTB72DDRT Y2 —FTH b,
Reservation Station for EXE (RSE)

EXA/EXB/FLA/FLB/PR XA 77 4 v CHITENLEARL—va v - 7u—%

FICEREL, TU b AT - =X THRITT 22D DRT Y 2 -7 Th D,
Reservation Station for BRanch (RSBR)

HEROF L —vay - 7a—2—RICREL, 7Y - AT - AKX TETT

272DDRT Y 2a—7TH5b,
Temporary Operand Register (TOR)

MET 2y FRTFT—=IpobTur 70 AU VR (PC) DIEEETAT — I ICiEXT 5
F2ODLYRARTH DL, HARICIE PC XN D4 & Branch and Link iy 4D A T I 1
%,

Fetch Port (FP)

v—F/ 2 TR OETEFE2EHT 27200Y V-2 TH %, AGAFX Tl Virtual
Fetch Port (VFP) & WXL 2 BREEDSHT 72 ICE A I 17z, VFPICX L T, AR OMREZ 1D
Fetch Port % Real Fetch Port (RFP) & M55,

Store Port (SP)

A+ TS OETIEF 2 EMT 27200 ) ) —RATH 5, Fetch Port & FIFKIC Virtual

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

IV FMEDAMT T 2%, LIDF v v v 2 CHFEAD T TRNICRET 2D Y —

ATH 5,

18
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25, NATITA Ve AT—Y

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

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

DRERNC X Y 8755,

EoNATTAVRT =V DAL — 3 V% Figure 2-2 7* b Figure 2-6 IC/R T, 7, X
DAT—YRiLE AL = a v OHGEIRIL Table 22 Di#Y TH %,

Table 2-2 Correspondence Between Pipeline Stage Symbols and Operations

Stage Symbol

Operation

Common to all pipelines

D, DT Instruction decode

P, PT Instruction scheduling

B* Physical register read

C Commit

W, W2 Architecture register update

Specific to operation pipelines

Operation execution

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

EXP Exception judgment

Specific to branch execution pipeline

BS Scheduling

BR Branch direction judgment

BC Branch direction determination

Specific to load/store pipelines

A

Effective address generation

T

Tag and TLB access

M, B, XT, XM, XB

Data access

R, RT*

Result out

W3 - W5

WB write

A64FX Microarchitecture Manual 1.5
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1|12 (3 (4|5|6|7 |89 |10/ 11
D |DT
Integer P |PT|Bl1|B2| X UT
C|W|wW2
Figure 2-2 Integer Operation Pipeline Stages
1(2|3]| 4 5 6 7 (89 |10|11 |12 |13 |14 |15 |16 |17 (1819 | 20 | 21 |22 (23| 24
D | DT
S%D&FP/ 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

1|2 |3|4|5 |6 |7 (8|9 ]|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| BI |B2|XI1|X2|X3| U |UT
(update NZCV)
C | W|W2
Figure 2-4 Predicate Operation Pipeline Stages
1 2 3 4 5 6 7 8 9 |10 | 11 | 12 | 13
D | DT
Unconditional branch BS | BC
CcC | W
D | DT
Conditional branch BS | BR | BC
CcC | W
D | DT
P |PT|BlI |B2| X | U |UT
Unconditional indirect branch
BS BR | BC
C | 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
Integer load
A| T|M|B|R|RT|RT2|RT3
Cc|w|w2
D |DT
P | PT|BI | B2
Integer store
P |PT|BI|B2|A| T |M|B/|R|RT|RT2|RT3
C | W|w2|w3|w4|lws
D |DT
SIMD&FP/SVE PIPTIBL) 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 PIPTIBL) B2 X
store (short) p|pT|BI|B2| A|T|M|B|R|RT|RT2|RT3
C |wW|w2|ws3|wa|lws
D |DT
SIMD&FP/SVE P IPTIBL 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
Predicate load
A|T|M|B|XT|XM|XB| R |RT|RT2|RT3
c |w|w2
D |DT
P | PT|BI | B2
Predicate store
P|PT|BI|B2|A| T |M|B|XT|XM|XB| R |RT|RT2|RT3
C | W|w2|w3|w4|ws

Figure 2-6 Load/Store Pipeline Stages
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MAETOREARL A TF v, LA 794V - RF— V0BT — Y DHBEA D & i
BET, 723, a—F AT - RT7 =V DAY - T2 AFEPOT 7R RETDAT —
VEBTHRIEIND, Table2-3 1K A4 T 74 v e KB BT2ETRBE., ETOAT—VIC
DWTEEDDE, TEMHDOLA T vvidmaEl /v ATy —BIEEh 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 A R
Load / Store SIMD&FP / SVE load A RT3
Predicate load A RT
APTERRETRETAI Iy MRICARZZ Eh b, —RINEETLA TV L IERER 272D

ZZTIIEMET B,
EXA/EXB. EAGA/EAGB. FLA/FLB D% 54 754 Vid, B DAL — a VORHRIC
Yo TRTF—VEDBERLZD Xn ERHL T3

27. FRT UK« NANNZ

FRT VR NL NG, BRMAOA T v PR TR0 ETRICKET 2 L &, &
T CTEREINZEEZ L PR 2 2T ICEEmAIcETc e 2w, RN, fido
Table 2-3 ICH B5E T AT — YV DERICRDOMHOFIEART —VBEH I N2 X 51T 4 N2 DFE
BERFEEINTHE, L2L, FfT4 774 vt OllABbRICL > TERF LT 4724
NARZTERCEERD b, AT 74 vemPBOBBEICKEFET 247 v FoflatabeT
REDZRFAT 4 - ¥4 7% Table 2-4 ICRT, ROMEMIA T v FEAKT 5 dra. ik
WEZDOARZT VY FEANE T 2maEKT,
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Table 2-4 Penalties for Operand Bypass Between pOP Instructions

Consumer EXA |EXB | EAGA / PIPEQ EAGB / PIPE1 FLA |FLB | PR
=z (z(2(2(2(2(5(5|2]2(2/2/gl7]7/|2/2]3
ke a a a ke ke ke a
g [og |02 |02 |02 2| 2 |og |02 |6 2| & =2
gle s s (¢ |Z|R|g|lels|s|e|E|2|8|E|R|I2|&
S e |lg | |g|=m|=m|ad |3 || |lg|=m|=m|& |8 |=|= |
BB |B|E|E8 |2 |®|lz|lg|B|E|8 |2 |=®|z|a|®|2|g
s|lg2|E|®|°|a|luw|8B |8 |8 |"*|°|av|la|8|8|a|la|s
Producer = | 2| = <l <|=]8 |= < | < |®= |8 || < |8
5|8 |8 @ |7 g o | = o d | E
g | & 2|8 NERE
s |2
5 | 5
Integer operation 0 1 1 1 1 1 1 1 - 1 1 1 1 1 1 - - - -
EXA .
Integer operation 0 1 R R ) ) } R R } } ) R R B B 7 7 6
(update NZCV)
Integer operation 1 0 1 1 1 1 1 1 - 1 1 1 1 1 1 - - - -
EXB .
Integer operation 1 0 B B ) ) ) B B ) ) ) B B ~ B 7 7 6
(update NZCV)
Integer operation 1 1 0 0 0010 0 - 1 1 1 1 1 1 - - - -
Integer load 0 0 0 0 01010 0 - 00| O 0 0 0 - - - -
Integer store - - - - - - - - - - - - - - - - - - -
SIMD&FP/SVE load | ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) olol -
(short)
SIMD&FP/SVEload | | | | | | | | oo oo o el
EAGA/ (long)
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 - 00O 0 0 0 - - - -
Integer load 0 0 0 0 01010 0 - 00| O 0 0 0 - - - -
Integer store - - - - - - - - - - - - - - - - - - -
SIMD&FP/SVE load | ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) olol -
(short)
SIMD&FP/SVEload | | | | | | | | oo oo o el
EAGB/ (long)
PIPE1
SIMD&FP/SVE store | ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) )
(short)
SIMD&FP/SVE store | ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) _ _
(long)
Predicate load - - - - - 010 - - - - - 0] 0 - - 3 3 1
Predicate store - - - - - - - - - - - - - - - - - - -
PR Predicate operation - - - - - 1 1 - - - - - 1 0 - - 3 310
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Consumer EXA |EXB | EAGA / PIPEQ EAGB / PIPE1 FLA |FLB | PR
Predicate operation
(update NZCV) 616 ) . ) ) ) . . ) ) ) B B B B 81817
SIMD&FP/SVE
¢ I e e O

operation
SIMD&FP/SVE
operation 5 5 - - - - - - - - - - - - - - olol 6
(update NZCV)

FLA
SVE CMP instruction
(update PR) o N R N I A A N (N (R
SVE CMP instruction
(update NZCV) 210 ) ) ) ) ) ) ) ) ) ) B B ) S Hppo
SIMD&FP/SVE

¢ I e

operation

FLB
SIMD&FP operation
(update NZCV) 3 > ) . ) ) ) . . ) ) ) B B B B 010716

HERICRFAT 4 - A 7 i3mAOfEHE, B XOCER e ATl 4 754 vollis

b&fd&ié 72, W ODOMAETIRERDOA =T vV FCkFEFoZ L8 TE S, iz
L BEGHETINHL YR X & NZCV L PR Z~FRICH T 2B 0aH 3, coL %,

%ﬂ@ﬁa PRAL Y AZ DI T v FItikfFT oL & &, NZCV LY A X DF T v FICIKIFT
LETERFIAT A - T4 7D Rie b, SVE a3 HARRIC #E)de*ﬁzﬁvy‘xﬂapredicate
LYRZREATIART VLTS, COLE, ELLDAT v FBETaAIkET 2000
S TRFNT 4 « H A4 7 ADE D, Table2-4 DEMMAHICTIZART v F @@fﬂ@fﬂ&/\b%

KOWTHRIBL TWwB, ANNomAlizZzhnicET 247 Vv ¥R AT R 5,

7r¥B. FIMAD i iZ oW Tl Fidonr —n it 4 iz o4, A7 v FZ2AER T 2aHic &
STRFINVT 4 « B A ZADENRT S, FIMAD @GS D_XF LT 4+ %4 7 )L% Table 2-5 IT7R
R

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

]
=
:
SVE load (Long) 0
FTSMUL 0
Other floating-point operation instruction 1

24 AB4FX Microarchitecture Manual 1.5



2.8.

Uy —Z2DEY BT LK

VA

kT e F—x
3, TNFNDY Y —2DHE Y LBTR

VY — 23S

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 g:;‘;?tmn Release Stage Supplemental Remarks
CSE D w
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 ljhg release stage dep_ends on the operand bypass
timing. The resource is released out of order
RSE
FLA / FLB pipeline D PT2, PT3, PT3+1 'th§ release stage depgnds on the operand bypass
timing. The resource is released out of order.
Load/Store instruction D B2, A, A+l "ljhe. 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 Th? release stage depgnds 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 . Bl .
(excluding predicate) for commit.
Predicate load / store RT3
Integer store Bl
Real SP W5 The resource is released in order after commit.
SIMD&FP / SVE store PT2

2.9.

L AT v nEz

Fl—DNA T T4 vkl
ZDXH 7 e E, Figure 2-7 IR T X9

EE\:& 50
ZA VIR
ZEBDH D,

WA= —

LavThoTh,
ICHEE DS
Lo T THBITDORT—Y (C,W)

Mo OBEIC LT L ATy IR
IZDOWT, X4 I T4 v~ A
BEWTARL =Y a UDBMHEELTLED

;@iv&%*i»4774/abfﬁib D72\ 72, A64FX Tl Figure 2-8 1T

R ESICEFTAT—VICBITEI3 ATy o202 52 & ClEZE2EEL TV 3,

1 2 3 4 S| 6 7 8 9 [ 10 | 11

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

Following instruction X1|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 X1 | X2 | X3 | X4 <5 | x6 C | W

Figure 2-8 Example of Latency Changing

LAT v Bz fTbhbhdamnofiEe, Yo EExkoL 47 vy D—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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h7 T

3.1.

Me 7y F - A7 — Y O
MHET7zvF AT —=VIF, LIl F vy v varbmfhik7zyFLTCTra—F - - 25—
SEMHT 5, MH 72y F c AF—VIKIILIL % v ¥ =, LI-ITLB, 2T & Fh
3, 7 zyF - AT —V OWIE% Figure 3-1 IC/R T, TFEAG 37027 J 4 - A v X (PC)
EHEPTLMARTDH 5, PC IO THIBERE & LI-ITLB, L1 ¥ v ¥ 2o b, 4T3l
FERICX B PC, T2 IFEAGICE B2 PCOELLEIEICLIFTIB & LIl ¥y vy allT 7+
Z L., mHEHFANT, GROFEAH LT IA4 AV F N7 32 4 FEAITITh, AT
Ihizfs A A —Y D F % Instruction Buffer IBUFF) ICfRTF& L3, IBUFF (X6 =¥ ) CRERK
N, 1V bUHD 324 @D 2B TE 3,

) [ Bwr. LeT | | | BB | Selector

|L1—ITLB | |LlITAG/DATA| "

L | — ™M
B
77777777777777777777777777777777777777777777 | IBUFF | S
IR E

Figure 3-1 Instruction Fetch Stage

IR 1L oI iy i D oI AT TR & I e T L 22 FHld 2, 7oy FINdmadlic
“Taken” & FHII N Z NGBV ETNIHLE. ROomB 7 = v FRIEFTFHEI A0 ET VL
2ATCH B, AN ENIETHEEDT 2 2Z - LATFVYIE3IHFA 2 LTHB, TDL X,

Figure 3-2 17" & 9 I Taken M A DHEHMMHD 7 2 v F R X ¥ VL END DI T L
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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

d 9%
32, GplE R EE A
AGAFX D78 T AIERE 13 Table 3-1 1/ 30 I FilllgR 2 HHERR X N B,

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)

ZD5b, BWT & BIB 23 E72 2 7K PRI CH V. Zhd 2 A A b Cori i & 53k
%7 FL 2% FHl3 %, BWT I3 Global History Register (GHR) & #lA&rb & 5 Z & T Piecewise
linear FRDOT NI Y XL %EFWTFHT 5, S-TCP id Taken M fH D7 IESET F L 2 %501
TE2720D/NERE, pOFHLAT Vv Ny 77 THY, VL —THEERREL 2L ZicTHlE T
%0 LPT 377 v 25 0 a0 = AP llas T, v — 7SI B 10 2 kBCHE 217 5 SefF o0
MeD XS 7%, FBIFMAETTIATH 5 EEEZ T2, RASEITA—FvhboY X—v
T FLRRHET 2 FHIIRCTH B, UM, SRR oW CEEll 25tk 3 5,

3.2.1.  Small Taken Chain Predictor (S-TCP)

Small Taken Chain Predictor (S-TCP) I Taken KM 4Fic X 2 70 7' J LETRRADF =2 — vV %
B L. FllZ 3 285 CH 2, Figure3-3 1IC/RF X 51T, S-TCP (IHEE(D Taken 7l 4y o %
TRADLRbF = —vEBEERHET 2, 2OF =2 —vBL—=TZERL. ETORKE»—EN
BatBA 5 L L 2T Rl to Taa 7 = v F %157 T 5, S-TCP IE 4 O D Taken 7l
BOREFET F L ARRFETE 5, S-TCP I Not taken KM A DERERFEL Rz, F =
— VIZE& E N 5 Not taken 73 IR Dy BUCHIBR 1F 72 s
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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 FFHl I AP FAEL CHED IR L ZEHREHIRL v, 20, BER—DFET S
ADMGE 7y FT5ESTCPICX 2 FHlEHT 5,

72, SSTCP N 1A INVTT 7 RRTELZ L OMB T 2y FREOAATF4 v - NT
MEFEAE LR\,

3.2.2.  Loop Prediction Table (LPT)

Loop Prediction Table (LPT) 1377V ¥ 2 TR D v — A VERESIE ST EFHERTH 5, S0
4@ Taken ¥ 7 1 Not taken 25H5¢ L 7= MIE 2 Fedk L. = OEIEZ H Iy m % FHl$ %, LPT
8Ty MY CHKE N, Dl a%E 8 E TR TE 5,

3.2.3.  Branch Weight Table (BWT)

Branch Weight Table (BWT) ¥ Global History Register (GHR) & #HA A+ Piecewise linear 7
NTY XL CTTEI%Z T 5, BWT (3 Piecewise linear ICHF 2 HAT —7 A THH, 2,048 T
v P UK E L B, FHNCIE Figure 3-4 1IR3 & 510, M IROERE. B L hdE 0 ok 4
EITRCHE L -HADEEZ T2, 2 20BRE TS Zu— A RIEECH B, &fF
I DJENE X Taken RFIC “17, Not taken FFIC “-1” D 2% & 5, BEH (W) | iﬁ%ﬁ'?%*ﬁl“(“
H %, Figure3-4 IO/RT & 5 R5ERE, 53X UOCEAOERELD 2 & &, FMHHEGS B
Figure 3-5 (Eq.1) DFERP & LTTFHIENZ, P#oui@a%i“RMn‘oxﬁ@ag
“Not taken” & FHllF %, %Dk, DM RHBETINCHKOHBRIBHIAT 2 LEALDEES
HHid 5, BEAEREOHEFIITHER IR LEZL ZDA{TONS, HlZIX. 2IETHE Bo Dl
“Taken” T»H o 7z DITHT L TEITHERA “Nottaken” TdH - 7z & ¥ I3 Figure 3-5 (Eq.2) THd &
5 e EHADHEHAAEEDI S,
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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= 2 TV TREMILD DI Pl R % “Taken”. "Nottaken” & L TWw»3 28, FE%E
INT B THIBEAE X Agree Prediction AR TH %,

3.2.4. Branch Target Buffer (BTB)

Branch Target Buffer (BTB) IZMHN /0l dy 4 & MBIy DRI T F L A% 58T 55y 7

7 T®H 5, BTB I 4-way, 2,048 = } ) DR TH 5, MAXIA4IC DWW TIRIELT F L
ADERNICHRE B 720, K 1 B ORIEEIEED AEFET 2, B BA SIS D W TSI
7 P L ABERNCEAL T B TTREME 3 D 5 72 . B D5 BSEENE % (/17 L < F#ll% 3 % Rehash
I N AR L T3, Figure3-6 I3 X 51C, BTB DA v 7 v 7 Rk L Tl
FJERE & I SEIRIEZ TNy 2 %2179, NI X > TENICELT 20T FL2%F
HTcEz X3l T3,

Target History Register 4-way
1

(THR)
101101

Global History Register
(GHR)

100100

PC of the jmp instruction

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

Return Address Stack (RAS) IV 7V —F v - a—ARFICY X =V T FLRERETIRAZ v 7
TH 3, BL, BLR A ETHICY) 22—V 7 FLA%ZEHL. RET@HHD 7 = v FRICSRS
3, RASIZS TV V% L B3, RASDT 7 A¥ A ZViF 294 274 THY, BIB X i
U,

33. il FHIOMAG D

W¢®l7u\M@XTi@W@%M%%ﬁ#Ab&T Iz o T %E1T 5 o s o
FEFE & X L% FHlgs. IS SR o B NENT % Table 3-2 IR

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 1% % DEIE D FFE D & BT A, St B c BfR 2 { e 2 TMIT 5, X5
I, T27%A - LAT VYU RIFOI L0 FHKRIIRESLCHRAE NS, LPT & BWT X
IS5 AT D B & TS, "Taken” & FHIL 72 & ¥iC |2 BTB 28 F#ll L 7= 0l 5e i+ %, LPT
& BWT TII LPT i X 2 FHlllfER 2B D,

s Ikic 1) %2 RAS & BTB Tl RAS OFfFRAEHE I ND, #2720, RASEH T —F v
@)ﬂ—/mn®&%MT5® X LT, BTB 32 TOHIERFICOWTEE %217,

34, Ya—1bF - A—THH

AGAFX TlEv a—F - A= TRIH L IFIEN 2L HE L T 3, Z O IL IBUFF ICIRFE
IhCcwszmadlobcr—7EEzET28EcH s, va—F - A—TEHRETE LG
FrvraprboHAatLEEFEIEL, IBUFF 2 bad 24 T& 2, IBUFF 2 b O air G
IZ 1 Taken S IEEFEMA DFAH L RF AT 4137, XA T T4 VDT ARFREL R,

va—t A —T7ORESEAFIINUT oMY TH B,

® V—TREKT MYk IBUFF IINE 2 2 &, AR Y, IBUFF IC i 48
WHRIRETE B, @O T T4 2V Ml H 5 2 L CHEENLETH B,

o N—THNOFTRTONEMFDONEFHR—ETH DI L, L—THNITIFERD
A E2EL I ERTE D,

LM EE L, v— 7 DOIBRIED L 2 WELL EIC 7 % & IBUFF 20 b Oy S iitis % b
B b, £, va—bF - =T HNOSIEGHFDOFABEL 25 Tmaiie 2R T L, @M%
FrvrarboiAt L Z2HET %,
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4.1. <A 70« FL—T a3 vas

AGAFX TiE, 7—F 77 F ¥ i3 —F v = 7TEEONTHERO poP iy LC7a—F
ENd, pOP@alt, VA—Iv s - LY XX, CSE. FP, SP %2 X OE| Y YT OFAHNL & 7
2, WOPT 1207 —F 727 F v mr bEBICHEINERINEb DL, HHOT —F
TI7F X BEHELTLIOD uOP & LCERINDI D DD 5, nOP 4 D5 E T Ay
SEME VAT EBRERL WS, TF T 7 F v oA 43 EICTHFAL TW»

%,

1 2DT7 —=F7 7 F v@dnb 22 Lo poP i ~onfficiy, @E7Ta—rFev—rvy
YN TaA—FO2MERH L, v —T Vv 7‘3'—]‘}:@\ WMRDT 4 ANy F, a3y
F. BLUGID DF Y B CicHIB2H 2T a—FTh s, BETa— Nk, FRKCERDO T —
FFOF @S ETI—FL, ERO WOP 4 %741 ANy FTES, TN ﬁbf\y—7
VIV TaA—FR1ODT—FT I/ Fr@mDAETI—F L, nOP i BEXINICT 4 AN

7??6oik\10®®D610®mmmnbﬁﬁ0éfé a@fg&w v—rviy
N Ta—FNhbmaikmaEE/ vA T v r—Bici#EIhTn s

4.2, < IITF XL — gV

PWOP i3 A_ L —vav - 7a—ICCETINDE, SHERAL—v a3 v - 7 —HT uoP
a OB S ICRET 5, Bl iE, BMABREIER R I3 1 7r—TETTE 24, ADD
(shifted register) D X 5 RREMTHE L > 7 P 3HAGD T o T B EEIL, HERICHEI S
RO 7 —TETINE, 72, NOPADHAREARL =2 a VBELREADLDIF 0 70— (F
L—a YHFEELZRV) &7 5, —J7T SVE ® Gather load 77z & I3#MCH Y. VDT
FLRAERK - 70— 4 DORAEY - TIr/R - 70— CTETEINE, ThTNDL T T4
Vo AT VI TARENRETICOE R 70— B RRD L &, AMFX TIRY YV —2DilHE
T3 2 2RbnE LTARL—vay - 70 —DNEETE 37T FiRD R T — Y CFfT
ST —FT 0 F % ehoTnd, AL —vay - 70 —DREEIUTDOANAL T34 vaT—Y
I TiThbh b,

Fa—F - A7—Y

pOP % ) FR—> g v « A7 — YavilT 4Ry FTELERICNEEING, TicmpHE
T DIHREDS B B3FEIT A T4 v TCOUNEBLTE SR EXNRTH 5, RFHE L
TAMNT@aaDH %, AFTait, RSRAKT A ANy FINZENT FLREFET 70
— ¢ RSEXTA ANy FEINET—RIRE7 0 —D 2 2ICHhE I N5,

FIRT =V
VHFR—vay - A7 —vaVhoET A T4 v~FTEINnd L 2icpdlansd, BED
B2 EEEBEVRE LTI MPBSNRTH S, RFEMHIL LT ADD (shifted register) m23®H 5,

32
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ADD 47D uOP My 413 7 4 A8y FHEE 1 70 — 0 BRI N 2T 2D, VFR—v v - X
T2 aVh LRI AT IA Vv~FITENB 2y 7 ViglExfTo) 7u— L E%2{75 70
—D2oigEENnNG,

B—F/ AT - AT =Y

O—F /AT« A7 =V Cu—F /AT REFTT S L ZIHEIE 5, Gather / Scatter
i Multiple structures iy 4y @ & 9 ZHEEH 72 A £ ) ZE/ICT 7 v AT 2R HBNRTH %,

43. MOVPRFX #r4 @ Pack WL

A64FX TlE MOVPRFX fir i i3 B AR ICtaft O E i & L G S 4. B 720 b BB Himr o 23
FETAL T 7T ATRMETHLZPDOLIICIREES LHICTa—-Fahsd, ZoffaUmEs
Pack WU & I35, Pack QUERIZ 7D T a— FDH 1| A7 —VICTTbN, % DRRIT poP v ik
19, T7%bbH. MOVPRFX iy OHE#EIZT 2 — FEED nOP ey fUC 2% 5. 2 72\, pOP
WA ORI HREHif R OEEO A TR E 5,

—75 T, MOVPRFX #ir4r @ Pack JLHIC (3 FIWVEEIC LU T O FlfI 25 5,

® TVFTa—XDEIAT—V~DANIE. 1 FA 7B Y K6 M,

0 TUVFa—XDE 1 AT —ITD Pack W Z, 1 4 27 AH 705K 3 M,

0 TIVFa—XDE1 AT 5bDHNIE. Pack WHEOMHETHRA 4
o

INSoflgrs, 7a 7 LB FET—FT /7 F v HAOMPIC Lo TCRTY Ta—-FD
AN—=Ty F KT T 5 LHDH 5, —Pl% Figure 4-1. Figure 4-2 1IR3,

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, Figure4-2 ISR T Lo, MUMAEET 2 —F3 5 ¢ % THo>TdH MOVPRFX fiy
B EPEMGHOULRICL > TAL=T Y P23 R E, GHRT Va2 V7 ICHHELH S &
FILROHKEFET 2 L xR 5,

44, wmHTa—F

AGAFX DT a—F « A7 =Y D4 754 v 257 — VBE% Figure 4-3 ICR"d, T3 —X
I3 IBUFF 2> 5@ 2B L, pOP fpic7a—FLTT7 U b - A7 - FA=& - )V —2~0DE
DUTEFTI,

(I PD2
] ] -
o — or

to CSE

Figure 4-3 Instruction Decode Stage
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44.1. 7TYVF5Fa—F

7V Fa—=FEPDI AT —Y 556 PD3 AT —VICTfTbhd, 7Y 7 a—FTiRER
MOVPRFX iy @ Pack YL, LOP iy ~D5 A {To %, PDI A7 =Yk T7—F77F v
4T 6 i D Pre-decode Instruction Windows Register (PIWR) % ;5. IBUFF 205 A1 %% T
7%, PD2 A7 — ¥ Tl pOP iR 217 9 o 53T X 2 e B % WX 3 % 72 312 pOP fir
HTTWHHBOHHEL VR 2 &2H>, PD3 A7 — /ﬁ&&@7:~&«®mﬁ1%b HOP i 4>
TAMBIEDOMHL Y A X ZHiD,
¥9. 7Y Fa—KZPDl 27— VI T IBUFF 2 b s 2 LY H L T PIWR i#&f5 %,
IBUFF 2> 5 D5t A LIZEEOT FL APPSO TV PV 2 E2WTIT) &R TE S, siarid
724X IBUFE 225 27 )V 7 &3, 7k, IBUFF 25 DA H LICIZL T OHIRAH 5.
® 43 FETHIL 72 MOVPRFX @4 D Pack JLERIC 3513 2 #ill#), Pack 4LE|Z PDI %
Ty Titbi, 2ol E-T Lo icaaEnAat T,
o S id—EICHEEGE AL LAJRETH % 25, "Taken” & Tl & 7=y 4r
X1 s D&,

®  Taken Tl & 172 3 45 D 43I 5 1 IR IR 1T B & HE 2 7 o,

PD1 A7 —¥IC T Pack WU fTh iz id, PD2 A7 —Y 5 PD3 A7 — I 1F T pOP
AR THbIN S, nOP M3 XL T Ofl 25 5,
®  Taken /I @43 PD3 iIC B W TIRREBICEE S L5,
& [ DODT7—FF77F v phb3OLED uOP M Ric oI NG & &, Z D poP
i DAL IE PD3 I35\ TRATYI 2> HALE X NL7a 1T id e & 78\,

Y=V E A FTa—FDLEIDRAT—IICT uOP @H DB TbhE, ZDL &,
V“7VV¥W'f3“Fﬂ%@mniﬁ& m%éﬂ&ﬁhi&%&wﬂ%ﬁ%ét
PD2 A7 =¥ 55 PD3 AT —VIKELN BT, HROGHD | dd2REREICHE
3 X5 IcmpravIoing,

ZNZ D% Figure 4-4 7> & Figure 4-6 IC/R-F,
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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 @ I:] I:] anst.(?(;s beZingo
P
i ([T ][2] Sestenen
IWR2_H V. uoP
IWRO_L wro [0][ |
IWRI_L wr [0][ ]
WL o (o] ]
IWR3_L w3 [0][ ]
@ Next cycle
PD2

V  Inst. #of pOP Inst. G is set to PD3 on
IWROfH @ I:] I:] Inst. H stays in PD2 te})]ir?(::;:;\ Eldl;tDl; 111(;) tPD3A
IWRI H [ 1 J—ecvenifPD3 is not full D3
IWR2 H vV uoP
IWRO_L WRo [1]
e o i
e wR:
s s [0] [

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

442. Ta—F

DRAT—=Y2LDT AT =Y IKTCTFa—FRfTbhd, Ta—FicBwTid, FLT7v b - F
T A=K Yy =20EY YL, BIBTEIVFRX—v gV ATV a3V ~DT 4 RNy T
Brbind,

72— XX GID, CSE, #HIL Y22 DEY YT, 5LUWVFP, VSPOEI Y Y TkT 5, 72
— XA TV Ta—Zpb 1 34 7B VRKA4DD pOP MBSk VAETNE, 2D
ATTENTZ WOP B DMET 4 28y F « A —F LY, ZOHMTY) YV —23Eh L TH
nz, Ehmae )y —20F Y LB THE OBER%E Table 4-1 ICR 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 | LOP instruction Instructions that have destination registers
VEP/VSP Processing unit for load/store unit Load/Store instructions

Table 4-1 IR T L DI, GID X7 4 ANy F « S A—FHCTEY Y THNE, —/ T, CSE
D4TVEF)BHZY GIDIIF 12N H D, T4 2%y F « Z0— T2 4u0P fiys Al ©
BHoT 58, CSEIITRMHT Y Y 23D 2RETGID EIV Y Toh 3,

FP, SP DEI YV Y THiZu—F A7 - 2=y M COUMEMNTH 25, FHllIX 7.3 ZIT T
H3 2,
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TUR AT A=K Y —ROEYHTHETTH L, qOP AR Y F—v 2y - X7
—vavaFA RSy FEND,

4.5. msa v b

IIv b ATV TEHEBNICETINGDOMENTbN D, SIS DI ZHREE
LU OEERGE L EERITV, MR ETE T IR TCIVEHET I e /74 - F—LTa iy
FEITW, TRy IDT—FT I F ¥ - AT — b RMEET S, Figure4-7 ICRT X H I, CSE
24y VBT OA—ALE N, SN — FHATGID 2E ) M TH5hTwb, CSE~D
HOP iy DE D YT i3 GID i Tfibid 2 & 225, CSE Offft. $hbb@mdhaIv b

GID HifL CHEMi T 2,
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

MAIIYy PITRITL A=K ThRENS 2D, CSENDRD HViH23H 5 CSE 7' v
— 7 bitbhd, a2y POEEIIUTOMEY TH 3,

® [[{KicaIvy I TELGIDIE1D, $7%4bb, CSEZSNV—T%2E/nTDa Iy
FETE R,
[El— GID 231 Y 4T b N7z EHIA D uoP dr 4> iXFREIC =2 I v b T %,

@ Iy }ITIZGIDICETLZHCTHRD TV POPald, M—GIDAD X WHTL
W UOP M D ETH T 2z Fica Iy b T 5,

o HEH D Taken /I IEFKFICa I v P TE AW,

0 NIEMAERTHIIRL T XiZ, ZoplEmaEcaiy b LERome%:
#ES 5,

& 1207 —F77F xS 0EBUED wOP picafRInigA. = Iy FEK
1% pOP AL CRIRECTH b, 7272 L. PC i3HmED pOP fn i I v P ANz
R cHlfrand,

’
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4.5.1. No Exception Mode

AGAFX TIIFE/ NS HE OHIS OE D AR B E N WERED L Fica Iy b ZA[RER
BROFIEIL T 2MAERFEEL C0d, ZNIKED AL TIA Y - AT =V EEIL, TV
AT A —FDY) Y20 H5HKMEREMEL T35, FPCR Y AT L LY RAXDRIED
Table 4-2 D & % IC No Exception Mode & 7z %,

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

4.6. NA T IRy « T7Twvwa

2Iv b ATV BTEMBTETHEDREE, MHOETHERELELL AWV EHBIL &
WAL TITAY T T anHETE, XA TTAY T Ty Al ZU T2 ELD
%0

JEREZ 2 v a

ST I RBFICHAET 5, DT I A LGS, BROoGR IR 72T e T4 - XD

METHLILhbmumaIy b TERY, LT, %ﬁﬁAiwﬁéné w2l 3 NS

IR RETINEEE, $hbbETAT—YCHBEIN S, HBTFHI I Z22HE3 2

L lEL®icTue Y P IV RO T Iy v adfThi, Ebwﬂx®mw7x/fh%%éhé

ﬁt<7l/féntmﬂirn—bén D AT —VCfiET 2, N S B
NITHRATT 2 EBIT_RCa Iy P LTWE I EPMEREINE, Ny 7TV FDT7 Ty vad

ﬁbhéo Ny IJITVRD7 79 adRBTTI2EMEDT 4 Ay FHREMINS,

FHAZ 7 v a

Py BIANEE, v—F A TOIEFRIEER R S X o THET B, b DHERD
FRET D LEBFEMTIIB o -EITHERICARZ I EromBa Iy FTEAY, INLDOFERITM
Sa Iy PRICHEINZ Z O, P2 IV FPORHET7a Y by PNy 72V Ol
TONATIA VBT Iy vadind, 20%, 7rwy IRIELWREBICZNEMHTO 7 =2 v
FHREEING, RAl7 Iy 2, R I v a2t BhoTC7n v b v FD 7Ty a
ERANIITRA RV, ff 72y FLTa— FUERRAWTE R, 20720, STl L
A K BIERA7 7 v v 2 XD ROETHME CICET22F LT 4 BRE W,

47.  FER 7 oA il

T—%T7F M BOFICE, LYZAZXRLAEIVUNO T oy DT —FT727F % - 274
F 2R L CTREREONE D DBH B, TNLDOMAITETHERHEEICZ Iy FLTWwBIR
RTETFINATNE RS v, £, ZOBEMATDOETIE, BITmAPHEERICTET LTS
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CBREE N TOATIEE AV, ThbOBfER RIS 20,
y MCIERD 2 2 DR A B B 5 .

o
N
o
|
-~
N
2
&
o

1

Pre-Sync
ZORIEONRTH 2@k, HERfOMAAa Iy bINZETTa—F - A7 —VIC#®
b,
Post-Sync
ZORIHONRTH 2@mdld,. Zo@mania Iy AN I THRIEMPET2—F - 2T —
JICHED B,

NS O el HIE SN E LR T —F T 7 F v m DA TITbN S, Tl RO a4 13y
SEE/ VATV —BILEHREINLTW S,
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5.

T 4 ANy F

5.1.

5.2.

TA—RRAT=VTRE, TV AT A=K VY =Z2~DE Y BCOfic ) Fx—2 =
VAT —=vay RS) NDT A AN T c ATV a—) VI EITI, AGAFX ITITEED RS
HEDB, FERSICEMINTODEIET AT T4 VORI 2729, Tl L Aok
BfpzERO Lcxrya—-Yvring,

VY R—v gV« AT7—2 3V

FTa—FaNzpoP mfiEtAL—vay 77— LTY)FR=vay - - ZF—av
(RS) T 4 ANy FEN 5, RSIZFETARE. 2 2ET 4 774 VICEH D Y CHlRERMmH D )
LROTVMALLIEICT Vb « &7 - =X T ERITT 5, AG4FX D RS 135 5#El T
B, TNTNICEBEDIZET A T 74 v RERINTHE, FRSIKOVWTHEALADTV Y
B, BIUOERINDFET A4 774 V% Table 5-1 ITRT,

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

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

EAGA, EAGB
RSA1 10
RSBR 19 BR

RSEO/RSEl 3ET54 75 4 v OEHERD» O H DO FEIT AL 774 vichHeRITTE R
W23, RSAO/RSALIZHWDET A TFI74 vicin D% HITTE S, RSOV I VIt CSE ° FP
[SPIREDT U AT F =X VY —REFERRY, MEBFKITIND LRI NDG, HD
W T ERID R T — P I2 DT i 2.8 ED Table 2-6 ICFTk L T 3

FZRSIE2DODEZADLFE—F L 2ODHKTR— b2 ZNENFFD, ZD/DFE—DRSICT
ARy FTE LM 2maIcHREns, FRKICHE—DRS 2OHITCTE2MAIT2MaE
TL7 b,

MR DT 4 A%y F @Mk

A64FX TII RS &L ET4 774 vokR» b, AL —rvav - 7u—DfFfHIcL-T
T ARy FTE L RS ICHIREH 5, Hlz2iE. EXA XA 7T74 v TLArEFTEROFRL—
PaVIERSEO LT 4 Ay FTERY, TDEH, A_L—vay - 78—DF 4 A5y
FRIFFARL = a v - 7u—RETAEER XA T T4 VEBEWER2ERH 5, KETIET 4
2Ny FEUEDHHD D, =L —vay - 7a—0DF 4 X5y FAHER RS ZfEMHEL LT
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Table 52 D X 5 ICEFKT 5, ok, 7~$%7%«mnaﬁ«v Yav . 7u—kZDHEFA
A7 74 voEEICoOwWTikmaEE/ vA4 T vy —EICEEBLTwb

Table 5-2 Attributes of Instructions and Operation-Flows

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

RSA RSA0, RSA1 EAGA, EAGB

RSEO only RSEO EXA, FLA, PR

RSEL1 only RSE1 EXB, FLB

T, TARNY FICHERY Y —R & LTRS DIE2 I Temporary Operand Register (TOR) %
LT 2manRH5b, TORIZTUT L - hy v ZpbHERICARI v FedhffdsL vz
TH 5%, TOR BXE I fir4r % Table 5-3 IR T,

Table 5-3 Instructions That Require TOR

Attribute Instruction

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

BL{R]}

MRS

TOR

53. i m OIRFBAR DR

2T BTNz X DT, A6AFX TIREEZET A T4 VIETART VF - NAANZ9TD
N _FAT 4 BEL B, FFICBEHEGS IAROHEEL 4 7yt 5 <174 0D
HEBRKENZ L2b, MAETERT Y FKFERH 5 & X IZARe R Y [ CETX4 774
VICFHITT 2 EDREFT L, ThEEHRT L0, AGAFX 137 a2 — Fipicmdfiio+r~7 v
FOKFRGBEREL TV, Fa—XRUTOLEERT N THRIZL 72 & Ficm BRIk ED H
% Wi %,
® EXA,EXB, EAGA, EAGB X4 75 4 v CETI N 3 EffiiliEdas. MmiEE
S, Y7 baeTh D,
o HIET AR 2 MAMOA T v NICIKEFERGEAH ., dLAF2@maedic
NZCV L Y A X ZfAL T3
o o2 RSX B, F/2IX RSEEMETH %,

o FRERE R T 2 &, X ROM4 13 Dependence 7'V — 72K T 5., KFRRD
M T ICHT 2 A TfTbi 3 2 ® . Figure 5-1 I3 X 5 ICHifE 3 % o TR R A
» % & ¥IT Dependence 7 v — 7K E N B, F72, Figure 52 IR T Lo icFa—F v g v
Pvﬁgaézmﬂﬁ KBV TIFTa—F -4 v FyoRuy b 0omad, 1 2HiOT 3 —

U4 Y FyDORR Y b3 OMAICR o TRFRRZ I L T Dependence 7' Vv — 7 TR T
ER
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Inst.B is depended

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

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

54.  famT 4 ANy FEIE

pOP @r4yid, CSE, VA —3I v LY 2% VFP, VSP OEI DY THTETT B L, AL —v
a2y - 7u—2LTC, RSETA ANy FINE, COLET7a—DRERMTONLIGHDLH
%, RS ~DT 4 A%y Fld, T 4 A%y FJEPES Dependence 7' v — 7, RS Offff= v + VL
RERERBLCEHVRY PREI NS, Ta—KRABRL72@MHDT 4 2%y FIEIEZ L IC RS
HORONAN—A%Ho>TEY, ZONL—N%flioTRARKL 23 RS DEI Y YT RET 2, *
NEFNOHEVIEY L—LICONWTE LD 5,

RSX @&t
RSX JEM:Dfir4riZ. RSEO/1. RSAO/1 DEDRSICH T 4 ANy FT&E 2B, RS ~DIREY 31
IZ Table 5-4 IC/RT L HICT a—FDRa Yy b T EICHEHI Y Y ThRERD 27— T NICHEDICTT
bhd, TOTF—=7MiCiE, RS OO NI v 2% L 57205 208 VIRY % — v BHE
INTW3b, KFDRSEm/fiZ, RSE0/1 DI bFET Y F VAL I 23 RSEm, P 7T )
MRSEfF LW Z L EEHLTW5S, RSAIKDOWTHREETH %,
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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

COT—7NMEIRSDETY P ) BERL GERI N, EIROAL— VI O%M L Figure
5-3 LRSS G DR TRE 2,
ZfF 1:RSA0/1 BIFIC22& 23, RSEO/ 1 WFICA& 03 H %, F721%, RSEO/1 D
22X DOEFHED D RSA0/ 1 DEZDOEFHEZE LTI 728 L E WELL F,
® ZfF2:RSE0/1BJFICZEE ML, RSAO/ 1 WIFICEE AP %, £7213. RSA0/1 D

22X DOEFHED D RSE0/ 1 DX DEFEEZE LTI EAH L & WELL E,

® ZAfF3:RSE0/1 DEEHDOESDL & WHL L,
® Z5fF4:RSE0/1DEH L5725, RSBR %X < RS DHTRD ZEEHHAL

( 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 Jg a4 & RSA J@tEdn s
INLDEHEDOHAIE. FNFNRSE & RSAICLDT 4 ANy FTELVWHGATH S, £0
7290, ZNZENDRS D0 FD 1 FICEH Y BTz RETNLIE LV, Table5-5 ICHIVIRY 7—7
NN T,

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

HOIREY 7 — T DBERIZSAM 5 & Figure 5-4 DA A HLE TEINE LS,

® 5fF5:RSEm/RSAm ICZEE A5 1, 72 RSEf/RSAFICZEE 3700,

44
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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& a4+ & RSE1 only J& M4y

INLDBHEOMASIZEN Y Y CHEELR RS B 1 DLk nizd, EVIRY F—7 ikl B
HARTRSICEFDOETEFH D Y THNB,

Dependence 7' v — 7 D4y
Dependence 7 v — 7' % fE 2 i, 77— 7 OEHED G D 2 EIEICE D WE Y T
BTN %, bt a XS L B L RS ICHEBICEHI )V YCriEI N D,

Ta—F - 2A7—vo&Ray bomaid, #HlC EREREOBE VIR Y v — it onTE Y YT
RSBREINE, 2070, Ta—F - A7 =YLl 3 mb U EomfsFE—o RS iICE
DUTOHNEZERDH D, HERSEF2DODHEARFR - L2FFo T W0ad, FH—H 471
K2@MBETLET A RNy FTERY, ZOHA. YOO 2@HDHT 4 ANy F 2T, 5K
DDWMHIET 4 ANy FEINR L, HOTRDIAIALTT 4 ANy FEIND I LITRD,

¥72, TOR 2T 2SI TOR ICEZ Y F ) B ATFhIEARL T, 22, H—3A4271ic1
WHLDET A ANy FTERVEWIHIRIED B,
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6. e ELT

UHFR—v gV - XF—Yav RS) KT ARy FEINLARL—vay - 7u—lF, TV
P oA T A= FWCRAT Y a =) VITINETA T T4 VICHITEING, HfTES N7 m -3
TN T IAVICEEINTO R HARTET I NS, S FEfTL IR EETRr—F /X
TEDAEY - 77 RAETEDD, AECTRHEREMPOERE LTI N[ T4 v, LU
—F /R TMHDOFEMT FLRER AL T T4 VDT FLRAEHRER T — V0% E T4 77
AVvELTERYES,

6.1. moFRlT

FRU—vav 70 —3F /=R - FT7VFEPAHAAEICR S FTRS ICTHET 2, V—
R e ATV FBFIHWBEIC R o 72 7 v — 3BT REREE 1B T %, RS 3FEfTlREAR 70—
DOHHLLEL, 2o, FTED AL T4 VEHTRER D DEEN L THRITT 2, 2hid
RSATR7 YV a—)vr7adndu—F/ ZAbTOF_L—vav - - 7u—bHAETHE, 4+
L—Ya v - 78a—0FRTIZEEARNRNIC RSEO, RSEL, RSA 2AZICHIME & L5 25, EHELDEIT¥
A7T7AVPHEELTC7 0 —2E 7T 3 0ERD 3 & X FRYEHE A5, £72. RSA0, RSAl
IZZNZFNEAGA/EAGB ¥4 774 VICHRATE 3720, HICHEWICHBI L CHIEL T3,

¥, EfRT—VTCOFRL—v 3y - 70 —HEHONRDO 70— 3 OIFICHEI I NG,
ThOL.RSDIZV Y2622 07 —03RfTIN28FL 7% 5,

Ve = o ° =
62. EKTXA4T7 74V
RITANA T T A v & BREAROMA G D% Table 6-1 ISR T, RfTATFTAVIEKRELS
R T O, ZNENDAATITA VICTHBHRHECTH2HRE 2=y FARBEI 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

BEOGERR A T4 VIFFICBREGDOHBEZHY T2, 7 VL RHER N 774 vicit
FERNT FL AR D70 OFEIR L . SR ERE % £F o 7284 ALU (Arithmetic Logic Unit) 2°
FEEINTEY, BEGHEG SO 2 ETTE 2, FE/NMUREE R X SIMD&FP & SVE ©
HEMHEETTE 5,

Figure 6-1 IC/RT & 10, HHEANAL 774 viZZhZ R FX—=v a3y - AT =Y a3V (RS)
KEIY BToHNT WD, BRIICE L T T4 VIS L CEI{ET 225, EXA 4 774 v
PR ¥4 754 VIZRSEO DFITHR— + 2HET 2 L bEBFCHFEZRATE R\ E W 5
Kb 5,

T FLVREERD AN, T4 VE, a—=F /R FT - XA TF74 vicgEahTnT, m—F
SANTRAOEMT FLRAOHEBEKERIFERE e —F AT - XA T4 VILEL NS,

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

) m— I — . . PT

1.1 CdCd [ L] C1  PT2

L L] PT3

Figure 6-1 Outline of Execution Unit
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63. ZuvXxyvHlE

W OPDARL =Ygy - 78—l @ZE T4 VB TE RV DR D, TDDDH]
f{z7Tuy Xy 7y, Juyxy SHlHciz 4 TIA4 v - Tay v reER oy 2y
TWHb, NATTAY - TuvF IR, HBEAATITLVICEWTHEEZETL TS L
B, ENPRT T 2E CHREOMDAETEZXIMNT2WHliices s, HEZay F v L3, H
%37°D v F VOB EFOMBEREITLTCVILE, ZNBKRT T3 ECRALER 70y ¥ v

BEOMERITEZ2ZIMNTIRVEIETHE, 4 TF74 Y - Tuv XV I/ TRIEDAL T T4
/LW#&éﬁﬁmﬂ%%ﬁfﬁﬁb@ cHL, HWET ey XY S TCRBITTE L VEREMS I
HWE 7oy XV 2 HOGRDATH S L WIHTRARS, HlziX, 7oy v 27Hch 3
SDIV i W EITIC 9~ I A 72T 5, C0& g, ETETECHEE Yy ¥ v 7 Modam
FTRETTERVD, HOMBETHNIRITTE S, MmHl o7 oy v r7EBERGaEE
LA T vy—BRICHEHL TS

64. WYHEHL A X - T 740

AGAFX DPIHL VAR « 77 ANVIE, T—FT727F % - LYRZOHBAI LI T HLNTE
WIXNTVE, YL YALX - 77 ANDHA LR — b, BEARFE— b LEFAA T T4
v O BAfR % Figure 6-2 1083,

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

HH Ll LIl
| PR | ] GPR

Lo

FPR
PR
GPR

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

Figure 6-2 Connection Relationship Between Physical Register Files
and Execution Pipelines
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6.5.

R IR 7 i 4 il ]

6.5.1. Merging Predication

Merging predication 57K D SVE 4y i3 Predicate L' ¥ 2 X DEAFIC L > TT 4 AT 4 A= =
Ve LVRREFASMNICEH T LI LN TEDL, DL E,| Inactive RERITATEIREFS
%, AGAFX Tlt, Z ORIMEMRFFOBRIEZEEMROEN L T4 AT 4 A —vay - Ly RXL
DEBROBRFEABEL L TREEL T2, 207D, TAIZ 77 4 7@ LFAKICT 4
AT A A= ay  LYREIBY =R F_XT Yy FELCHHEAIND Z L ICHEESLETDH
%, 723, MOVPRFX fivs DRI IC T Zeroing predication iR 2 LT, T4 AT 44—V
IV LVREDY =R - FRT Y FELTCOMHAEMIET 2 LA TE 2,

—JTT 43 ETOHMAD X 51, A64FX Tld MOVPRFX i ICEH & 4172 A4 3 Pack ALFHE X
NTIODT—F77F ¥ LTTa—FIN2, Pack WX 7z 4D pOP 73
WEARICHRERIOT — %7 7 F ¥ B ONMREICE L v, L Lt s, Z OEEAfiC Merging
predication 23f§E XN T35 & ZICRY | BIMD pOP AV ER I N 5HE1H 5, Znid, Al
BOXICTARAT A A= ay - LYZRZDOHEANLBMLTEICR Y, WEMOMSICL > Tk
Pack LEHED Y — R + ATV FER | e H 72 Y OFEFL Y 2 2500 LE O FR%Z B <
LEIRDTHE, ZOLIBEA. LIYRZGZFARLDOLDO nOP S ZBMEKT 5 2 &
TLYRAGA M LEORIRZBEL T2, BilENs L YR ZEA L pOP it KT
IWOP 5 CTH O, FETL ATV IFAF A7V THS, TD poP s 1FTHE D A% poP a4y
& OMITHAEBAR S % & L ITHERB LI TH 5, MOVPRFX 4 ICERfi & 41, 2>D Merging
predicaion 578 D & ¥ I uOP @B E N e izdvEl L4 7 vy —EiciE#H I hTw
%,

6.5.2. LY A R [EjiEEk

PHL Y22 RIS L O 2 X Predicate L ¥ 2 X ZREBTRICHE 3 2 @i, 20 Fh
DL Y RARDMEERET 5 720 ICFFAGIEALETH 2, Thid, FPHL Y22 O5AHL
R— bt EEBERAAR = F BT RCOET A TIA VRKRCER L TRk Ths, TD7k
b, BEOANA T TA VRFEEFAPE S TEERZUHEL T b, LY RAX DA DS &K
FIC X D FEHS R B 720, HlEHWCEHAT %,

MHL YR 205 FE/MNIR L ¥ R X~ DHLE
FMOV (general) fiy4r, SCVIF ik LicB VT, V=R - LYRZXICPHAL Y A X, T4 &
FAF—ay - LYZRZICSIMD&FP L YA X% {EE L EDBIECH B, ThdDmf
. WHPIBEEL X200 Y —R - ATV FEFHAT EXA TETENE AR —va vy -
7u— (EXA 780 —) &, FE/NGGSYEL P2 2IcH T v FEEEAD FLA TEITEN 3
AL —vay 78— (FLA7R—) Kol N THEITINE, 7a—FfTOX 4 LF¥—}
% Figure 6-3 I,
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123456 8|9 10| 1|12 13|14]15]|16]|17]18]19
EXAflow | D |DT| P |PT|BI|B2]| X
FLA flow p | pT|P2|P3| BI B2 | X1 |x2|x3|x4|x5|x6| Y |UT

N C|w/|w

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

FENR L Y 22D O P L YR X~ DYRE

FMOV (general)

A
SN

FCVTZ* 57 ElcB T, Y —Z « LY ZXXIT SIMD&FP L ¥ &

R, TARTF 4 A—vay  LYRRCHAAL YR X 5EE L 208ECch b, 2hd D
I —=FANT XA TITAVERFSTHRT VY FPEEEEI NS, FLA ICTETEI N5 FH)
IRV AR DS Y =R - ATy VegiahidTA L —vay - Juo— (FLA 71 —)

ELB=FSAMT - N T TAVICTCETENZIAYEL VAX AT v FEEEAD

LD 70 —D 2 DI HEHINTETINS, LD 70 —30/1 FEDELLDAL TF4 v THHE
fic&s, 7u—FEfTOX 4 LF ¥ — b % Figure 6-4 I</”" 3, ¥, FLA72—& LD 7u—|%
FERIIERIATH 2720, LD 70— 3 E LI ITDO XA I v I CERITINLHEEN 2 H %,

112 (3| 4 5 6 7 (8 (9(1011 |12 | 13 | 14 [15(|16|17 |18 |19 | 20 |21 |22 23
FLA flow D |DT|P |PT|PT2|PT3|Bl1|B2|X|U|UT|UT2|UT3|UT4
1*'LD flow P|PT|Bl1|B2|A|T B| R | RT
" A | T|M|B|R |RT|RT2
2" LD flow clwlwa
Figure 6-4 Flow Time Chart of Transfer Instruction from Floating-Point Register
to General-Purpose Register
EAULR D
6.53. FEIEHULE D

AGAFX TIIFB/NERADIFEHBOEBE L2 FKk A 7 e v ¥ - = FE AT —F
72T TCETLTWS, 20720, FEERBEOERE LTI LA Ty, AA—7y MIIER
LB DERDOZN LT EE D, —fle LT, KD FADD (scalar) DL 4 7 v v 13k
WHIAINVTHE, TOF—FTCREFEBEUHELTRICA Y - F =X, o7y F vl
NB7=0, HEOA=L—v a v« 70—l L CEITRRS MY 3,
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7.

Axl) - T I7kX

7.1.

AEY - TI7RRFIV—FRAPT - NATFAVICTHUEEINGE, VFR—va Vv - AT —
YavhbRITEINEZT—F /A FTOFRL—vay - 7u—i, ENT FLAZFHEINT
O—F/ AT - XA TF4VICBEAINE, B —F /AT - XA T4 VIRIET P L RZ
BaEfToCLIDF ¥y a~TZ7ERAL, —FOARL—Yav - 7a—hbiIT—2%%5
AHL, AP ToARL—vay - 7u— b T —2%2EXAL, £, v—-F /X7 - 0¥
ATF54 v IEFr vy I RABOMILEY IS,

H—F/ZAFT - XA T T4 vDOME

O—F /AT « A T4 VDERBRE 2 -1, BIESATIFI[ Vv - 27—V %
Figure 7-1 1S3 9

0"-pipeline

| LI-DTLB | [ LID TAG / DATA

Figure 7-1 Outline of Load/Store Unit
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HfoREY 2 —LDEEZUTICE LD 3,

Fetch port (FP)
0—F/ X THHOETIEFEZEMRT /200 F2—Th 5, mODIETFTDAZEM

9 % Virtual Fetch Port (VFP) &, @ —F X+ 7D 7 7+ AT EH T % Real Fetch Port
(RFP) FEHEEIN TS, VFPIZIZT a—Fifice—F X b 7Taad4 w4 — ﬁfiﬂb
BCTHND, RFPICIER—F /A FTDFRL—vay - 7r—=03R%T3N5 L i,
Th AT A—XTEHY B TOND, VFP, RFP & b IC@ D EITHAET L7z ﬁ@ﬁa’é
MATHEE Y 4 v - A= XTI NG,
Store port (SP)
AMNTWEOETEFLEANT « T2 %2EHI2/720D0F2—ThH3, mHDIEFD
H%EH S % Virtual Store Port (VSP) &, v —F /X7 D7 7k XEFHEH T 2 Real
Store Port (RSP)ASFHEE X N TV 3, VSPICIZT a2 — FEFICR P Taa 4 vA—XcHlY
YTHNB, RSPICIEANTOARL—vay s 7O —0BRKITINBZ L EIC, 7Y - F
T A—XTEHYVETHNG, VSP, RSP L DICAPTaaAa Iy bL, AT - 7T —
X 53 Write buffer ICEHZATN S LRI NS,

Write buffer (WB)
WKHDLAMT - T—2%LID % v ¥ 2 CEZADANIC—FFNICRFT 2Ny 7 7
THbH, % H’unn@: Ty MEIEE LID ¥ ¥ v ¥ 2 ~DOFEXARBEEZ DT 2720
KR bhTns
L1-DTLB
T—R T 7R RACHBERT F L ALHEREZRFFT 2 1 XTLB TH 5,
L2-DTLB

T—R T 7R RCHERT P L ALHERZRFF T2 2 R TLB TH %, ¥4 774
LFicidBnizwsy, a—=F/ A7 - 2=y PRIKEEIRLTWS
LID ¥¥y¥a
LID¥ vy yaD7—X& X7 EREZRFET 2 RAM TH 3,

EAGA, EAGB
0=/ AT @RORNT FLAZERT 2 HERTH S, WHREL=y XTI h

LW, XA T T4 VAT =Y ETEPAT—VICMNET %,

B—F/AF7 - 2=y MZBWTE2AR (0F. 1HF) O 774 VBEEIN TS, 2
KDAAL T4 VIFEERMICIZFAROBEEEZE L TWa25, LIDF ¥ v a~DEXARY 71
A MLUEIIZOWTIZ 1 TSN T T4 VOAPUHETE S,

O—F /A T7DRLTF54viFva— ey 702 008EE— FifoTwn3, b
DEEE— Fld, EERWITIIMBICI o THRTF o TS, S oEffE—FEHe—Fmsdo
load-to-use L' 4 7 ¥ > % Table 7-1 IC/R$, 727°L. 29 DL A4 T vz T~/ k>
I, AL —vav s 7u—3BHRT -V CHEETIHAIILA T U B ASRET
%,
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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 S 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 - -

0— K,/ & b7 ORARYEE

0—F/RXMT - XA T4V, Elue—F XA MT@HDAEY - T 7w ALLIDF ¥
Y aDT =R T ANSTA Ny TENET L, IO RUTOEAN AL -3 v -
7u—TCUEING,
LD 7 u—
O—F@MRDAEY - 727R2RA%{TH)> 70 —Th5, A7 FLRALHE LID v v
S a~DT 7 ADTRTOEEERTTI,

7.2.

ST0O 7 v —

A PT@RAEORET FLALEHE LID ¥ ¥ v aDR ST 72A%{75> 70 —Th
2, LID ¥% v a~DT7—2DETALITORV, X7CT7wAT 5L TLID
Frvianey b FxvrETI,

ST2 7 —

AMTTF—=2%LID ¥ v alEZ AL 70 -Th3b, | F 4774V TDOARE

fIc& 5,
MI 71—

T—X 74 NDIzOD Move-In 21T 70 —Thd, | Fyvaffvo
Move-In i 4 7 0 — %L T 5, 0/1 FOMANA 774 VFEMAL T2 7 v —F DEST
35,

MO 71—

FAL RNy 7DD D Move-Out BfE%#ITH) 70 —Th b, HERWIC1 Fxr v aT4
YD Move-Out I 4 70 —%MhBL T2, 7272L, F4 PNy 70 ROF ¥y 274V
Dclean THBEEII2 70—l b, 0/1% OWli<4 774 VvHPRPLTC2 7 —F
o, £7i31 7u—FoEFTT B,
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72.1. v—F&ad

o — N OEAREEICOWTEHAT 5,

. P—=F@al 0P @HIc7a—FEINTVFPOI Y FVICEY LY TENE, v— F pOP
MAIE12PDLD 7u—¢ LTRSAICT 4 Ay F3 N3,

2. LD 7u—2ETAEEIC S & RSA LTI 5, EAGA/EAGB ICTERT FL A
HEINh, 0/1BFA T4 VvIRAINS,

3. EAGA/EAGB 2L A SN/ LD 7u—iF, JERT Y2 — I CGERI NG L =T
TARKO0/1TEHANAT T4 VICEAING, FIRFICRFPOT Y b VICET FL Rt
ZiAte, 0/1 %4 774 VI EAGA/EAGB 7217 C7%  RFP & WB b #fta Tk
D, ZhoDFL—vav . - 7a—-bF T3, YOorL—vayv - - 7u0—%2ET
TEDPEFTER T 2 — T BRET S,

4. “37 1BV T, EAGA/EAGB 2L AIN/ZLD 70 —RR 7Y a—JICERI NAn
2572 EIF0/1FENA T4 VITEAI AR, LD 7 7 — (3 RFP ICEITA[REIRIE CFF
W5,

5. LD7u—30/1%& 4774 ICTLI-DTLB T7 FL RAZE#H%Z{TWvoD, LID F % v
YaDA T =2 EHEAN T, LI-DTLB & LID ¥ ¥ v =il v M3, FiED S
AT FAY AT —=VIR>TCT —ZkGAHL, LY RZIKT—2%FEAL, LD 7
0—DFEITIETT 5,

6. “5” ICTLI-DTLBICk v F L7\ & ¥ i3, L2-DTLB & Translation Table % B¢REM i #ZR
L. (K7 FL AZHERZIET 2, LIDFry vy v 2 I AL ERTHNOFy v v a
BE» o7 —2 %8G LT —X% - 7A0%f79, ZOLE, MI7u—¢ MO 70 —23%
fTans,

7. LI-DTLB., ¥ LIDF v v iz IABMRTZE, HERFP 2L LD 72 —230/1
FRNRATIAVICHEAINTEITINS,

8. LD 7m—REFETTILue—F pOP@arid= Iy FA[AEL & 5, VFP, RFP DTV |t
Vida Iy FEFET, BIToe—FR%E T LTI nsg,

LD 7o —DQMIF LI-DTLB & LID ¥ ¥ v aick vy FT3RY ., EARWIC1 70 —T5ET
T2, L2L, Fxvva - IRABRETLENLTITL4 V~OFBARBLEICRS7280, LD
7u— 1 3ERNFETINSG, T2, %D Multiple Structures A4y =° Gather / Scatter iy 1¥ 7 F L
ANZ =LY, Frvvalley FTE5LETHOEBEO 7 —itpEINETEING,

722. A MNTS

A b T OREKREEEFHHST %,

. AFT@HEFpOPHHICTa—FEh, VFP & VSPOKT Vv F D ICHI VY ToHnd, &
F7 wOP iy4rid STO 7 v — b F— Rk 7 n —ic i b TT 4 A8y F &b, STO
ZU—ZRSAKT 4 ANy FEIND, T—REE 70— 3 A b THHFEDO 7 1 —T,
AT T—=R%E VLY AXD L RSP KHEET 57200b05H5, 7—2imk7 v —i
RSEQ ICT 4 ANy F&N 3,

2. FT—Z2EEET7u—3EITA[REIC B L RSEO bR TENE, COF—2fEk7u—0
FITIXSTO 7u — L RIERMITH Y, EHORICETINI2IFRE o Ty,
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3. STO 7 u —2NEITR[EEIC72 % & RSA 225 F{T&N %, EAGA/EAGB ICTEMT FL X
BEtEIN, 0/1F L T4 vicEAEIND,

4. EAGA/EAGB b AEN7=STO 7 —F, FER 7Y a—JicTGRERENB L 0/1
BNATTA4 A ENS, FIFICRFP & RSPDO TV b VICERT FL R EEEZA
(A8

5. 4 ITBWTSTO 78 —2FHER 7y Y2 —J IR RSN o728 EiX, 0/1F~A4 7

T A ITHRA ST NSIT STO 7 1 — 13 RFP ICETA[EEIRE TRt T 5,

6. STO7u—130/1% 4754 iCTLI-DTLB C7 FL 2Z&#%{Tvo>, LID ¥+
vy aDRTHAMLDAREITI, LI-DTLB it v b FhiE, 7 FL AEfgomE T
FDX%SP’ﬁffé LID¥vvyraicky FLAaVE X, THOF ¥ v 2 fE

LT —2ERDY /TR M EEENT S, EHELOHATH STO 7R —0FETRFTET T
%4

7. “6" IKHBWTLI-DTLBICk v b L7\ & ¥, L2-DTLB & Translation Table % EXFEY i
R, AT F L AL REREZIE T 2, BGHICSTO 7 v — 2 AT %,

8. 6" KBTI INLZT—FERDY 7T X MiE, STO 7 v —DFET L IIMIITF v v
Va s IAQEEFTS, COLE, M 7R—E MO 7R —DETINTT—4 + 7 4
A Thbih b,

9. STO7R—C¢ T —XR7 0 —DETHTETTSE, AT pOP sl = I v FAffE
b, AFT uOP M3 a Iy FENB L, RSPLALAMTOYHT FLRALETF— 428

Bicfinhs,

10, WB2>H ST2 7u =B ENT 1 H A TI74 Vit AZhd, LIDF vy alle
YT BEF—REEXALEITVST2 70 —DEFTHETT 5,

1. “10" iICBWTLIDF ¥y o« IABFAELLLEZEF, BEFYyva - IXAONHEE
19, Frvvva - IAPFRINDI L ST2 70 —2FRAL CT— 2 EBEALELT
Do

ZFTHaEIESTO 70 — Tk T — 2 FZAABTbNT, meDa Iy FRICST2 7u—T
EXABRZEITI, THIC, STO7Tu—¢ ST2 78 —DZFNEFNTLID ¥ ¥ v a2 I ARHKEET
BAREMEDSH B Z L ICHEENLETH B,

7.3. Fetch Port / Store Port

7.3.1.  Virtual Fetch Port / Virtual Store Port

AG4FX TII AR D#EBE % FF-2 Fetch Port / Store Port 12/l . T, Virtual Fetch Port (VFP) / Virtual
Store Port (VSP) 23 EE I CWwWb, VFP/VSP X —F /A TWMHED TR T L+ =X DA
ZEMT 5, ZIICHZ T Fetch Port/ Store Port 130 — F /A M T7D7 FLAZREFLTAE
V- T 7 ZADFETIEF S EH T 5, AE TIE Virtual Fetch Port / Virtual Store Port & XI5 % 7=
&, ARk D Fetch Port / Store Port % Real Fetch Port (RFP) / Real Store Port (RSP) & §ii3 %, VFP/
VSP & RFP/RSP D Bif%% Figure 7-2 17", RFP/RSP ICiX VFP/VSP O—#D v 4 v F v i~
vy 7INTWS, RFP/RSP~D~vy 7k, 8 —F /A FT7OF L —vay - 7a—p3)Fx
—vaVv RAT—vavhroRiTIni L ifTbivd, RFP/RSPOT Y P VEL Eiz~y 7
TERVWED, ZORFIMARTHHIRINS, VFP/VSP 37 2 — FERRCEI Y BTohbDIiC
I LT, RFP/RSP R@AETHICy vy I3 nTuildl vwizo, fdoF a— FEHCHE
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72 RFP/RSP # Bl CT% 3, CHICX>TRFP/RSPDO Y } Y REICEKT 2T 2 — FiFD =<
F—nEEEEL T3,

VFP
[ «— Allocate at decoding.
RFP
A

VEFP can be released A x
when complete. \

Mapped to RFP

when inst. issued.

160 entries

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

7.3.2.  Fetch Port / Store Port D &[] ) 24 T

FP/SP D& b YTHizMmAEIC X o THRE o T3, FEARMICE — Fid i3 1 pOP frdricxt
LCFPO 1V FUMEDLCOLNDE, A Tardrld | pOP M icf LCFP & SPDOZENE N
1l IDEYYHBTHEND, — T, SVE D Gather / Scatter 4 X (X SVE @ LD[234][BH] /
ST[234][BH]fir 413 1 pOP @4t L THE D FP/SP O v F Y BE D YT obh b, K@mHo
FP/SP OF| Y YT BB, v A 7 v —EBRICHEHL T2

7.4. Write Buffer

AGAFX TlZa I v FLZAMT@WADT —2IZIWBIKEEN, ZOHBATVa—FICL»T
FEOXA4 IV TLIDFyyvallHEATNG, Tk, a2 IvibeFryvano
BEABL WS 2 O0DER DT 222 T, a3V FORF—AZHIRT 20O WRH B,
WBIREAMWIZ 1 =V FVH7Y 6454 bTHY, &8V I LRSS, LID Fv v
VanBERADEROTF -2 BRI, SPEEFEAD, TRLADTIAL AV I
BIL CHliI2H 2, WBICIRIFENE T — 23, 204 XIGL THEYIRT FL R - 774 2
VIELDZRERD L, TIA AV IHIFICERLT, WBIRT -2 2EHEADBRICT—% -~
=, TR T2 ATV v b EMEINIBEERRET AV D L,

TR ew—=Y, T—% - A7V v+ DO—l% Figure 7-3 IR T, WB 264 N4 F ROFEIA
AT —RAERFETLLE, TIA4 AV I 644 P THIRBERHL, AT - T—2DTF
VXﬁMfWF-7?4XVFT&mFA’M\”—&u&ﬂ4bﬁﬁT17ﬂvbéﬂf#

b WBICEZIAENDG, KA, SPLHLART - 2 EEAGRETEITTs v I
TERDDIGEITE. 2oy PV ITHLTEHS E’JLT REEZALE ET—V T30
TE 3, v —VIIEREITZ 272D, T—FZ2ENVNIWHEASIEILID Fv vy a~DEE AL
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BN AL B2 03B 5, s, WBY—VEAEY) - A =X ) v 7 OfilfIN T 5
7o, FRSfEiizL e ThiThbhAavigab H 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

WBOIY FYREMHT LT —2RE~—VHEEOBEIMNICL > TRA S, %% Table
7-2 IR T,
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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. wB—F/ANTDTU L FT - F—XK

AT

AGAFX Tldu — F /R P TS E2HANICIET Y - 47 - F— X TCEFLTCN B, —F
T, AEVKEDH B AL Tah o — Fard i MKEBGERE L7 ECIEL WIEFECETL &
Thida b, AV KEOHZ R Tiad v — Faf i EARNICUT @ 2 20 8)fE ClEF

RiE% LT\ 5,
Store Fetch Interlock (SFI)

T TE2AMTMAOLID ¥v vy aHEAR, Thbb ST2 7o —05% T T T
DR — FaRDETERELE2EECTH L, HITA T TRROYET FLABHEL T
2LEIR, BFEOT—FMHDOLD 70 —130/1 %4 774 Vit AEI NG, BITX L
TOF7FLRED—EHNTELETEFvy AL, LD 78 —Z RFP TX }F T D5E

TECrET 5,

NRATTGA YV« T7Fvva

FATA L T OMET FL ABRIEED & 2 OBETH 3, HITA L THHOWET
FLUABKIEEDRECTEIERO e — Pt o X2 VKEEZRHTE hvizo, %o
0— N5 o LD 7 v — 3 BEMIcETING, 2%, BITRAFTHED STO 7u —D
FITRHICETHEADT - F@RHDT7 FLAEH]IET 2, chick b, 2& VIKEIREX
NBERFTHAHDAIY FRICAALTIA4Y - 75 v a%fTwv, v— Pz HET

INn3,

7.5.1.  Store Fetch Bypass
AR X 5 12, Store Fetch Interlock (SFI) ¥R b 7Tax R BB RICTE T T 5 L THREO 7 — iy
DOETEZIEDTLE D Z L2 OHR~DHWERKEV, ZOXFAT 4 ZENT 57201
Store Fetch Bypass (SFB) 235 X1 C\w %, SFB ki3, #iiD v — F@ai TR P 7ma T —
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X% SP E7/2IE WB 2 OLHAHITHIEETH S, COBREICKD, v—F@HEA N 7TmHOxET
BREETICETT B LRTES, 72770, SFBIld A — FV =2 TOEREFHK-ALTNTor—F
e 2 TR OMAAEDETETTE 2D TlEA\V, SFB AR[FERFHA A % Table 7-3
L Table 7-4 1Z/R$, F72, ABD X HICWBIZT FLADT 74 A v Mchlind o, 2202
IV IV ERELVTONANR « T —ROGmHBHLBTERNWI L5, SFB 2 ETI 2 21CX
NARZNROTFT —ZR 1TV FVICINE > T B HBERD B,

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

Load Instruction

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

Instruction

ST (1) v

ST (2-1) v v

ST (2-2) v

ST (4-1) v v v

ST (4-2) v

ST (8-1) v v v v

ST (8-2) v

ST (16) v

ST (32) v

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

(ETo Instruction S Instruction
Name Name
Length = 1 byte _
e Leagh o
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 _
LD een) Leagt 2o
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(2-2) STR (predicate) : VL = 128-bit
Length = 4 bytes _
LD e Lt o7
LD (4-1) LDTR (general) - W ST (4-1) STR (SIMD&FP) — S
LDR (SIMD&FP) —§ STUR (SIMD&FP) — S
LDUR (SIMD&FP) — S
R Length = 4 bytes : Length = 4 bytes
LD (4-2) LDR (predicate) : VL = 256-bit ST (4-2) STR (predicate) : VL = 256-bit
Length = 8 bytes _
LDR (general) — X Length =8 bytes
STR (general) — X
LDTR (general) - X STR (SIMD&FP) — D
LD (8-1) LDR (SIMD&FP) - D ST (8-1)
STUR (SIMD&FP) — D
LDUR (SIMD&FP) — D ) .
. . ST1 (multiple structure, 1 register) -
LDI (multiple structure, 1 register) - (8B4H[2S/1D}
{8BJ|4H|2S|1D}
Length = 8 bytes Length = 8 bytes
LD (8-2) LDR (predicate) : VL = 512-bit ST(8-2) 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 ST(32) 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
3 = = y
752. TUb AT A= XETOHIK
n—F /R bFT@aiE, o= F AT ORNRT FLRABRL > TOTIEARRICT v - A

T F =X TEITLTCOED RV, LeLAaREL, "—F 7 2 T7TORESK 257 FL2A—HD
MHHZEAEIC I o TRy, ZD728, W D DEFITE W TELIIC X £ VIREF 2B
LCLEW, 7Y F - 47 - A—FETOHIREFEET 2, UTICZOEGEEZE LD 5,

Predicate fEffio 7 — F /X 74 @ inactive B3R 1317 5 il

AEVREOBE T —F /A T@fOF X CTOERD active bbb, ZD7%k
. Ak inactive L EFR DT N L A TREM A € VAKIFHFEEST 5, HISMYIC, 2 b T dr
BDOEFDT X T inactive DIFFICIT A F TEIEZ Db OB IND Z L LR AE Y
AEIEFEAE L 7\,
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7.6.

Gather load iy 4y 1C 3513 2 Hill#9

Gather load i D 2 T OEED AR L —v a v - 7u—4GH I hFIcETING &
T, ZO2RTBPEENEFryvia - TAVOREKREAT VIKTFOMBEMNE 5,
KRD 2HFEDOT 72 AUSOHIH TEELLA € VKR FET 5,

memsize 75 4 N4 FRiEO T — F /R b Tan i B 3 H1K

SIMD&FP @ Vector @ — F /A + 7aysr & SVED B —F /X F 74 Tld, A £ VIKE
DRI 4 N4 PRFBBACI TN S, 7272 ADEHET FLALEIET FLABZN
Ea "4 PRERICHR S XS ICRRE NG, 2D, ZDIRE L TRMBIA £
VAKTE A FEET B,

Multiple Structures iy 43I 3513 % #ill#Y

7.8.1 ECTOFHIHDIE D . Multiple Structures iR D X E Y « 7 7€ A I L ¥ R X HEACIT
bihd, TNOLDAEY - T 7+ ZADZEM L memsize & Element . L ¥ R 2 DFE L
LTl bz, o, xEVKFORELEF Y2 - AV Ehd, T7ER
TERICETIN X v v va s TA VBTN THRENRE R E, 20720, KkoT 7%
A HFH A CEHU A & VIREED FEF 5, £ 72, SVE @ LD[234]/ ST[234]iC BT i,
H#1C Vector Length 2% 512-bit TH 5 & L TbiL 3,
WKBERZFZu—F /2 7Tadicsid 5l

D7 L b memsize DHENTT 74 A v bENTnwde—F/ X Tirsad 4KiB ER %
FWTT 7R T 5L &R, AEVIKERTEEEYIT FL ATl Enin, 20
720, T FLABPELRZ L ETH o THRUUA TV IREDIRETEIHE5DH 5,

A v 774 rpou—F /2 FT7aaicsd 54

O—F/ AT - RNATT54v %AV 754 bhoo—F /2 7adlox s )R
EFREEMIT FL XA Tiibhk\y, 2070, YFT FL ARRL 2 & % T 5L A
EVIKEDRRET 2560155, Coflfiir~L—rav - 7u—23FP,WB ICf#H L
TWd e FITEREEL W,

ZFTRADOLID ¥ v v a3 RiCETBHIE

ZFTWBABLID ¥Fvvia: IZ%2T3L, 20BKEOT — Fadid AT VIKFEOR
HARZEAYHET FL2Tidfibhiv, 2070, YT FLABEALSZ L ETHE
BAEVIKEDBRET 2560355, ZOFRIEAFTHREFOF ¥ v o I AR
TELHEING,

NA T T4 VEER

O—F/ R T - RN TTAVDOFENRAT T4V 1 TERAT T4 VIIBREICELR D B, £
DIz, FNFNDAL T4V THEDOF L —v gy - 70 —%ETFRILFTES, £
TOREZR N4 7S A VichHilfIi B2 70 -3 5, 72, 7u—DfAAEDLRICL > TiT0F
ATFAVE 1 FEANATITAVICRARFICEATERWDDRED L, AL —vav - 7a—0
RAT T4 v OFREMEIUT oMY THh 3,

Ml 78—, MO 71—
oD 7u—3NT 270 —%RTELTOHFE A T4 v 1% 4754 vicT
BRCETINE, Thbb, 20O 70— RBFHCETINSG Z L1300,
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e ID7u-—
OFNATTAVE I F/EANATTA VYOS TEITTE S, 72U, ST2 71— L ZFK
IWETTER W,

® STO7m—
OFNATIAVE I FEASAATTA VYOS TEITTES, —EHORX T TirHd STO 7 12

—|3 ST2 7 v — L [AIRFICESTTE %,

® ST27w-—

1 BAATIAVOBRTLIETTER Y, TOEE, 0F A 754 VIT—HDOA T
D STO 7 v — L 2:[RlRfIc T

TERW,

ST2 710 — ¢ AR ICEITTCEEARL—v gy« 78 —(3STO 7u—DHATH S, 7277 L.
FREAFI L DO TRTORFTHRAD STO 72 —BEFTTEEZbITTIEE Wy, ST2 70 —2¢
[FIRFICEFT R AEZR 2 b T & £ DA% Table 7-5 IR T,

Table 7-5 STO0 Flow Conditions

Instruction Condition
. . ST{TIU[}R — X
Integer instruction
STP{NJ}P — X

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

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.

7.8.

a4V TR

o — Faraoficid, 27 e b memsize ERICT FL A - T4 XAV FBMREEI LT3 &
ECHOoTHAEY - TI7RDOHFAVB 20D F v vy a - FAVICELZRDIEERDHDL, £0D
Io% A=) T/ RREF Yy L2 TAV - IRR(TAV - 7 RR) LI,

FAV - 7BRCEVWTIR, MHADFryva - T4 VvBFryvia-y b T3RHIFL
TAREELRY, ZOLE D731 70 —T5% 7 T3, =T, Fryvia- IAN
HELZLER, Frvva  IREBoEFryvia - TAVDBRITOADEAETH->TH,
ZOLD 7u—2fiFrvia - IR LTHRbNE, /2, ADFrvya - 74 TH
Yyva o IAPFELZEZR, 2200F vy a - I AU EEBICER TR 3,

BB, TAY -7 RFR— FMAORCHAET L, X P THHO5E. WBICTHEAALD
TRFLABRT FARAVFEIND72DTH D,

Fifkew — F /2 b 7 i o BifE

7.8.1.  Multiple Structures iy 4>

SIMD&FP @ LD[234] (multiple structures) / ST[234] (multiple structures), ¥ & O* SVE ©
LD[234][BHWD] / ST[234][BHWD] fir & DEMEIC D> W CEHMHT 2, hb. mdotbik bokid s
L Ci¥ LD1/ST1 (multiple structure) % Multiple structures @iy ICJB T 2 23, i OHEIFDE V2> 5
AREICOFHADTRIC 2 b 78\,

N,

2= ¥ AT VR EFATAT — V5 R

Multiple structures @413 1 A CHHMD T AT 4 2 —va v - LY RZEFomuThH b, C
NoomBiETa—F - A7 —=VICTHED noP ipic T a—FaEhd, HARMIZETZT 4
F—vay s LYRXESGD pOP e ng, 7Ly vy - E—FickoTid, &
LIZT FLRAERD 720 ORI pOP 25BN h23 2 &b H Db, & OHiBI uoP iz 7
FLAFREDOAZIT, AED - T/ A3 fTOAVAE®DE—F /A7 - 2=y FZidiEbh
ANA

O—F/ X7 2=y MCELND pOP I AEY + T 7R AD720DD pOP i Hr D H T
HB, BEAWTIITRAT A —vay - LY ZRAZEER—TH 35, LD[234][BH]/ ST[234][BH]
MHICRo THETAT—VICBTEHIc4pE I s, o —F /X7 2=y}
ICEON D DICLEE 7 v —#% Table 7-6 IS T, T D7 @ —$UTEE FP/SP DHE| Y Y4 CTHUC
L, ZnThosfiimaEl/vA4 7y y—BERICEHL w5,
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Table 7-6 Required Number of Flows for pOP Instructions Split from Architecture Instruction

B F /A NT - AT — U H

to Send to Load/Store

Architecture Instruction

Required Number of Flows

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

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

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

LD2[BH]/ ST2[BH]

LD3[BH]/ ST3[BH]

LD4[BH] / ST4[BH]

LD[234][WD]/ST[234][WD] @R Tld. #m—F /R 7 2=y PO AEY - T 7%
ZD7H—F, TZ7RZ T FLADAZ—VIULGLTE LI I N3, LD[234][WD]/
ST[234][WD] it D AEY « TR ARTAT A A=Y a v - LYRAXHPATITONE, OF
D, 178=572YVDRAEY « TI7RADEMBLIAZDORI ML - T—=2RXVIEL, &5
KLID ¥% v aDiAHLIBL VAL B2 AH 5, LID ¥+ v aiaH LiET 128
SNAM, D128 R4 b T IARAVITHD, 12854 PERE F 78— FERICHENX
NETINS, CobE, ZhZho7e—3EfT7e -0 T2 F Tk b3, »o%k
fi7u—DRT»o#HM 7O =D T 74 VFEATTHRILD SHFA I VDF VT 4 23 F

£3 5,

—fl & L T LD3D (multiple structures) fr4r® 7 7 —43E| 4 A — % Figure 7-5 ISR T,
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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 fiy 47

SVE @ Gather load fiv4r (LAK%. Gather fiy4¥) & Scatter store @iv4r (LARE. Scatter fiv4y) 1 1 1y
DCEBOMBL 72T FLRACRHLCTAEY - T/ 2 RT2@0TH L, FEHT FLRADY —
A FRTYRDHBRZ A LYRZECH B DD, FHT P L RIFFE NS HE
FRXATTAVTEEING, 20720, BEOw—F /X F 74+ SVE © Contiguous 2 —
FARM TR LIZRZA 2 — VY = TEIfFL 5,
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Fa—§

Gather / Scatter fr 4 1ZilH O v — F /2 b 7@rd L Ba ). 1 pOP raric it L THEE D FP/SP
DTV FYREYYETENE, TNIZElement ZEICAEY - TZR2APMITLLTNWE T EH
b5, Ba—F/RFT « 2= b DU Y Element & & I T 5720 TH %, Gather iy 5ric B\

T, = FmHICdBEOLTSPOT Y MY AED B TOHNE I L ICHERLILETH L, T0D

IR FP/SP DEIY ¥ TH T2 2 & h b, Ta—KFF—% 4 2 VIT Gather / Scatter fir
ﬁ®w?h#1m DHELDPTA—=FTERVEWINED S, ZofiomadTa—FTX
BOHTY =7 vy x - Ta—FXYiEnil# & 7%, Gather/ Scatter v ICJB T % K D
pOP % & FP/SP O] 0 Y CTH & OBfR % Table 7-7 IC" 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 i ICBEWTII 1 T—F 77 F v @aiZ 1 uOP sic 7T 2 — F & 328, FP/SP X
Figure 7-6 ISR T X 5 ICEHEOZ v + V238V {CobN b, Gather pOP iy iZERN T F L A %5
B35 FLA A 774 VIcE#fisT 2 RSEOICT 4 Ay FE N5, Gather tnFicEIF 2 7T
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 ICHEWTIE 1 7—F 7 7 F ¥ fir4r i Element BUC)G U T 4 pOP 4y, F 7213 8 pOP
WAL Ta—FIN5, FP/SP i Element £ & R D= v ) AE Y B THN 5, Scatter fir 4 %
Gather i L 1ZE 2 Y, HEOFENT FLAHED 72D Y 7 T A FHRSEQ ICT 4 A8y F X
N2, THIC, RIMV - VLYVRZPLAMTT—2% SPICHREXT 52U 72X % RSE0iC )
I APEND, Scatter DY 7 T A MDA A= % Figure 7-7 ICR T,
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stld z1.d, p3, [x1, z2.d]

Only 1 architecture inst

Decoder

2 requests for calculating effective address

(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, T Ly v v 728 “vector plus immediate” D & F (ZEMEAS T 2 — &2 b EEE FLA ICJ# X
N3720, JHLVRAEZPHLR—=R - ATV VX T 2 ) 7R M 3EBKEI NS,

ERT F L AE

Gather / Scatter iy D FEXN T VL R HE OMEEL % Figure 7-8 ISR T EXT VL A DEK T8
WOu—F /A FTWMHEOENEFEARY, 7 PAERRCEIEHEEING, 2L, ETFL
A%FITHTELDIEFLA XA T4 v DATHD, T FL vy vV 7H “scalar plus vector” D &
FFNHL YA 205 FLA HRBRICN—R - ATV FRIET 2M4ERH 5, Z Ofmikidil
AL YR 206 EXA N 74 vl L TiTbN b, FLAFIREG CREINALENT FL R
IZFP & SP LT oNT—HHEFEE NS, ZDL X, FPOEXALFR— BT 3 HADED
I, fthofr4 D EAGA/EAGB ¥4 77 4 v ~DF(TIIHIRE 5,

Gather 4 CIXEZN T FL A% FP & SP /T CTIRET %, ZACH LT, Scatter fir4y Tl
% Element DFEZNT7 F L ZIIEAIC FP/SP O v F DV ICiRfFE 3, F7-. Scatter indy TIE N
JEN LV RRPOLANT T —REWET ILENHY, ZDO) 7T AMH FLA XA 774
VERMo T I NS,

| 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

A64FX Microarchitecture Manual 1.5 67



AEY - TI7RX

Gather / Scatter #4713 Element 2MEF D A £V - 7 F L A% {53720, FHAMICH Element
FEB DA€Y - T 7R LTINS, FFIC Scatter i id A — XY v ZICHilli2R 5 % 7-
®. % Element 3RO R T 70— LTCOBINUE IS, 2% b, 8Elements
ﬁ*uso@m%xb7 IZ. 16 Elements i 13 16 Al O fEil| 2 7 & L Tl En 5, 4 D7
o —PEEILEE A P TR OHEANIE L FETH B,

—7J7°C. Gather 413 7 v —HHIK OB 2 b fRIE 2 B CiTbh s, 93, _Z7 o
Element I B W TR S 2 T F2OICpEHIdN 5, IHIC2_TRT72AFTET F L A%
DFE—D 128 N4 PR D 128 84 FERICINE o T e ZicaEl S g, SO A —2EfH
WKIE > ToniEnEl I v, Gather A D AEY - 727 v ZADEM % Figure 7-9 IR~ d, 7
0 — D E TG, Multiple Structures a4 & [FERIC AT 7 7 — D FATIXET 7 v —D5E
TEREEZTNELRL T, 22%iE7 0 —DERITETICI R LD SHFA T VDI NT 4 235
35,

68 AB64FX Microarchitecture Manual 1.5



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

T, TNHD 2 RT DM/ D Element 75 Inactive DIZEFIZAEY - T7 R ADTu—%2D Y
DHHIFRE NS, AG4FX Tl Gather i D 2 =T T D DEITDOMEAE L Combined Gather HERE & Fi

LTwa,
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8.

7 F L A2

8.1.

8.2.

Translation Lookaside Buffer (TLB)

AG64FX @ TLB % Table 8-1 IC7R 3, TLB iZMmaH e T —2HARFEEINTEY, Zhith
25 L1-TLB & L2-TLB ® 2 BEEiIC /> T\ 5%, LI-TLBIZ 74 - 7V ¥ 7 7 4 7HaE . ARE
AT AT Y X LTI FIFO IR EZHM T 5, L2-TLB it 4-way Dt v + - TY T 7 4 7HiE
T, ANBEZT7ATY RAICIE LRU FRE2RAT 5,

% 7z, A64FX O TLB (% Contiguous bit % ¥ K — F 3 %, Contiguous bit 25 v F TN T3
Page (31 = v } U CEBGFEHEZREL 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 1% B¢ DV U — K& % & U | Block / Page descriptor % 5 % 72 & ICHEFI D £ &
VT ReRBRETE, COAEY - T ARBREHET 2 2 2 HE LT, Table
descriptor % —FF{R7E 3" % Translation table cache 23524 X 71 C\» 5, Translation table cache (ZLE
IRFfE] D i % H Y & 3% fC TLB & FMBl3 % 23, TLB #° Table walk % D b D OFAZHIET 5
TLEHHEMELTWBDICK LT, Translation table cache ¥ Table walk H#D A€ Y - 7 7 & AT
XoTHETILAT VI RHIRT 2L ZHME LTS LW IBENEH D,

Translation table cache (¥ Table 8-2 IR T L I TN - TV T T4 THER L 2Ny 77 TH
5, =V FUHEUIT16 T, & ¥ b UICT Table descriptor % f££F3 %, 72d5. Table cache ICLRTF
X 415 Table descriptor 1% 2 A7 — Y ZHAD 5 H Stage-1 DD DT TH Y., Stage-2 D b DIFLRTFE
TN,

Table 8-2 Table Cache Specifications

Association method Full associative

Translation table cache Number of entries 16 entries

Replacement algorithm LRU
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9.

FrYv¥a - T—=FT77F%

9.1.

AGAFX 134 v F v 7o BB OF ¥y v v 2 %o, LI Fr vy ald7 oy H - aTH
MTEEINTEY, AL T —2HO 2HELEH 5, L2 ¥ ¥ v ¥ =2 CMC Hfiz cHEEI
TEY, e rT—s2TciET2, KX vy alflor—42@3 " —FvzT7ilLoTae—1L Vv
ADBMRIET N B,

Frvia, A EEOS

Figure 9-1 IR T X HIC, L2 F v v v 2 b A VEEIZ 45D CMG 2 b3, CMG [H
l¥ ccNUMA(cache coherent NUMA) 7 —F% 7 7 F ¥ 2L T3, A€ VI CMG D L2 ¥+
v 2l DRI, CMG T ICHET FLAEMIINEINTVS, L2F ¥y iahbd
Read / Write ¥ 7 = & b ¥, MAC (Memory Access Controller) Z/"L CTXEVICEDLN S, L2 F
¥ v ¥ ad MAC & OfEICIE Move In Buffer MIB) & PRI E Ny 77038 D, MAC~D A V7
FAPDY 7R EHT S,

Figure 9-1 IC/R T X 512, CMGRIZ L2 F v v v afEEicT) v i ciEfiia hd, L2 ¥ %
yyaffiiga—Frvz7ick)ae— LYy ARRIEI NG, L2 F ¥ v v aFfLidTmoE =

HONXTERINL TV,
I R

MAC MAC
[ MIB_] [ MIB_ ]
L2 L2
M2 | RT e — RT | MG 3
CMGO o |- > r | CMG 1
L2 L2
| MIB_| | MIB_|
MAC MAC

Chem] [

Figure 9-1 L2 Caches and Memory Levels

Figure 9-2 IC/R T X HiC, LII/LID ¥ v v ¥ a3 7mnty ¥ - a7l icFEEI N, CMG
DL2F ¥y val—Xf—TEHRINLE, CMGHND LII/LID ¥ % v ¥ =3[ L CMG ® L2 ¥ %
vy aEIHL, LII/LID X% v adF—2 32 ¥ v vyaic@8&Ehs, LIDFrvyia
L2 F Xy v a3 EFAMPM L ZANATERIN TS, LIDF Yy a2 ¥y vy
= OFFIZ 1 MIB (Il 2 T MOB (Move Out Buffer) 23% %, LID ¥+ v ¥ 2lf Move-ln ® Y 7 =
A kY Move-Out DV 7 A b ZIEFIMICEH T 2ERZ L > THH, HlADF 2 —0FEIN
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T3, Table9-1 IKERANZADHIHEE T LD D, NADOEFLIC K VEEHRG LI ELR L L ITE
BEOPMLETH 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 LID 64 bytes / cycle (per Core)
L1D

L1Dto L2 32 bytes / cycle (per Core)

L2to LID 512 bytes / cycle (per CMG)
2 L1Dto L2 256 bytes / cycle (per CMG)
L2 L2to L2 64 bytes / cycle (per Ring)

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

92. Fx¥viaDHARER

92.1. L1 ¥x v oDk

Ll ¥ % v aDERREM% Table9-2 IC/RT, LID Fv v v a2 i3maoffHICk-TT 7%
RV ATVIBSFAIADLL 1L A4 70T TET S, LIDF ¥y aldFRFc2o00
—F., ¥4 120X T HRZIFFT 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
Virtual index and physical tag Virtual index and physical tag
Index tag (VIPT) (VIPT)
Index formula index A= (A mod 16,384) /256 index A= (Amod 16,384) /256
Protocol SI state MESI state

R=Y A XOBERICEL > TIELI Fr v vaTy/ AMEBPREET S, L1 Fv v =il
BRREGKBD4way vy b - TV TT4THRTHEZ D, ZDA VT v 7 2T 16KiB
KME LD, ZDLE, =YL LT4KiBpage %iERL T 5 LT FL RAD bits[13:12] ICF
WTY ) ZLAHPEID DB, AGAFX I —F 7 2Tk oTy/ =% El#T2L91Ch>T
w3,

922. 12 F*x v oK

L2 %% vy aDfR% Table 9-3 ICRT, L2 ¥ v v ald7uokyd-a7eFryralo
MEBRICX >TT 7R - L AT VI DRERE7ZD, Fyvia- by oL Tyl
3T~4THA I NERD, R2F Yy a3 7TuxXBoA vTy 7 AFAEERNT S04 v
Ty I AENAY 2L T0W5, £, 2V IERICR->TEY, WET FL XD 55 bit[8]T
AvE—=Y—=7L T3,
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Table 9-3 L2 Cache Specifications

For instruction and data (by shared)

L2 cache
(shared by
instruction &
data)

Association method

16-way set associative

Capacity 8 MiB

Hit latency

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

Index and tag

Physical index and physical tag (PIPT)

Index formula

index <10:0>

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

Protocol

MESI state

9.3.

*ywiaeeab—L VR TObran

AGAFX TlIHKF vy v vaffloae—L v 23 n—Fv 2Tk THilEns, —EEo 7
0 b a2 MEST 7 a b a v B EHLTWwWS, MESI 78 Fa Lo R T—F e, %
DAT— MY 5 5 ERER% Table 9-4 IR 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

HrF¥ vy valf ~DT—X% 740/ 74 Ny ZiE Fr vy allifT 5 Move-n,
Move-Out & FEIE1 2 #ECfThbi b, Move-In, Move-Out B{EOEREZLUTICE &9 5,
Move-In
Z0F ¥y v aBEBIc L CT—2EFEAR, X TOEEZAL, AT — + DREE TR
L. 7—20ab—L VYR A - A=KV v 7OBEWLTEET 28FTH 5,
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Move-Out
ZDFy v valEiEnT T 2oL, X7DRT— MEM{LEITV, T—%
Dab—LYREAEY - F—KY Vv IIOBEEERTHETT 2BIFTH 5,

FT—X 7 4N/F4 Ny Z7Z Move-In/ Move-Out BAEZ A& DLETITbhd, 5 *+x
vy alEICE T EANEF Yy v 2 - IROUHILITOWEY TH 3,
1. EfRE2 S Y 7 2R P 2RZTIY, B ¥ v v aEICES T FLADT — &
BHDILEDPETF v 7T 5,
2. Fyvva- IABMWETLE, RFALY 7T AP EMIBICERL, X 5ICTHL
DF¥via, AEVEEBICEETS,
3. HFvy oy alEICT—% - 7ANTER0OEETAVBECELS, HvT —
X % Move-Out 3%,
4. ThioFrvra, AXTVBEILT—2ORERHZEHAF v v 2 BEEIC
Move-In 3%,
5. Moveln L7277 —2 %A ML, V27X FERILTH % LR IC T — % 2I5%
35,

Lil¥vvia, R2FrviadbllEHloxyya: IRONEEL Y7574 bTE 3B,
4 v 77 A4 FHD Move-In/ Move-Out Z EH 3 % 720 D EIRA, % 1% 1 Move-In Buffer (MIB)
& Move-Out Buffer  MOB) TH %, & F ¥ v ¥ 2 @O &EIF % Table 9-5 1IR3,

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 ¥ 212 TIE Move-Out 7 — & (¥ %NMC“%ﬁén6tb\MOBﬁﬁEL&

o —H T, HAFEEZOBAEWLZIRAET 5 729D 1C Move-Out #FHTH % Z & #7R 3 Store Lock

Reglsterﬁ)% INTWE, ZOLVRZDIY P IEBEIA PNy 2CBITEA4 754 MK
D ERZREL T2

9.5. Move-In Bypass

HIfiCii 7z LI, Frvva  IALENRT—2%2 LfilfE@ox vy v v 2 ittEcE 2

Dk Move-In 5T L7 TH S5, L2L, Move-ln 5E T ETT — 2 oEF %2 FEoL., Zon7E0
AEY -T2 RACKHEZET 5, TNERENT S 72DIC, A64FX Tid Move-In DIE T %2172
T F v v v 2 BBICT — £ %IG%E T 5 Move-In Bypass #EZ EHL T 5

Move-In Bypass (3 A €Y « 7 7 2 R ZFEMHECTZ 25, £2TOFrvia- IRADY TR
FICR LT E DT Tldd v, FRICLID ¥ ¥ v ¥ 2i220n Tk — F Y = 7 o E L) 2>

A64FX Microarchitecture Manual 1.5 75



5 Move-In Bypass 23 FJREZn fr 23 fRIE X415, LID F ¥ v ¥ 21T\ T Move-In Bypass 23T &
% iy % Table 9-6 IZ/R T,

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

Instruction

Classification Lt L

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

Integer instruction LDTR{BJH|SH|SW|}

LDA {P|X|}R{BJH|}, LDLAR {BJH|}

LDR - {BJH|S|D}

SIMD&FP LDUR - {BH|S|D}

instruction

LD1 (single structure) - {B/H|S|D}

LDIR - {BJH|S|D}

9.6. Zero fill

ARMVS fg iy PICidF vy v oo « AV T F VA e LTDCZVA MpERI LT
2, 2ot MR THERLAERETY FLAZ280 7oy ZiciL T T =22 EHEEAD
AG4FX Tld, DCZVA M rid L2 ¥ ¥ v v aBEEic L c¥u 7 — 2 HEAL LTI,
DCZID ELO Y AT L + LY RZXPIRT 7Ry IV HAX I Frvva - 74V - FAXLELT
H%, Figure 9-3 ICRT X 5ic, Yot v¥ - a7 TDCZVA BB ETINE Lu—F X+
T2y FERAHLCL2 ¥y v all¥asy—XEEIALDY) J TR FR%ELND, L2 ¥
y¥aldDCZVA YV 7 T A M2 ZITH B L, fEEDT FLRAIKWIET 2F ¥ v va - 74 v ik
RLTCER T =2 HEARET 2,

Zero fill request for
address A. Store [A]

wl 1] [] [ =

=
58]
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

L2F %y v alifET FLADT —AB3FEHELEAVEAETHoTHhFrva - IRLIEE
b3, ARV LD T—& - 74 M EREIRfTb R, /2, LIDF ¥ v v 2 IKBEINLT F
VADT —ZBEET 2L I Figure 94 IR T LXK LIDF ¥ v v a DT —XHBL2 ¥ v v
2 TA PNy IR T —2EFEALRTORD,
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Data at address A. Zero fill request for

Clear data. address A.
T
Lo | | o1 ol1] o]
Write back. Write zero. After here,
4 th
= > mjo[ &]o| @] gy
The L2 cache line that fill process.

contains address A.

Memory | || | | | | - 0ld data.

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

DX, DCZVA A E— A P Taa L3RR, AV HL2F vy vand
F— & 7 ANRERERT 5, ZNICL o TAE Y E~DEXALBICEIT 2 A2 ) FHlo
WAL, FEMAT)VEARET L ENTE 3,
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10. Memory Access Controller

10.1.  Memory Access Controller D1 ik

Memory Access Controller MAC) (I A4 v + XY DFAZEERITI 2=y b TH D, AG4FX
A4 v - AEVICHE 2 {80 High Bandwidth Memory (HBM2) ZfH L T\ 3, MAC 3%
CMG IZ 1 29 2FEEIN, TNENLPHBM2 O 1 F v 7L P2P TEft a3,

AG4FX ® MAC 289 7K — + 3% HBM2 DFEJC% Table 10-1 IR 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 ORAGICHEILL DO KIBO AV — Ty b %8570, T 7 & R EF % Hil{#H
TEEDDRT Y 2 —F %KD, A7V 2—7DY Y —ZK % Table 10-2 I3,

Table 10-2 Quantity of Scheduler Resources for HBM2

Quantity of Resources

Scheduler queue size 244 entries / MAC

102. A%V - 77t R

AGAFX DR A€ Y - T 7 % ZAPERE% Table 10-3 IR d . Zad. MHEEIZ CMG 729 D
TERETH B,

Table 10-3 A64FX Memory Access Performance

Memory Access Performance

Local memory latency Shortest core 131ns (@ CPU 2GHz)
(load-to-use)

Longest core 140 ns (@ CPU 2GHz)

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

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

TV 72y F ek, ECFERICHAS TR EN S T =2 2 FATCF v v ¥ 2 IKFRAIAATEL
e clEm EERSEETH B, T 72y FICIIERGHSTHRNICT -2 %X v v al
FAHTY I 2T TV T2y Fl, A= FUTRET FLAZHBNICTEL THRARL
35 —Fv 7 - 7TV 72y FO 2 ENED L, AAFX XM D 7Y 7 = v FHFRUITHIG
L. 35K 7Y 72y FOEEZMP L HIHT 27200 —FY =27 - 7YV 72y F - TR b
FeRER EEEL T 5,

11.1. 7V 7 = v FOEEE

KEICIETY 72y FOA—FY cTEFICOWCHHET 2, 3. SHEAHICT 270IC
UTFoMHECOWTERT 3,
VZ72b0 2T - TV 72y F
T—F%77F @RI X3RN TY 7 =2y FHRTH 5,
N=FY LT - FY7=zvF
N=FT2TDOT FLAFHBERE ICES VAT Y 72y FIERTH B,
FTeVvF TR

O—F/RANT@ARE, LYRAEAR)ERE OB TT -2 0B#HREH L AL -

Tk ADBESRTH B,
TV 720 F - TI7R

TV 72y F@BBIUOA—FY 2T - 7V 72y FICXoTEKEIND A€ Y 2/~
DAEY) - T2 RADWETHE, 7V 729y F - T7RACFEDF v v alEEICT
—R T ANTEHREVIER, T/ ERADEAT, TFLADEBEEY R TIHRAE T
nctws3

FevF-vu—

AL —vav-7a—0D5b, LYRAXLFryia, A)OEEMTT -4
POWYEFES>b0EET, HlxiE, P—F@HDOILD 7=l —F X+ 7 - %4 7
FAVDT~Y R 78 -Z2DbDTHL, ID 70 —RFLYRRICT—2EEEZALD
LbThb, FKIC, L2F ¥ vy 2D 4774 vDFL—vayv -7u—-D3bHL1F
Yy YAl T =2 EBRETIMEDHLHDBT VY - 7u—Th 2,

Z7Y7zvF 70—

TV EF 7=l LT, LYRZPLFrya, 2E)OEKEEMTT—2D%Y
Y AR EmbDEET, flzid, 7V 7y FmaotL—vay - 70— 3L YR
ZICT =R eHEZRAOLER VWD, a—F /AT - X[ T FA VL >TETY 7
vy F7u—tbnd, AR L2F ¥y 2D 7F7f4victoTLl ¥y vy iall
T2 EBRETILEDRVWLDRT) 72y F - 70 —ThH 5,
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FRVYFBIVAV 729 F - T27RRE, ZFRICEoTERINE AL —vay - 70—
DRAfR% Figure 11-1 IR 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 /AT EDOT 7 2AFTRCTYVE - TI7RATHY, ZhoHOUED -0 DT
RL—vayv - 78—3FTRCTFvVF - 708—ThH3, a—F /R TESIEERICL YR
RICT =B EFHEAPAD, TRV AZDPLT—22EBZADHLERD D, L2 F vy a®
MAC 37— 2% RETLHERD L0 Th b,

—Jj. TV 720 F - TI7RADUHED =D DF L —2 gy - 70— 3% F v v alEEIC
THELI Y »NDL, Bz, V7 02T - 7V 729 FIREBLIDF Yy a~D7 ) 7z
vF TR Fu—FZAIT - RX[ T T4 VIl oTR TV T2y TF - 70 —ThH30, L2
Frovvad LT T4 vickoTRT~YF - 7r =445, LIDF v v iailT —X%2RE
TEILERHL-0TH D,

F/2, V7 02T TV T2y FeA—FNY 2T - TV T2y FTIEE—F /R LT - %A
TIAVICBFEMSELRIRL—vay s 7T =B R L HICERSLETHE, V7 U
T TV 72y FIEMETHEED, ZOFAL—vay - 7e—Fue—F@ADLD 70 —0
IORETAATIAveu—F AT - NAT T4 vEBET D, 2D, ZhoD 47
FAVDY) Y —2%HETE, — ., "= V2T TV T2y FIKEBET) T TF - Tk
AFFEIT AT T4 vea—=F/ AT - XA TTA4VERTEFRL =V gV - T =R HE
ThH2, 2F vy aD AT I74A VICEEARL—Yay - 7u—%2%ATE06TH D,
727, T—=R 74N T4 Ny 70O MI 70—, MO 70— 3HEICR 2 LICHER
BRHETH B,

TV 7y FIKET~V - TR e OMICHRE (Distance) & MIINZE1EH S, 7Y
7y FOHMIEITFSY R T/ RADLATF VI RBANTEILETHERE, ThEEKT S
OIE T2y R - TR EELT FLAICK L CRBE#THICETLTCT Y 72y F%F 5
BERB L, FIZIE. NFAIZADT2V K - TI7RADLA TV REACT L2017~
VI T RABPERENDE NI A ZNVYULERNICTY) 72y F2 T 0ERH 5, & OREZE
BTV 72y FOHBECHZ, FriC, AT - 77 ZANEKT 7€ ADEEICIIEREE 7 F L
AR AICEEEZ 2R TEL, FlziE, TV F - TI72ZABADLERTFLA
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11.2.

11.3.

AP ~DTYV 729 F %353, LT, 7Y F T RABA+P ICFEL L ZICT FL X
AP ~DF<2 VY F T 27ABF vy va- by b THETFTVF - T272ZADL ATV YN
ZEARNWTERZE VRS, ZOLEDT FLADEP BHEHcH B, AHA FTIET FL 2%
HEoiitEs 7Y 7 = v FHEEEE LTS,

TNV T2 F T ITRRADERA T

TV T2 F T IZRAMMENBERDOO L DIC 24T b B, 24 TLIZT) 7=
VFEINET—EZRE—FDEDTHEN, ALNTDOTHE0%2nTHERTH Y, "Read”

& Write” O2ENHLZ, N—F U =T384 TEHEREFMALCT —X - 74 LD F ¥ v o
2 AT—bERD D,

7YV 7 v F - T 7R RADOEHEE

TV 72w T TrZRRACMNMENBEHROO L2 [EHEE] 255, EEEL IZEKT L
727V 72y F VIR RN TIERERRET 2200 TH Y, "Strong” & 7
Weak” D 2TEHLBH 2, AGUFX TlE, Y7 b v =T - 7V 72y FIEEZIF - FTFLREVR
T L LIYRAREMABEDRETC, "= T 2T - TV T2y FREVRAT L LY RXERAWTS
V7 xvF - T/ RATLIGEELZEMNFRECE 2, REINLEBEEEI ) 72y F -7
— b EHAI NG,

Strong @D 7Y 72 v F - 7u—

N=FT TR TV Ty F - T RRAEARERYVELLET IR LS 35, HlxIE, 4
WEN7Z7Y 72y F - 7u—% A2V BEE CEETL20DEFESIAEL T B GAICITE
FICEEPEC LT CRHET 2, 20L&, BiiOu—F /X FT@HIGHERD 255 TH-
TH7u—DHIREINZ Z L3R, TV 72y F - TI7RREIRFBETICETINDG, 75 L,
V7 02T - 7Y 72y FIBWTIETLB I A, F 7213 Page fault BFAE L 2K T7Y 7 =
vyF U7X EHIRENGE, CDEE, TV T v F c TIRRDILE RS T ) T2y T
MAENOP i e LCfbhd, "—F v =7+ 7)) 729 FICBWTETLB I A LR T
TV 7 x2vF - TI7/RADBPEIEL, PFQd 7V T EN5, Strong|@ED0 7V 72w 5 - T/ kR
Be—F/ AT - N4 T IA4 v R VBIRBERLDHEDT, 7V 72y F LT — X
FIEONBZGEICORMS L 2T 2, b, 7V 7y Faoo#fFiconCit
AGAFX FiBlfitkEFE 2 S Mo Z &,

Weak @k 7Y 72 v 5« 70—

N=FT 2T 3ERIEBEDNETV 729 F - 77 ZABIELLFET EIH 32, HRICK
BEBRTFNETERINEZTY 72y F - V2722 MREIBREINS, EAWCTF~Y F - 7n—%
Strong )BHEDO 7Y 72 v F - 7o —DUEBELEI NS,
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114, V7 90T « 7Y 7w

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 - 74VEDFyy v o, ¥vvoa- A7—F2HIEITE 2, AG4FX 13h
H o HPC A JHBEIRIR E LT, 22 F - 7T FL 22 W T — F Y = 7 DR 3 w2 il © %
BHPCXZ' K+« 7FL R+ F—n~"—F4 FHEBEEAREL T3,

114.1. 7V 7 = v FaS5 D0

7Y 7 2y FMFICIERELTITICTARMYS 7' U 7 = v Far4r. SVE Contiguous 7'V 7 = v F
4. SVE Gather 7’V 7 = v F @D 3L H 5, FLADEREFHELUTITRT,
ARMvVS 7'V 7 = v F @4
FRSYRCIEELEZT) 72y F - TRLRECHNLTCA ) 72w F - T/ A%
MmN THb, "= PV 2T IRBEEENEZTFLRZEDF Yy vy a2 - 74 VI TAE
Vb T—2 7 A40T 5, B, ARMV8 7V 7 = v FiDFT — 2% 4 X354 FEI
NI NG 20, Fryvva - TAVERRPELCHRIIFREL LV,
SVE Contiguous 7’V 7 = v F 34
ARFVYFTIHEELZT FLAZEHIC, Z2ZLSVERZ b T—2REEMAEL
77 FLRAECOHHICNLCTY 72y F - T/ AR IEIMATHDE, "—FU=x
TIREHD LRI E CORBEOT FLAZED Xy v a - AV TAR Y b T—
B TanNT Db, TV 72y FORFLERT FLABHOF Yy a - 74 VICET S
LHCEmAOA ) Tay 2% 7 4 0T 5,
SVE Gather 7’V 7 = v F 4
HEBLT 7 & Afir 4 (Gather / Scatter) & [FkOT FL vy v 7 - 2= FE2¥ K-+ 3 5am
BTHD, ~METEHBOT FLRZXH LTIV 72y F - TI7RR{THZENRTE S,
il % o7 Frzicxtd 3 AN 2EE X ARMV8 77V 7 = v Fafh L FAMETH 3,

K77 2y FMAEONEE = —F=y 7 OXE% Table 11-1 1SR T,

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)

ARMVS 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[BHWDY] (scalar plus scalar)

PRF[BHWD lar pl t
[ ] (scalar plus vector) Prefetch instructions that support discrete access

instructions (gather/scatter)

SVE gather prefetch instruction
PRF[BHWD] (vector plus immediate)
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1142, V77«7V 7 v FoEk

TV 72y FMRTREI AT VT 72y F - AT aVvREETLIENTE S,
A7 3 VITiE Type. Target. Policy D 3HHEHZ H Y. Type & Target DA A DEIC L 5T
Table 11-2 IC/RT L HICT—X « 7AAHDF Yy ol ¥y vy - A7 - 2HlHTE
%, AG4FX Tl Policy i3~ —F v = 7HIFNCHEH L Tz wnizd, ~—F 7 = 7 OBEICHE
L7z,

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@MADEXI N« TFLAED S S pf func[0] ¥y FZ2FHAFTE2LTY 7
b 2T TV 72y FOEEERHEITES, Yt 74— FEEHEEDORM%% Table
113 I1CFET, ©v F 74— FIZoWnTid AGAFX S EEZ S Ho - &,

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

Software
pf_func[0] (Prefetch
Reliableness

0 | Strong

—

Weak

11,5, »—Fv=z7 -7V 7xzvF

AGAFX ZN—F 7 2T Lo TGEWIRERT 72 F2THAI 7 FLREFHILTTY 7 =
vI TR T AR O, CNOHEEEEZRINL THA—F Y =T - 7Y 7z v F LIRE,
AGAFX DN—=F Y =27 « 7YV 72y FREHT 7R+ ALY =L LTT FLATFHIRT
X%, "—Fv 7 7Y 7z FITIT "Stream detect mode” & “Prefetch injection mode” D 2
MfOE— b 2,

1151, »—Fvoz7 « 7V 729 FD-dDER

N—Fv = 713 PFQ (Pre-Fetch Queue) &WEIN2ZT FLATH, BLXUOTYV 72y F -T2
€ Z%(TI -0DOEREERD, PFQR&E7uty ¥ - a7HERICH Y, Tty ¥ - aT7H7z
6y ) %FT S, PFRQIITFHT FLAR, 7Y 7 =y FiEfE, FHlOZDOT FL A7
v P MREIND,

FHEI7FLREBFR T~V R - T72RT2LBbNET7FLRAEET, "—Fv=T728FH
ACHBLZTHET FLREEROF~ Y F - 772 RADOT FLAR—HL7ZL &, PFQ 3% D
TRLRICTY) 7 2y FHREEZME L ZT7 FLRICH LTV 729 F - T2 2R%2T 5, D
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B, XLIKTFLAR -7y b2 MELTCFHT7 FLAZEH T, COEELEVIETCL

TTV7x2vF - T RADBMEST D,

11.5.2. Stream detect mode D FJE

N=FT 2T TV T72vFD2ODE—FDIH, "Stream detect mode” DENEICDOWTHEL
HHJ % . Stream detect mode Cl. HEET 7 AR MY — L2 HBCHRBE LTSV 72y F - T
7% A% 3 %, Streamdetectmode THELEDAN—Fv =T - 7V 72y FEEA A -V %

Figure 11-2 1IR3,

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)

(A+4,352) + 1,024

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

access.

Figure 11-2 Hardware Prefetch Behavior in Stream Detect Mode

A b Y —2LDH & PFQ ~DE %

PFQIZT Y F 772 AICHBFBZLID*Frvia- IAZERTE, vy I2D
oo, 7V F - TFLRAZRCFUT FLAEER L CPFQICEHRT I L TT~ v
FeT727%ADA L) —LBFIE»BIE»ZHEL X5 & T2 (Figure 11-2 (1)), 5l EHiE 7~
VE TR ThNbE, TV F - TFLREEEPFQ TESRLAZTFHET FLREZLL
BLTRAMY =L AZRET S (Figure 112 (2)e A+ U — LJFHDSRET 2 & PFQ D FHIT
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FLRAEZEHL, Fc7) 72y FlE, 7FLR - A7y FAERLTTVYF - T27%
2EBRELIBED S, TV 72y FHEEE, TFLZ - A 7%y MIFEOWIZZ I 2 H, BIED &
ZiI~AF AL LCERIND, BRYNCERINEG T ) 7 2y FHlElE,. BX U471y b oify
IHEIZZ N F N 256 N4 FTH B (Figure 11-2 (3))o

TNV T xvF T I ADAERMR
PFQ 3 FHIT FL AL KT 2T~V F - T722x&2BHT 27V 720 F - T7R%EHR
T4% (Figure 112(4)e 7V 7zvF - 727 A%ERTS L PFQ ZFHIT FLRicA 7y
FEIMBELCTET FLAZEH TS (Figure 11-2(5))e TV F - T 7 ZADBHEEIRD - K
20 —FEWM, PFQiZ2F v v a4 vHDLl, L2 7)) 7y F - T 7 RA%EERNT 5,
¥/, TV 720 F T IRRETBEICTY 7y FHEEE 256 A4 FFomMET R LTS
Y7 =y SRS 5,

TV 72y F T ADEHFERK

F—®DPFQICLk2 7V 7 x2vF « T/ RRIEREHEVET L, B TTY 7=y FiERET LI
D5 L2 ~E BN ICRAKMEICENET 3, 77V 7 2y FHEEARAMEICEREST 2 &, PFQ X 7Y
T2y F cTI7RADIERE 1 F¥vva - 743U EZ 25, FFICTY 7 = v FHEHED
R D {F1E 9 % (Figure 11-2 (6)) DA%, FHIT FLRE—HT 3T~V F - 727205 RY
13 DIREERMSET 5,

7B, AG4FX @ Stream detect mode TIZTF~Y F « 7272 ARE TV 72y F - TI7RADTF
LARFyyva - 74 VIO ONG, Thbb, 77X TFLAD LT EY M
EHINSE, CNICKY, BRIGHEGERA M) —L - TI7AThREDF Yy va - T4 VI
MCHETHNIET ) 729 F - TI/RRERITTE %,

11.5.3. Prefetch injection mode @ #HifF

N=FY 2T - TV 72y FD2ODE—-FDH ) —J7H "Prefetch injection mode” TH 3,
Prefetch injection mode 1 7"V 7 = v FHlfHHL Y X 2 % ffioCu—F /A FT@HHDT 7€ AD
FEZEHREL, ZhEHWTH—Fv 2T - 7Y 72y F%{T5H, Prefetch injection mode i3 X &
IC PFQ_ALLOCATE & — F & PFQ NOALLOCATE £— Ficbh i b,

PFQ ALLOCATE &— F

AE— FOBEIZEARIC Stream detect mode & [k TH 25, T~ F - T2/ ZADLID ¥+
vyva s IRAFEHRL, Fryvia - IABRETLEPFRQITHET FLA, 7Y 7=y FiE
BE, A7y PEEHT S, 2L, THIT PV, Y 7oy Tl A7y PRV RAT
L LY R X DOBEMD DR X5 L\ ) 5T Stream detect mode & #2725, PFQ_ALLOCATE
E-—FPMCBF2 A= v =27 - 7V 72y FEUTO2 ATy 7 TiTbil s,
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1. ZFY—2sokEH

WREFT BRI —LDF<YF - T272ZAPLID*Fvyvia: IRTHLE, ZOF~
YE T RADT FLRICA 72y PEMAELMEZTHT FLRLTE, 7Y 7=
v FHHEE A Ty MEY AT L LY RZICHRE I NERFDONS,
2. TV T7=zvF - TIRRADERK

TRT FLABTY F - T272ADTFLRAE—BFT 2L, ZOTFLRAILT) 7=
y FHEEEME LT FLACN LTI ) 72y F - T/ AR T 5, 6, F
W7 FLaich7ey b EMELCEST 5, £EL, 7Y 7 = v FHEEZTIBESR
fFEnfRL v,

PFQ NOALLOCATE € — F

AE—FIEPFQCT 7 ADLID ¥ ¥ v a - I 2A0EHZET, MRETEAL) —20
Fo VR  FORRBRELAMECT) 72w F - TR RBIETRT 2, 7V T zvF -T2
CADHRRT TV E - T/ XADT FLAKLT Y 7 =y FHMENRLET FLATHS, &
E-NRERHCTYV 729 F - T/ RRZERT 270D, T3V F - T72A8F ¥y a -
Ey FPFBEETHT Y 72T - TI7RANTEET B, —Ti. PFQICK 2 ERlZTDRVC &
26 PFQ #HB LR WIS ASH 5,

1154, »"—Fv 7«7V 75« TR HEEE

AGAFX 3 N—FT 27 - 7V 7 2y FORIfERRED DI, "—Fv =T -7V 7z
FOEEra vy e —NTEA VR T 2—RELTA—FY T - 7Y T7zvF - TR MERE
R0,

Stream detect mode D35

Stream detect mode TIZ X 7' F « T RL A E VAT L - LY AZXEfES ZETUTD LT

V7 =y FEIERGIECTE 2,

o T 7xyvFoEML
Z7F -7 FLAZHCTHAT LICPFQ DERNRE T2 0B 2&ETE 3, PFQ
DEMSR P ONANIZMAL ORI TY) 72y F - 772 AFERI LRV,

o FIUTvF -TrRADFy v aBEBENHORE
ZTF T FLAEZHOCTRELEZF vy v aBEBEE AR 7)) 72y F - T 7R
EERTE S, FryyvaBEBEERILIDFyyva, L2Fyy oo, @iFDO3 295
ERTE 2,

e TV 7xvF T reADEEERBECIE
VAT L LYREERNT B L TPRQAERT BT 72y F - U7 TR OEHE
EEEZIEECTE 5, EEEEMIT Strong JEM:. Weak JBIED 2 05 5 &IRT X 2,

® PFQORATY 7z v FHltOIEE

VAFL LY REERHT AL TPFQO Y 7 =y FHORKERIEETE B,
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Prefetch injection mode D35

Prefetch injection mode T Stream detect mode DHEFEICM X CUT D X S 7Y 7 = v FE)fE
ZHlficz 3,
& Xt J—2sFEsOMM
AP - TFPLRAZACTHATLICA MY —2FSE2MINTE S, EAICA L) —
L BT C Stream detect mode #ERE# FER T & %,
® X}tV—LZEDTY 7y FHEHOEE
VAT L LVRAZEfoTCAN) LB/ ST ) 72y FHEERIEETE %,
® XFV—LTrDAT7EkvOIEE
VAT L LYRZEMFSOTALY —LFEFLICA Ty FERIGETE S,

1155, »"—Fv 7«7V 720 FDF v v afEE

11.6.

JE

TV 7y F - T RRACMMENBEROVEDICFr v i aEEBOBEED 2, Fr v
2R IZ T 7y FRBPEDF vy v v 2B E R T OTHY, T v s T LoEE L
DI ZEY) EERE Ao 7 ) T2y F - TR ETEMERD L, AEAT) 7=
VF T I RRETDEIEFA—FNY 2T - VY —RDRBICOEND,

N=Fv 2T - TV 7y TFOE, RlERF Yy aBEEEIEI N — Y 2 7B HECIRE
T2, ERMICPFQ X LID ¥ v vy af@lEx2 Ko7V 72y F - Tr7RE  L2F v v aE
HEEROTYV 72y F « TO/RRDOMARIERT 5, COLE L2 ¥ v v v a@lErRioizy
V729 F  T27APL2FryiallBnTHFyyia-by bEEEVIETE, PFQIZL2
FyviaBhEFEoS) T2y F TR EELTE, 27FL, LID ¥ vy a@leio
27V 72y F T RAPL2 Frvyia - IRERITE, PEQIEL2 ¥+ v a@lkaH
OF) Ty F - T/ RALEHEIR S,

Prefetch injection mode D 1 ]

Prefetch injection mode DFHHD V& O34 7y + %YV 7 V2T TIHETE S L TH 5,
ORI 2L TF Yy v a c TAV HFAXEBEBRILEAMIA N - T 7RI LTI Y
Ty F - TIORAEERT L ENTE S, Figure 11-31C7 1 27 7 L4l% . Table 11-4 i il
LY R XD %R T, X227 F - 7T FLREHIEIL Y 2 2 D4R AGAFX SRR 1C Flid
IhTn3,
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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.
L2wW 0|Sets the L2 prefetch attribute to Strong.
A 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.
SWwW 0|1t 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.

kB, TV 7xvF - T wADEHEE, PFQ ALLOCATE / PFQ NOALLOCATE £— F, ¥
IO TY) 7 2y FHEMEEZ T 0 7T LORHEICE DR GHYNCRET 2 LERH %,
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12.

I X Xy

12.1.

12.2.

7R FrvLa OB

/X -Fryvialld, Frv a0l EXST L, AN, TG TRy Y-
BT 2 KIS ERIRTE 288 TH 5, y7r717##«yy;@ﬁm%;DmMEu
HIHT 2 kRT3 2 L2 HME LT3, AGAFX TRED T INA-K L DifillE & 7 &
IR, £ 7 X BV AT L LY ZRZENLTE Y v Y 2D way B CHEEORRICKXST T
b, ABEEIZLID ¥ vy 2 2 F vy a2 iCEHEINTWS, Figure 12-1 IR T X 51
LID ¥ % v ¥ 2 il 3R TR TE 2 7 X3 4D 5, L2 F v v 2l %4%%@«
IAMBHLH, Taky Y aTEMTIHRTE 2227 2R 28, MO CTIHERCTE 517
22 B E VO EERSEER L B, LIDF ¥ v aD4k2 XiE, L2 Fv v 2ilBnTiiFAE
—DRIRIN—THAD2E I Ry TIND, FTo. &7 ZOHEBITZNZE D CMG 1B
LTw3, RO 27 2DERICIEZ 2 F - TFLRAZHWE, Foxyd - a7 DR
BT AT L LY RZEHWS, 27F - TFLR, BIPVRAT L - LY ZRXDMERRIZ
AGAFX ik H 2 o b,

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
| ! | :
l : | !
I OMGO ! ! I CMG3 |
1

Figure 12-1 L1D/L2 Sector Cache

X7 & Xy v aDBE

X Fr v 2Dk ZOREIT, 7 XICEH VB TONIHK way B TR I
5, ¥/, 27 ARBIX TS T LETHICENICEECTCE L, "—Fy Tl 7 2ARENE
HINDZL, TNENDF ¥ v a - FAVY~T =X - 74 VT IRBCERBFAELTV, R4
ICHRE E izt 7 ZERICE DT 2l %47 5, Figure 12-2, Figure 12-3 I fl %R 3, Figure
122 FERE 7 2FRISH LT 2 2 0 IOFEHEDS D B WHIcH L, 7 20 DIFESD LA
— P AP ETEN 27 2 1IOT—=2BF74 XNy 73N ETCREPTALING, X
LT, Figure 12-3 1t 27 2 1 fllofEHER S WL Eick 7 X 1 DRENRD 50— FIyHdFETX
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hafilchz, ZoHAH. 27 2 0 EHEPES L AL IC 7 X 10T =287 4 b

v 7IN5,
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.

N—FY LT - R T

N=FT T - NYVTRY Ty 2TOTERR, TREFALY FEORPEE A —~FY 27T
PR— T EETH D, Figure 13-1 I8 T L O 1, HECMGWNICEHEHDO Y X T 4 - LY RZH
B, TNENLCHEYMEZITS, YRATL - LY RAZFL2F vy valICEEINTHD
720, B D720DL V2% - 772 RAFL2 Fv¥via- by b ABREDOIGERMEIC
2o /2, VAT L LYRRXRZDLDBANY TERE B> THA—F T 2 THL Y REBEOT
Py o WEREET 3720, BROBEDC 0 OPHBUESATETH B, b DFHHIc X » T
7' 77 LoffiFE . RSt 2 H-> T b,

BB, ANA=FY 2T - NYTOY Y —RF CMG I TEEINT WS 0D, CMG [H % kT
U7z [FHEALER X 3R — b L T\, Figure 132 KRR O -0 0% v Fva— FERT, »
—Fv =7 - N T OFEM AR AUFX Fil i EREE S Bo C b,

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

Tuxy iy T e s 7 LoBE S5 E R BLHIT % 729 1C Performance Monitoring Unit
(PMU) A EE XN T3, A64FX i ARMv8 Manual, ¥ & OF SVE Manual ICEFEIN T3
Event Dftic, JEH D Event #FE3E L T3, T 5D Event 134 Event % B 70 B¢ FFH
7T T, D Event A GDE LI ETY 7+ Y = 7 ORI 2 i+ 2 i 2 5L
HT& 3 XTI hTw3, AETIEIZENL DIFEOERTERICOVWTHIAT 2, &k, &
Event D FEAl{EEE 13X A64FX PMU events {EE(E Icii# I T\ 3,

14.1. Instruction Mix

7'a 7o LEITR OB R S SEE N 2 BT 2 729 @ Event % Table 14-1 iICF & & 5,
Instruction Mix D72 DT _TD Event 13, 7T—F 77 F vipHDa I v b2z BT 35E%E
oTWwWd, TNHD Event A 2 MAHEICIITRBFREH Y, chbiflatbesiLT
Event XEHR I N TV SHEOHE % FH CT% %, Event DWE BRI Table 14-1 @ Event £ D
FNCHENTA YTV P ORI TRINT WS, £z, Other & Kl T TV 21T HFXD Event
TR, W22 D Event ZilAGDLETRIEINZHHATH 5, HHIAIZ Table 14-2 ISR T
LY THb, 7B, SVE MATH SPEC event I3 INST SPEC event IZ & E N7\ T LICHEE D &

HThHd,
Table 14-1 Performance Events for Instruction Mix
Instruction Mix @ 7z ¥ @ Event Event D4 Y ¥ XIS
INST_SPEC iR
FP_SPEC FH/MNICTERIC I N T RCoMme
FP_FMA SPEC FMA % D E a4
FP_RECPE_SPEC WBGE a4y & HECT T AR a4
Others (Basic FP operations) — A 72 R B N R A Ay
FP_CVT SPEC FE/NEREE R G SOUHL YR 2 ofti b 025 b &)
FP_MV_SPEC FEV NI L Y 2 2 2T 2 inEam UL Y 2 2 5 &)
ASE_SVE_INT_SPEC TN L VR 2 R 2 BB a4
PRD SPEC Predicate L ¥ 2 & % flifl & % a4
LD SPEC TRToOu— Fah
BASE LD REG SPEC AL P22 ~Du— Fady
ASE SVE LD SPEC FEVNIE L Y R X ~D 1 — F sy
FP_LD SPEC FINEEL PR 2~ 2 B u— Fénd
Others (All vector loads) FEVNIE L Y A Z~OR T P AT D u — P4y
SVE LDR REG SPEC SVE ® 3§ ~T® LDR 4y
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Instruction Mix @ 7z % @D Event

Event D47 ¥ P XIHR

SVE_LDR_PREG_SPEC

SVE LDR (predicate) 4>

Others (LDR vector) SVE LDR (vector) @4y
BC_LD_SPEC FEI/NIE L Y 2 X ~D Replicate & Broadcast @ — Fap4r (LDIR #r4y)

ASE_SVE LD MULTI_SPEC

FEI/NIUE L Y 2 2~ O Multiple structure © — F a4y (LD[234]* 45 4Y)

SVE_LD GATHER_SPEC

SVE Gather load iy 4y

SVE_LDFF_SPEC

SVE first-fault & non-fault @ — F 4y

Others (Basic vector loads)

FE N L YA Z~D—fi 7~ 7 A BO w — Fapd

ST_SPEC

TRTOR b 7hnd

BASE ST REG_SPEC

WAL ZZ DR T s

ASE_SVE_ST SPEC

TN L A Z DO DR T T sy

FP_ST SPEC

FE/NER L SRR b D AN TRD R b T

Others (All vector stores)

FH/NUHL Y Z 2 b DRy FARID X b T sy

SVE_STR_REG_SPEC

SVE O _T®D STR @i dr

SVE_STR_PREG_SPEC

SVE STR(predicate) iy 4y

Others (STR vector)

SVE STR(vector)fir 4y

ASE_SVE_ST MULTI_SPEC

FEINI L Y R Z 2> 5 @ Multiple structure A b 7 @iy4r (ST[234]*f

AT

SVE_ST SCATTER_SPEC

SVE Scatter store fir 4y

Others (Basic vector stores)

FE/NBUS L Y A 20 b O—% e~ P ARID Z T T4y

PRF_SPEC

TRTDOT) 7 = v Figsy

SVE_PRF_GATHER_SPEC

SVE gather prefetch T4y

SVE_PRF_CONTIG_SPEC

SVE contiguous prefetch 4>

Others (Prefetch in base inst.)

Base instruction 7Y 7 = v F

DCZVA_SPEC DC ZVA 4y
BR_PRED FTRT DI A4y
CRYPTO_SPEC TRTCOBES sy
SVE_MOVPRFX_SPEC SVE MOVPRFX 4y

Others (Base insts. excluding load/store)

u—F /2 b 7ar4%#BR <. Base instruction IZJ& 3 % 4y

SEERRIC AV Event

SVE_MATH_SPEC

SVE #0# BIEHi Bhdn 4>
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Table 14-2 Formulas for Other (Instruction Mix)

HE R

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_TD_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 + DCZVA_SPEC + BR_PRED

+ CRYPTO_SPEC + SVE_ MOVPRFX_SPEC)

14.2.  FLOPS

Floating operations per second (FLOPS) # & H 3 25729 D Event % Table 14-3 ICE & ® 5, T
5®D Event 133 I v b SN2 H OFE/NUSHEREZA 11T 5, Event ® 5 B SVE v ic B4
T 5D DI 128 bits L OEHFI L AR &h b, T u 5 LEITRED Vector Length D
HEZ T, Lz > T, IELWHEEIIFEITRED Vector Length #E R L CHH L 2zl uiF
b\, ¥z, FMA ROMERIIERS 720 2#E L L THZ 5,

PMU (% PE B O&JFTH 2 Z L 225, Event THIE X N B AL PEHIITH 2, L7z
5T, WHIETHOREER AR T 2L E RV a 7ETAREDEELILETH S, F7z,
FLOPS I3 KB 72 © OEECTH 2720, T u s 7 LETHO I avy SEIERIEE L 7
0 77 LOFETRE DI T A — 2 B RlR0E e 35, FITREZ SRR Tk 21k, [
ICHUS L 72 CPU_CYCLES event Z{#ifl 9 % 2 & ##t4E+ 2,

Table 14-3 Performance Events for FLOPS

Performance Event Event D ZiHA

FP_SCALE_OPS_SPEC SVE fir i D& v D EHRE % F & L 72 128 bits H 72 O DIEFEL
FP_FIXED OPS SPEC SIMD&FP iy DEFE % B & L 7= A
FP_HP_SCALE_OPS_SPEC FP_SCALE_OPS_SPEC D 5 b, HEEHE D » O E L
FP_HP FIXED OPS SPEC FP_FIXED OPS SPEC @ 9 b, PHEE R D A DAL
FP_SP_SCALE_OPS_SPEC FP_SCALE_OPS_SPEC D 5 b, HUFEEEE D » O E L
FP_SP_FIXED OPS_SPEC FP_FIXED_OPS_SPEC ® 5 b, HGE K O » DAL

FP DP SCALE OPS SPEC FP_SCALE_OPS_SPEC D 5 b, fFKEHE D A D E L
FP_DP_FIXED OPS_SPEC FP_FIXED_OPS_SPEC ® 5 b, fEHE K O & DAL
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14.3. Hardware Resource Monitor Events

Taty VORERNEY Y —ZADIRE T EEIMZ 2729 D Event % Table 14-4 ICE L9 5,
INOLDEvent ¥ vy v o IZAPHIETFHIRARLE, Tur I aETRHEOEN R —FY =
TOEEE A LT 5,

Table 14-4 Performance Events for Hardware Resource Monitoring

Performance Event Event D ZtHA

BR_MIS_PRED DT ZIC KB4 FF7A4 v - 75y ail
L1I_CACHE REFILL LII ¥ ¥ vz I 2DEE

L1D_CACHE_REFILL LIDF¥ ¥ vyva - I 20K

L1D CACHE REFILL DM TV T/ AICKERKTELID ¥ v a - I ROMEL
LID_CACHE_REFILL_PRF TV 72y F - TI7RRACERNTSZLID ¥vvva - IAMK

N=FT T - TV T7zvF - TI7RRICGERNT S LID Fv v
2 - I R[EFE

L1D CACHE WB LIDF¥F Yy vaprbdI A Ny 7ol

L1D_CACHE REFILL HWPRF

LID¥+¥vva - IAEOFA 7 A %7-0 DA v 7 74 FIOW
L1 MISS_WAIT B
(= 194 Z7MBICLID ¥ % v & 2 ® MIB %02 BE L 7-1il)

L2D_CACHE REFILL L2F%via- I 2D
L2D CACHE REFILL DM FTevF-7e—CRBRTIL2Fryia - IXADAEEK
L2D_CACHE_REFILL_PRF TV 7xyF - 7u—KERTIL2F ¥y a - IRADOMEK

TV 7z F -7 —DON, "—Fv=zT - 7TV 7y FICEKT S

L2D CACHE_REFILL HWPRF . .
- - - L2Frvia- I A0REEK

L2D CACHE WB LRFryyarbdIA Ny 7 - [[A%L

LFrvia- IZHBOI AL 70 Y720D4 v 7574 P EOBRE
L2 _MISS_WAIT fiti
E1H A4 Z7AMBICL2 F % v 2D MIB HERABERBE L 72{H)

L1I TLB REFILL L1-ITLB 3 Z D [E%k

L1D TLB REFILL L1-DTLB 3 Z D[al%k

L21 TLB REFILL L2-ITLB 3 Z D [E%k

L2D TLB REFILL L2-DTLB 3 Z D[al%k

EFFECTIVE_INST SPEC MOVPREX i %R, a3 v bLAET—F7 7 F v
BR_PRED 2 Iy b LRy

CPU _CYCLES PE © ¥4 7 LEL

Table 14-4 @ Event ZFIH$ 2 2 & ¢, 705 L ETHOA—F Y = 7 OMREEE LB
LN TED, Table14-51CF 203
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Table 14-5 Method to Calculate Hardware Performance Indicators at Program Execution

1

R

Cycles per Instruction (CPI)

CPU_CYCLES / EFFECTIVE_INST _SPEC

P21 el N

BR_MIS_PRED / EFFECTIVE_INST SPEC

IR

LIl¥vvyia-

L1I_CACHE_REFILL/EFFECTIVE_INST SPEC

N oz
I AR

LID¥¥via-

L1D CACHE REFILL/EFFECTIVE INST SPEC

TV R TI72RCKRKRTELIDFvy vy 3

oz
A

L1D_CACHE_REFILL DM /EFFECTIVE_INST SPEC

FYT7x2vF - T RRICERTALID ¥+ v

s ok
2o JARR

L1D_CACHE_REFILL PRF / EFFECTIVE_INST SPEC

N=FT T - TV 72y FBEKRLEZTY) 7y
F T I7RRICERTSLLID ¥ vy -

N oz
S AR

L1D CACHE REFILL HWPRF /EFFECTIVE INST SPEC

VI 2T TV 72y F - T RRACKERNT S
LID¥vyya- IRK

(L1D_CACHE_REFILL_PRF - L1D_CACHE_REFILL_HWPRF)
/ EFFECTIVE_INST SPEC

N oz
S AR

L2Frvyia-

L2D CACHE REFILL/EFFECTIVE INST SPEC

FevF-7n—CRERTILFryva s IREK

L2D_CACHE_REFILL DM /EFFECTIVE_INST SPEC

TV 7z F -7 —ICERTIL2Fryia - 3
RH

L2D_CACHE_REFILL_PRF /EFFECTIVE_INST SPEC

N=FY =T TV T2y FRERLEZT) 72y
Fe7u—ICERTIL2Fr v .

N 524
SRR

L2D_CACHE_REFILL_HWPRF / EFFECTIVE_INST_SPEC

VI T TV 72y FRERLEZTY) 72y
Fe7u—IERTI L2 ¥y vy -

N 524
SAR

(L2D_CACHE_REFILL PRF - L2D_CACHE_REFILL_HWPRF)
/ EFFECTIVE_INST SPEC

LID ¥v v va -« IRUEOFEL A T v

L1_MISS_WAIT/L1D_CACHE_REFILL

LFryvia- IRNBOFEEHL LT vy

L2 _MISS_WAIT/L2D_CACHE_REFILL

LID¥x¥vyva - IRUBOFETY b RZX VT4 v

74

L1_MISS_WAIT/CPU_CYCLES

LFrvia- - IZNBOFEE T FVRR VYT 4V

74

L2_MISS_WAIT/CPU_CYCLES

L1-ITLB I Z¥%

L1I TLB REFILL/EFFECTIVE INST_SPEC

L1-DTLB I =%

L1D_TLB_REFILL/ EFFECTIVE_INST_SPEC

L2-ITLB I =%

L2I TLB REFILL/EFFECTIVE INST_SPEC

L2-DTLB I Z¥%

L2D_TLB_REFILL/ EFFECTIVE_INST_SPEC

LID ¥ v vy vk L2 ¥y vy aBoBRFHFEH v
I i

(L1D_CACHE _REFILL +L1D_CACHE_WB) * 256
* Processor frequency / CPU_CYCLES

L2 F % vyal A )EoBGRES Y Fig

(L2D_CACHE_REFILL + L2D _CACHE_WB) * 256
* Processor frequency / CPU_CYCLES

14.4. Cycle Accounting

7uty 4 OWUEETREED —2>TH % Cycle Per Instruction (CPI) & i, 7oty ¥H 1 @mH%EE
TT20BERL L FENER CPUS L 7L TH D, 2D CPLIEMAEFEITT27-008% It

_RL—Y gy - 70— OUIRER. Flx

WHECAEY - T 72 ADOMMABAELR 72D D&

96
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2B ENTES, CPl %221 DM OB ORA LT & LTHRTZ &% Cycle
Accounting & '-35, A64FX (Z Cycle Accounting D 728 ® Event Z E%E L T\» %, Table 14-6 ICF

L3, 25D Event b Instruction Mix Tfiido41 % Event & [AIFFICFHEI 2 MR I T EBIRDS
» %, "Other” It Event ZflAEbECHIETEZ3HHEHTH Y, HHA% Table 14-712F & ®
50

Table 14-6 Performance Events for Cycle Accounting

Cycle Accounting D 723 @ Event

Event DAY ¥ PSR

CPU_CYCLES

CPUZ Ty 7 - %470

O0INST_COMMIT

FES 00 THBYA o0

i 3y

LD_COMP_WAIT

CSE D d i A€ -
AR A 7 %

TI7RATETRELTa Iy bTE

LD _COMP_WAIT EX

LD_COMP_WAIT ® 9 b, Baseinst. ICJE3T 2 M ERKTH 54

A7

LD_COMP_WAIT L2 MISS

LD COMP WAITD 5 b, L2 ¥ v v v a - IAFOY [ 7L

LD _COMP_WAIT L2 MISS_EX

LD COMP_WAIT L2 MISS @ 9 H. Base inst.
Hchd44 70

BT a2

Other (I1d_comp_wait 12_miss_{l)

LD COMP_WAIT L2 MISS ® 5 %, SIMD&FP & SVE 45 iC/@ 3
ZEHANERCTHBEHA I

LD_COMP_WAIT L1 _MISS

LD CIMP WAIT®5 b, LID¥ ¥ v > = - X, 212 ¥+ v

LD_COMP_WAIT L1_MISS_EX

Yacsky b4 L

(B2 ¥ vy v - IAKOL2 F v v va - IZANHETE
TEETOHA I AbEEND)

LD_COMP_WAIT L1 _MISS @ 5 % Baseinst. IZJ& 3 A 235K

ThHB YA 70

Other (1d_comp_wait 11_miss_fl)

LD_COMP_WAIT L1 _MISS ® 3 %, SIMD&FP & SVE firricg 3

MR NERTHLIA I

LD_COMP_WAIT PFP_BUSY

LD COMP WAITD 9 b, L2 ¥ ¥ v a7 ) 7=y FUHEHY Y
—ARRD7ZDICAEY - AV T 7A@ Iy P TER
w4 7

(Fm7zyF - 7a—MUETET, 7Tr—DERITomaa
1Y P TERVERERT)

LD _COMP_WAIT PFP_BUSY EX

LD_COMP_WAIT PFP_BUSY ® 5 b, Baseinst. I[CJ&F 2 @42t

HRTHL2IA 70

LD _COMP_WAIT PFP_BUSY SWPF

LD COMP WAIT PFP BUSY ®5 b, Y7+ v =7 + ) 7z
Fa A PRERTH E V4 7L

Other (1d_comp_wait_pfp busy_fl)

LD COMP_WAIT PFP BUSY D 5 5. SIMD&FP & SVE fin g 235
KcHso4 70

Other (1d_comp_wait _11_hit)

LD COMP WAIT® 5 b, LID ¥y vy 2 - by FFO¥ AL 70
(BEHEWCIZLID ¥y vy a - IAFFOLID F¥¥ v a - I XD
ETLETOIAIABEIND)
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Cycle Accounting D 7z % @ Event

Event D47 ¥ P XIHR

Other (1d_comp_wait 11_hit_ex)

Id_comp_wait_11_hit ® 5 %, Baseinst. ICJET 2 mAVEKTH 5
YA 7

Other (1d_comp_wait 11_hit fl)

1d_comp_wait_I1_hit ® 5 &, SIMD&FP & SVE @y ICJ@$ 5 frdr
BERTH B4 70

EU_COMP_WAIT

CSE Db H i f AR TRbTa Iy P TELRVIA 70

FL_COMP_WAIT

EU_COMP_WAIT ® 5 b, SIMD&FP & SVE x4 iC 83 2 i id

HHRTHLY A 70

Other (ex_comp_wait)

EU COMP_WAIT @ 9 b, Baseinst. I/ 2R ERTH 54
A 7N

BR_COMP_WAIT

CSE Db Huan i yikay & ¢, B oEEfbTta Iy

FTERWIA I

ROB_EMPTY

CSE RZEDEDImPRia Iy b TERWYFAL 20 (WhdiTFa
— F A7 =Y LRICTEE L T niREE)

ROB_EMPTY_STQ BUSY

14

CSE 2322, 2> Virtual SP 23 7 L DRFED 72 I fy23a T v b
TEhWnwH [ 70

(Virtual SP 28 7 A D720 F a2 — F231E F - T 3 IKEE)

WFE_WFI_CYCLE

WEFE 4y, $£7-13 WFLIC X Y PE DEfEEILL LT3 %4 70
Q3 7w 77 LCIEFEEE b O & L CBiing)

Other (rob_empty not stq_busy)

Z DM DOER T CSE BXED o ICmpRra Iy P TERWVWI AL
v
(Fic, R 7 =y FREL ORI E LTHND)

UOP_ONLY_COMMIT

PWOP @D A3 Iy bI =¥ 4 7
(ZuOPinJL/U:»T:'~]*é<1’L7”’7 XTI FvmaicBnT
L RED IOP DI Iy M BT —F T/ F v LTCOa
i/l\%E”ﬂW‘éﬂ&b HOP D H D I v b &) REEN D
%)

SINGLE_MOVPRFX COMMIT

Pack ¥ 72> o7z MOVPRFX iy DA A2 Iy b Lizd A4 7L

Other (Oinst_commit_other)

ZDOMDERTHERI IV P TERoZT [ 7L

1INST_COMMIT maa Iy M 1 THEHA o0
2INST_COMMIT WHa Iy P 2 THBEFA oA
3INST_COMMIT WA Iy P 3 THBEFA o0
4INST_COMMIT WHIT Iy M 4 THBEFA o0

SEERRIC AV Event

LD _COMP_WAIT EX

LD COMP _WAIT @ 9 b, Baseinst. ICJ&T 2R ERTH 54
A 7N
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Table 14-7 Formulas for Other (Cycle Accounting)

HH HHK
1d_comp_wait_12_miss_fl LD_COMP_WAIT L2 MISS — LD_COMP_WAIT L2 MISS_EX
1d_comp_wait_11_miss_fl LD_COMP_WAIT 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)

1d_comp_wait_11_hit f 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 — 22—

CDETIEAMFX DA—F 727 - VY —2%—EICEL DB,

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/L.2 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. moEE 14 7vy—8

AGAFX 23 H K — b T 22D AT v —8E% ARMvS (Table 16-1), ARMvS8 SIMD&FP (Table 16-2), SVE (Table 16-3) I3 CTZNZ R T,
BROFIEE LD WTHIAT %,

®  Instruction, Alias
MAEDYV AL THS, Alias B IITTICHR2MmHDOY 7y P& LTEILLTWS
®  Control option
Fl—@ficsnC, B2 —Fy=2T70FL 2L E0EMEERL TS, BANICT Y77« vV Ry 7 ATHEEEZRBIL TS,
Variant #XJl$ 23 L X, T4 RT A4 4F—Yay - FARTFVFDLYRX « 4 XTI LT3,
TAAT A A=Y ay ATy FTCRRITERVEEF, V—R - ATV FTREL T 5,
® VL
Control option I VL 23523 % & ZICXFIZRELL T b, EMTH 2L ZlIA—F Y = TOEFIL VL OEELZ TR LE2EKRL TV
®  Number of pOP
Ta— FIRRICOREI NS pOP D TH %, pOP MFic o2V Tid 41 BEx RO L,
®  Sequential decode
V=T vy r s TaA—FONRGATHLILERT, YT vy Ta—FiiowTid4l BEESHOZ L,
®  Pre-sync, Post-sync
Pre-sync & X U Post-sync HfHON R HTH 5 Z L Zm$, SyncHlfflliconTiH47EEZ SO &,

®  Pack

MOVPRFX fir 41 CERfi & 17z & Z 1T Pack MBS AIRE /R fip B 2 7R 7o Pack T D WCTIZ 43 HEZ SO 2 &,
®  Extra pOP

MOVPRFX 43 & 2 {E#ffi, 7D Merging predication @ & E1Z pOP iy 03BN 2B TH 5 Z & 2T, Merging predication IC DWW TIE 651 Ex SO L,
®  Blocking

MEETRCTey R v IHlHsnsmaTh i L ERT,
RATTAY - TuyFv7IN5GEIRP, EE7ey F U 7ENIMOIRE L REIL LTS, 7uy v rdlflliconcii 63 Zx2SHo o L,

®  [Latency
MADFETLAT V2R, EARMWICIE pOP H AL TREL T 5
PPN

O—FaficksnwCit, LIDF ¥ vy va - by PEEOLA TV E LTV
¥/, B—F /AT RF =V T s AL —vay - 7n—BEET 72 ZADWE., HIZIETFLR - TI4 AV IRTF—REACICKET 220, KR—BECIIYBICHHAORYIO 70 —Dh%i L LTw3
KLV — VT T O#E Y TH 5,
B 0P DRl S 1T < TH B,
B OP NI KAFBAGR A B 5 & &1L, BT 2 KNSR poP i DMNLEZ [ CHA A BT &Rl ckT,
BzIE, "1/2/0204/27 LS EREBBNIE, 3 FEHD uOP @4 D ATIZ—2Hi & ZOHiD yOP H O TH B L ZRL T3
B () BB osrr—7txERT, ¥5ic, OxN BB/ —7OEFAKETHY, () NE NEEFRTZ L EERT 3,
BIZIE, "(1/2)x3”F “1/2/1/2/1/27C, "1/ /M4y x 2713 «1/2/04/2/04 (@RS N3,
B EHERRTEREGRS D e a i, ERRLD v — 7T 5,
Bz AE, 71 /027278713, SEHEDOL A T2 1 D pOP it DT~ TD poP MEaMBKFEL T3
TorE, /W) x3 I —FLLCERKRL LT3,
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POP fE i IC IFEBA R L —vay - 70—l INdd0RH 5, HEA L —vay - 7e—PllLADLI oL ZORITNV—NVIEIUTOBY TH 2, vATF - AL —vaviiowTii42EEZSROZ L,
¥, AL —vayv - 7u—HoKEFERRERNEZE 7 e —DADED, AL —vay - 70— B T BIREBBROMERRIZ R,

B Fa-F 27—V pIniA L —vay s 7u—KFRERD A (L BEBO A T I A v THIILTHEITENSG L FIE) KUY TN TERRLT b,
B 7a—F A7V THEINAL—vay - 7u—KFBREH D a3 b b HBOASA T T4 v TERITEINS L FIRT XYY T L CRELT b,
B ETRAT-VIRTHEINARL v ay - 7a = REBIRAH Y, AL —va v - TR =B RICETING L E i, XU T L TR T %,
B Pipe() BI#(ERGCI Gather load / Scatter store, Multiple structures load / store D 729 Ol 72 KL TH 5,
Pipe(L,N) ZL AT v L7 —%, NEEHLTHEIA ZARTTIILE2RL TS, 78 —BIRIMKER R W04 774 vFfTEh 5,
®  Pipeline

AR —vav - 7u—%RTTENATITA v RS, BT 774 viconTid62BE2SHoZ &,
K — v A TR REARL L, UTor—1z8ind 3,
B AL —vay . 7o—%REFARER A TIA VMRS 5 L i, F (VAL EA—F) & |GREEAD Zffo THRiLT 5,
il 2 1E. EX* | EAG* 13 EX (BEEGHER) ¥4 774 v & EAG(T FLRAHER) OWITNOANL TITL4 VTHETTELILERL TS,
F7. (EXA+EXA)|(EXB+EXB) (I, AL —vav - - 70— | HHL 2HFBHIUKESRH Y, ML d EXA S T I4 v CTHEIT, £2EMA LD EXBXA 774 VY TCETTEZ 2R LT 5,
B W O0DFRL—vav - 7a—0fAHbETIE, N XZ - FAT 4 RFEITMA b5,
DX E T, NASRBRETE 4T T4 VEIC "HNULLH AL, 2L A4 7 Vv REDBEICMBEICAL AR - RFATADLA TV IBRTENT WD,
BIZIE, LA T v R 7143467 T4 774 v KD "EXA+NULL+FLA” TH 3 & Xld, FRDIHF A ZABNL SR - F AT 4 TH 3B,
B Pipe() PIEGEREIZ L 4 7 v~ KL L [FIBRIC. Gather load / Scatter store, Multiple structures load / store D72 ORI 7KL TH 5,
Pipe(P,N) (&4 774 Y PIINE 78— F T3 NDE T LE2RLTWD,
72 ¥, Gather load / Scatter store (3—2DF+ =L —+ 3 « 70— EAGA & EAGB Diif# AT 2720, #HHT 24 774 VIZ"EAGA & EAGB” L KiLL T3,
®  Number of FP
02— F/ A b T7&HAIcE ) YT o5 Fetch Port #C% %, Fetch Port ICDW T 73 Ao &,
®  Number of SP
o —F,/ A b7 &aaIcE Y S THD Store Port 8 TH 5, Fetch Port ICDOWTIZ 73 EESHOZ L,
® FLOPS
4> D Performance Event TH 2 FF 533 Element 72 Y OFE/NIIHEBERTH 3,

AIEHRZEMCcH 3 & %13 70" FLOPS & L TH#ib i3, Performance Event T®D FLOPS BHIC O WTIF 142 HmE BB &,

16.1. ARMvVS8 Base instructions

Table 16-1 Instruction Attributes/Latency (ARMYvS)

q q q #of | Seq. |Pre-|Post- . q q
Instruction Alias Control option u(;)l, de:(? de S;:c S;:c 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 :(;’; d::;‘c'le :;zc l:;;tc 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 241 (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 v 2/m1 /1 /0241 EX* / EX* / EX* / EX*
BFI 4 v 2/m1 /1 /0241 EX* / EX* / EX* / EX*
BFXIL 4 v 2/m1 /1 /0241 EX* / EX* / EX* / EX*
4 v 2/m1 /1 /0241 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 :(;)lf d::;‘('le :;zc l:;;tc 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 N4 v | v NA / NA /
CAS{|A|AL|L} 3 N4 1/51/@1 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|LYH 3 v 1/51/@1 EAG* / EAGA; EXA / EXA 1 1
CASP{|A|AL|L} 7 v 1/5W1/1/1@1/5®1/1 /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 4 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 4 NA /NA /
DCPS2 2 N4 NA / NA /
DCPS3 2 N4 NA / NA /
DMB 2 N4 NA / NA / EAGA 1
DRPS 2 4 v | v NA /NA /
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Instruction Alias Control option :(;)lf d::;‘('le :;zc l:;;tc Blocking Latency Pipeline # of FP # of SP
DSB 2 4 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 (241 (EXA + EXA) | (EXB + EXB)
ERET 2 v NV, NA /NA /
EXTR ROR (immediate) 1 2 EX*
3 v 2/2/021 EX* / EX* / EX*
HINT NOP 1 NA
YIELD 6 v v | v NA/NA/NA/NA/NA/NA 1117/
WFE 2 v v | v NA /NA /
WEFI 2 vV vV NA /NA /
SEV 2 vV vV NA /NA /
SEVL 2 v v | v NA /NA /
ESB 2 v v NA /NA / EAGA 1
HLT 2 v v NA /NA /
HVC 2 v v NA /NA /
ISB 2 4 NG NA /NA / EAGA 1
LDADD STADD 4 4 1 /05 /01 / 1INA EAG* / EAGA / EXA / EXA 1 1
4 4 1 /05 /071 / 1INA EAG* / EAGA / EXA / EXA 1 1
LDADDA 4 4 1 /05 /01 /1INA EAG* / EAGA / EXA / EXA 1 1
LDADDAB 4 4 1 /05 /071 /1INA EAG* / EAGA / EXA / EXA 1 1
LDADDAH 4 v 1 /05 /071 / 1INA EAG* / EAGA / EXA / EXA 1 1
LDADDAL 4 v 1 /05 /01 /1INA EAG* / EAGA / EXA / EXA 1 1
LDADDALB 4 v 1 /05 /071 /1INA EAG* / EAGA / EXA / EXA 1 1
LDADDALH 4 v 1 /M5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LLDADDB STADDB 4 v 1 /M5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
4 4 1 /W5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDADDH STADDH 4 v 1 /M5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
4 v 1 /M5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDADDL STADDL 4 v 1 /M5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
4 4 1 /M5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDADDLB STADDLB 4 v 1 /W5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
4 4 1 /M5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDADDLH STADDLH 4 v 1 /M5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
4 v 1 /M5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDAR 1 5 EAGA 1

106 A64FX Microarchitecture Manual 1.5




Instruction Alias Control option :(;’; d::gc'le :;zc l:;;tc Latency Pipeline # of FP # of SP
LDARB 1 5 EAGA 1
LDARH 1 5 EAGA 1
LDAXP 3 N4 1 /W5 /125 EAG* / EAGA / EAGA 3
LDAXR 1 5 EAGA 1
LDAXRB 1 5 EAGA 1
LDAXRH 1 5 EAGA 1
LDCLR STCLR 4 V4 1 /M5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
4 N4 1 /W5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDCLRA 4 v 1 /W5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDCLRAB 4 N4 1 /M5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDCLRAH 4 v 1 /W5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDCLRAL 4 V4 1 /M5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDCLRALB 4 N4 1 /W5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDCLRALH 4 V4 1 /M5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDCLRB STCLRB 4 N4 1 /W5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
4 V4 1 /M5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDCLRH STCLRH 4 N4 1 /W5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
4 V4 1 /M5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDCLRL STCLRL 4 N4 1 /W5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
4 V4 1 /M5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDCLRLB STCLRLB 4 N4 1 /M5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
4 v 1 /W5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDCLRLH STCLRLH 4 N4 1 /M5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
4 v 1 /W5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDEOR STEOR 4 V4 1 /M5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
4 N4 1 /W5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDEORA 4 V4 1 /M5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDEORAB 4 N4 1 /W5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDEORAH 4 V4 1 /M5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDEORAL 4 N4 1 /W5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDEORALB 4 V4 1 /M5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDEORALH 4 N4 1 /W5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDEORB STEORB 4 v 1 /W5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
4 N4 1 /M5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDEORH STEORH 4 v 1 /W5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
4 N4 1 /M5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDEORL STEORL 4 N4 1 /W5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
4 V4 1 /M5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
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LDEORLB STEORLB 4 4 1 /05 /01 /1INA EAG* / EAGA / EXA / EXA 1 1
4 4 1 /M5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDEORLH STEORLH 4 4 1 /05 /01 / 1INA EAG* / EAGA / EXA / EXA 1 1
4 4 1 /M5 /M1 /1INA 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 v 1 /M5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
4 N4 1 /M5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDSETA 4 N4 1 /M5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDSETAB 4 N4 1 /M5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDSETAH 4 N4 1 /W5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDSETAL 4 N4 1 /W5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDSETALB 4 N4 1 /W5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDSETALH 4 N4 1 /W5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDSETB STSETB 4 N4 1 /W5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
4 N4 1 /W5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDSETH STSETH 4 N4 1 /W5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
4 v 1 /W5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDSETL STSETL 4 N4 1 /W5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
4 v 1 /W5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDSETLB STSETLB 4 v 1 /W5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
4 v 1 /W5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDSETLH STSETLH 4 V4 1 /M5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
4 V4 1 /M5 /M1 /1INA EAG* / EAGA / EXA / EXA 1 1
LDSMAX STSMAX 4 4 1 /015 /1+11 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
4 V4 //P/ |1/15/1+11 /1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMAXA 4 v //P/ |1/15/1+11 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMAXAB 4 N //P/ |1/W5 /141 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMAXAH 4 N //P/ |1/W5 /141 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMAXAL 4 N //P/ |1/W5 /141 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMAXALB 4 N //P/ |1/W5 /141 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMAXALH 4 v //P/ |1/M5/1+11 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMAXB STSMAXB 4 v 1 /015 /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
LDSMAXH STSMAXH 4 v 1 /15 /1+11 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1
4 v //P/ |1/15 /1+011 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMAXL STSMAXL 4 v 1 /15 /1+11 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1
4 v //P/ |1/15 /1+011 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMAXLB STSMAXLB 4 v 1 /15 /1+11 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1
4 v //P/ |1/15 /1+011 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMAXLH STSMAXLH 4 v 1 /15 /1+11 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1
4 v //P/ |1/15 /1+011 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
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LDSMIN STSMIN 4 4 1 /015 /1+11 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
4 V4 //P/ |1/15/1+11 /1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMINA 4 N //P/ |1/W5/1+11 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMINAB 4 N //P/ |1/W5/1+11 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMINAH 4 N //P/ |1/W5/1+11 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMINAL 4 v //P/ |1/M5/1+11 / LINA 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/M5 /1+11 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMINB STSMINB 4 v 1 /15 /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
LDSMINH STSMINH 4 v 1 /15 /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 v 1 /15 /1+11 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1
4 v //P/ |1/15 /1+011 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDSMINLB STSMINLB 4 v 1 /15 /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
LDSMINLH STSMINLH 4 v 1 /15 /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
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 /15 /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
LDUMAXA 4 v //P/ |1/15 /1+11 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDUMAXAB 4 N //P/ |1/W5/1+11 / LINA 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/W5/1+11 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1
LDUMAXALB 4 v //P/ |1/15 /1+011 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDUMAXALH 4 N //P/ |1/W5/1+11 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1
LDUMAXB STUMAXB 4 v 1 /15 /1+11 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1
4 V4 //P/ |1/15/1+11 /1INA EAG* / EAGA / EXA+EXA / EXA 1 1
LDUMAXH STUMAXH 4 v 1 /15 /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
LDUMAXL STUMAXL 4 v 1 /15 / 1+101 / 1INA 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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LDUMAXLB STUMAXLB 4 v 1 /15 / 1+101 / HINA 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 /15 / 1+101 / 1INA 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 /15 / 1+101 / 1INA 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/ |1/15 /1+11 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1

LDUMINAB 4 v //P/ |1/M5/1+11 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1

LDUMINAH 4 v //P/ |1/15 /1+11 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1

LDUMINAL 4 v //P/ |1/W5 /141 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1

LDUMINALB 4 v //P/ |1 /15 /1+11 /1INA EAG* / EAGA / EXA+EXA / EXA 1 1

LDUMINALH 4 v //P/ |1/W5 /141 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1

LDUMINB STUMINB 4 v 1 /15 /1+11 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1
4 V4 //P/ |1/15/1+11 /1INA EAG* / EAGA / EXA+EXA / EXA 1 1

LDUMINH STUMINH 4 v 1 /15 /1+11 / LINA EAG* / EAGA / EXA+EXA / EXA 1 1
4 V4 //P/ |1/15/1+11 /1INA EAG* / EAGA / EXA+EXA / EXA 1 1

LDUMINL STUMINL 4 v 1 /15 /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

LDUMINLB STUMINLB 4 v 1 /15 / 1+101 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1
4 v //P/ |1/15 /1+11 / 1INA EAG* / EAGA / EXA+EXA / EXA 1 1

LDUMINLH STUMINLH 4 v 1 /15 / 1+101 / 1INA 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 V4 1/W5 /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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Seq.

Pre-

Post-

Instruction Alias Control option 0 | it | cmris | g Blocking Latency Pipeline # of FP # of SP
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 241 (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*
NYe 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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Pre-

Post-
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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 /01 EXA / EXA
SMC 2 v v | v NA /NA /
SMSUBL SMNEGL 2 5 /11 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 v 1/8M1/1/21 /841 /1 /11 EAG* / EAGA; EXA / EXA / EAG* / EAGA; EXA / EXA / EAG* 2 2
STLXR 3 v 1/8;1/RINA EAG* / EAGA; EXA / EXA 1 1
STLXRB 3 v 1/8;1/RINA EAG* / EAGA; EXA / EXA 1 1
STLXRH 3 v 1/8;1/RINA EAG* / EAGA; EXA / EXA 1 1
STNP 2 NA, NA / NA, NA EXA, EAG* / EXA, EAG* 2 2
STP Post-index 3 NA,NA/NANA/1 EAG* EXA / EAG* EXA / EX*| EAG* 2 2
Pre-index 3 NA,NA/NANA/1 EAG* EXA / EAG* EXA / EX*| EAG* 2 2
Signed offset 2 NA, NA / NA, NA EAG* EXA / EAG* EXA 2 2
STR (immediate) Post-index 2 NA,NA/1 EAG* EXA / EX*| EAG* 1 1
Pre-index 2 NA,NA/1 EAG*, EXA / EX*| EAG* 1 1
Unsigned offset 1 NA, NA EAG*, EXA 1 1
STR (register) 1 NA, NA EAG* EXA 1 1
STRB (immediate) Post-index 2 NA,NA/1 EAG*, EXA / EX*| EAG* 1 1
Pre-index 2 NA,NA/1 EAG* EXA / EX*| EAG* 1 1
Unsigned offset 1 NA, NA EAG*, EXA 1 1
STRB (register) 1 NA, NA EAG*, EXA 1 1
STRH (immediate) Post-index 2 NA,NA/1 EAG*, EXA / EX*| EAG* 1 1
Pre-index 2 NA,NA/1 EAG* EXA / EX*| EAG* 1 1
Unsigned offset 1 NA, NA EAG* EXA 1 1
STRH (register) 1 NA, NA EAG* EXA 1 1
STTR 1 NA, NA EAG*, EXA 1 1
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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 4 1/8M1/1/21 /841 /1 /211 EAG* / EAGA; EXA / EXA / EAG* / EAGA; EXA / EXA / EAG* 2 2
STXR 3 4 1/8;1/RINA EAG* / EAGA; EXA / EXA 1 1
STXRB 3 4 1/8;1/RINA EAG* / EAGA; EXA / EXA 1 1
STXRH 3 4 1/8;1/RINA 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 241 (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 :(;); d::‘?c'le :;:c z;sltc 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 v 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 5/11 EXA / EXA
2 5/01 EXA / EXA
UMULH 1 5 EXA

(*1)MRS/MSR iR IZT7 72 $T B AT L - LY ZZICX Y HlEIAER: 3,
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16.2. ARMv8 SIMD&FP instructions

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

Instruction Alias Control option ::(;); d:s;l(.ie :;z; l;;lsltc Blocking Latency Pipeline #of FP | #of SP | FLOPS
ABS 1 4 FL*
ADD (vector) 1 4 FL*
ADDHN, ADDHN2 2 4 4 /116 FL* / FLB
ADDP (scalar) 2 4 6 /14 FLA / FL*
ADDP (vector) 3 4 6/6/11214 FLA / FLA / FL*
ADDV 6 V4 4 /114 /6 /11214 /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 :(;); desce‘:'('ie :;::; l:;:tc 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 NG 6/6 /129 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 /129 FLA / FLA / FL* 2
FCMLA (by element) 3 6/6/1129 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 /119 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 :(;); d:cesl(.ie 5;::; l:;:tc 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 NG 6 /114 FLA / FL*
FMAXNMP (vector) 3 NG 6/6/1214 FLA / FLA / FL*
FMAXNMV <T> = {4H|8H} 7 NG 4 /(6 /11214)x 3 FL* / (FLA /FL¥*) x 3
<T>=4S 5 NG 4 /(6 /1024)x2 FL* / (FLA /FL¥) x 2
FMAXP (scalar) 2 v 6 /114 FLA / FL*
FMAXP (vector) 3 v 6/6/1214 FLA / FLA / FL*
FMAXV <T>= {4H|8H} 7 v 4 /(6 /11214)x 3 FL* / (FLA /FL¥*) x 3
<T>=14S 5 4 4 /(W6 /1124)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::i:lc.ie :;::; l:;:tc Blocking Latency Pipeline #of FP | #of SP | FLOPS

FMINNMV <T> = {4H|8H} 7 NG 4 /(6 /11214)x 3 FL* / (FLA /FL¥*) x 3

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

<T>=4S 5 v 4 /(6 /11214) 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 N 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 :(;); desce‘:'('ie :;::; l:;:tc 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 11/11/11/1 EAG* / EAG* / EAG* / EAG* 3
Post-index 4 registers <T> = {8B|4H|2S|2D|1D} | 5 8/8/8/8/1 EAG* / EAG* / EAG* / EAG* / EAG* 4
Post-index 4 registers <T> = {16B|8H|4S} 5 11/11/11/11/1 EAG* / EAG* / EAG* / EAG* / EAG* 4
LD1 (single structure) No offset 2 8/6 EAG* / FLA 1
Post-index 3 8/6/1 EAG* / FLA / EAG* 1
LD1R No offset 1 8 EAG* 1
Post-index 2 8/1 EAG* / EAG* 1
LD2 (multiple structures) No offset 2 11/11 EAG* / EAG* 2
Post-index 3 11/11/1 EAG* / EAG* / EAG* 2
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Instruction Alias Control option :(;); des::i:lc.ie :;::; l:;:tc Blocking Latency Pipeline #of FP | #of SP | FLOPS

LD2 (single structure) No offset 4 v 8/6)x2 (EAG* /FLA)x 2 2
Post-index 5 V4 B/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 (8/6)x3 (EAG* /FLA)x 3 3
Post-index 7 B8/6)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) x 4 4
Post-index 9 B8/6)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 :(;); d::;'('ie :;::; 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 v 4 /114 /16 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 v 4 /114 /116 FL* / FL* / FLB

RSUBHN, RSUBHN2 3 v 4 /4 /6 FL* / FLA / FLB

SABA 2 v 4 /14 FL* / FL*

SABAL, SABAL2 4 v 6/6/11214 /(W4 FLB / FLB / FL* / FL*

SABD 1 4 FL*

SABDL, SABDL2 3 6/6/1124 FLB / FLB / FL*

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

SADDL, SADDL2 3 6/6/1124 FLB / FLB / FL*

SADDLP 2 6 /114 FLB / FL*

SADDLV 6 v 4 /114 /e /11214 /114 /114 FL* / FL* / FLA / FL* / FL* / FL*

SADDW, SADDW2 2 v 6 /114 FLB / FL*

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

SCVTF (scalar, integer) 1 1+3+9 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 /114 FLB / FL*

SHRN, SHRN2 2 v 4 /116 FL* / FLB

SHSUB 1 4 FL*
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Instruction Alias Control option :(;); desce‘:'('ie :;::; l;;:tc Blocking Pipeline #of FP | #of SP | FLOPS
SLI 3 N 4 /4 /024 FL* / FLA / FL*
SMAX 1 4 FL*
SMAXP 3 6/6/ 024 FLA / FLA / FL*
SMAXV 6 J 4 /W6 /124 [ 14 [ 14 [ 114 FL* / FLA / FL* / FL* / FL* / FL*
SMIN 1 4 FL*
SMINP 3 J 6/6/024 FLA / FLA / FL*
SMINV 6 J 4 /W6 /124 [ 14 [ 14 [ 114 FL* / FLA / FL* / FL* / FL* / FL*
SMLAL, SMLAL2 (by element) <Ta> =4S 4 v //E/ |6/6/028 /14 FLB /FLA / FLA / FL*
<Ta>=2D 3 N 6/6/0129 FLB / FLA / FL*
SMLAL, SMLAL?2 (vector) <Ta> = {8H|4S} 4 v //E/ |6/6/028 /14 FLB /FLB/ FLA / FL*
<Ta>=2D 3 J 6/6/049 FLB/FLB/ FL*
SMLSL, SMLSL2 (by element) <Ta> =4S 4 v //E/ |6/6/028 /14 FLB /FLA / FLA / FL*
<Ta>=2D 3 N 6/6/0249 FLB / FLA / FL*
SMLSL, SMLSL2 (vector) <Ta> = {8H|4S} 4 v //E/ |6/6/028 /14 FLB /FLB/ FLA / FL*
<Ta>=2D 3 N 6/6 /129 FLB / FLB / FL*
SMOV 1 6+1+18 FLA + NULL + EAG* 1 1
SMULL, SMULL2 (by element) <Ta> =4S 3 N //E |6/6/028 FLB /FLA / FLA
<Ta>=2D 3 N 6/6 /129 FLB / FLA / FL*
SMULL, SMULL2 (vector) <Ta> = {8H|4S} 3 N //E |6/6/028 FLB / FLB / FLA
<Ta>=2D 3 N 6/6 /1249 FLB / FLB / FL*
SQABS 1 4 FL*
SQADD 1 4 FL*
SQDMLAL, SQDMLAL?2 (by element) Scalar <Va>=S§ 4 v //E/ |6/6/028 /14 FLB /FLA / FLA / FL*
Scalar <Va>=D 3 J 6 /119 /114 FLA / FL* / FL*
Vector <Ta> = 4S 4 v //E/ |6/6/1128 /14 FLB / FLA / FLA / FL*
Vector <Ta> = 2D 4 J 6/6 /0249 /114 FLB / FLA / FL* / FL*
SQDMLAL, SQDMLAL2 (vector) Scalar <Va>=S§ 4 v //E/ |6/6/028 /14 FLB /FLB/ FLA / FLA
Scalar <Va>=D 2 v 9 /14 FL* / FL*
Vector <Ta> = 4S 4 v //E/ |6/6/1128 /14 FLB / FLB / FLA / FLA
Vector <Ta> = 2D 4 N 6/6 /0249 /114 FLB / FLB/ FL* / FL*
SQDMLSL, SQDMLSL2 (by element) Scalar <Va> =S 4 N //E/ |6/6/128 /14 FLB / FLA / FLA / FL*
Scalar <Va> =D 3 N 6 /119 /114 FLA / FL* / FL*
Vector <Ta> = 4S 4 N //E/ |6/6/128 /14 FLB / FLA / FLA / FL*
Vector <Ta> = 2D 4 N 6/6 /029 /114 FLB / FLA / FL* / FL*
SQDMLSL, SQDMLSL2 (vector) Scalar <Va> =S 4 N //E/ |6/6/128 /14 FLB /FLB/ FLA / FLA
Scalar <Va>=D 2 v 9 /14 FL* / FL*
Vector <Ta> = 4S 4 N //E/ |6/6/128 /14 FLB /FLB/ FLA / FLA
Vector <Ta> = 2D 4 N 6/6 /029 /114 FLB/ FLB / FL* / FL*
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Instruction Alias Control option :(;); d::;'('ie :;::; l;;:tc 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> = {25]4S} 2 v 6 /119 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 |6/6/1L28 FLB / FLA / FLA
Scalar <Va>=D 2 v 6 /119 FLA / FL*
Vector <Ta> = 4S 3 v //E |6/6/1128 FLB / FLA / FLA
Vector <Ta> = 2D 3 v 6/6/1129 FLB / FLA / FL*

SQDMULL, SQDMULL2 (vector) Scalar <Va>=S 3 v //E |6/6/1L28 FLB / FLB / FLA
Scalar <Va>=D 1 9 FL*
Vector <Ta> = 45 3 v //E |6/6/1128 FLB / FLB / FLA
Vector <Ta> = 2D 3 6/6 /01219 FLB / FLB / FL*

SQNEG 1 4 FL*

SQRDMLAH (by element) Scalar <V> = H, Vector <T> = {4H|8H} 2 v /E 6/ 1+[18 FLA / FLA + FLA
Scalar <V> =§, Vector <T> = {25]4S} 2 6 /119 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+18 FLA / FLA + FLA
Scalar <V> =§, Vector <T> = {2S]4S} 2 v 6 /119 FLA / FL*

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

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

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

SQRSHL 2 v 6 /114 FLB / FL*

SQRSHRN, SQRSHRN2 3 v 4 /114 /16 FL* / FL* / FLB

SQRSHRUN, SQRSHRUN2 3 4 /114 /16 FL* / FL* / FLB

SQSHL (immediate) 1 6 FLB

SQSHL (register) 1 6 FLB

SQSHLU 1 6 FLB

SQSHRN, SQSHRN2 2 NG 4 /116 FL* / FLB

SQSHRUN, SQSHRUN?2 2 NG 4 /116 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 /024 FL* / FLA / FL*
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Instruction Alias Control option :(;); des::i:lc.ie :;::; l:;:tc Blocking Latency Pipeline #of FP | #of SP | FLOPS

SRSHL 2 NG 6 /114 FLB / FL*

SRSHR 2 NG 4 /14 FL* / FL*

SRSRA 3 NG 4 /114 /114 FL* / FL* / FL*

SSHL 1 6 FLB

SSHLL, SSHLL2 SXTL, SXTL2 2 6 /4 FLB / FL*

2 6 /114 FLB / FL*

SSHR 1 4 FL*

SSRA 2 v 4 /14 FL* / FL*

SSUBL, SSUBL2 3 6/6/1124 FLB / FLB / FL*

SSUBW, SSUBW2 2 v 6 /114 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) x 4 (EAG* FLA) x 4 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) x 4 / 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) x 4 (EAG* FLA) x 4 4 4
Post-index 5 (NA,NA)x4 /1 (EAG* FLA) x 4 / EAG* 4 4

ST4 (single structure) No offset 4 (NA,NA) x 4 (EAG* FLA) x 4 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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Instruction Alias Control option :(;); desce‘:'('ie :;::; l;;:tc Blocking Latency Pipeline #of FP | #of SP | FLOPS
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 v 4 /116 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 6/6/11214 FLB / FLB / FL*
Tow register table 5 v 6/(6/1124)x2 FLB / (FLB / FL*)x 2
Three register table 7 v 6/(6/1124)x3 FLB / (FLB / FL*)x 3
Four register table 9 v 6/(6/1124)x4 FLB / (FLB / FL*) x 4
TRN1 1 6 FLA
TRN2 1 6 FLA
UABA 2 4 /14 FL* / FL*
UABAL, UABAL2 4 6/6 /11214 /1114 FLB / FLB / FL* / FL*
UABD 1 4 FL*
UABDL, UABDL2 3 v 6/6 /024 FLB / FLB / FL*
UADALP <Ta> = {4H|8H|2S|4S} 1 6 FLB
<Ta>={1D|2D} 3 v 6 /114 /114 FLB / FL* / FL*
UADDL, UADDL2 3 6/6/1124 FLB / FLB / FL*
UADDLP 2 6 /114 FLB / FL*
UADDLV 6 4 /114 /16 /11214 /114 /(14 FL* / FL* / FLA / FL* / FL* / FL*
UADDW, UADDW?2 2 6 /4 FLB / FL*
UCVTF (scalar, fixed-point) 1 1+3+9 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 6/6/1124 FLA / FLA / FL*
UMAXV 6 4 /16 /114 /11214 /114 /(14 FL* / FLA / FL* / FL* / FL* / FL*
UMIN 1 4 FL*
UMINP 3 NG 6/6/1214 FLA / FLA / FL*
UMINV 6 NG 4 /16 /114 /11214 /114 /(14 FL* / FLA / FL* / FL* / FL* / FL*
UMLAL, UMLALZ2 (by element) <Ta> =4S 4 NG //E/ |6/6/148 /114 FLB /FLA / FLA / FL*
<Ta>=2D 3 v 6/6/1129 FLB / FLA / FL*
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UMLAL, UMLALZ2 (vector) <Ta> = {8H|4S} 4 //E/ |6/6/148 /114 FLB /FLB / FLA / FL*
<Ta>=2D 3 V4 6/6/1219 FLB / FLB / FL*

UMLSL, UMLSL2 (by element) <Ta> =4S 4 v //E/ |6/6/148 /114 FLB / FLA / FLA / FL*
<Ta>=2D 3 v 6/6/1129 FLB / FLA / FL*

UMLSL, UMLSL2 (vector) <Ta> = {8H|4S} 4 v //E/ |6/6/148 /114 FLB / FLB / FLA / FL*
<Ta>=2D 3 V4 6/6/1219 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 |6/6/1L28 FLB / FLA /FLA
<Ta>=2D 3 v 6/6/1129 FLB / FLA / FL*

UMULL, UMULL2 (vector) <Ta> = {8H|4S} 3 v //E |6/6/1L28 FLB / FLB / FLA
<Ta>=2D 3 V4 6/6/1219 FLB / FLB / FL*

UQADD 1 4 FL*

UQRSHL 2 6 /114 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 /16 FL* / FLB

UQSUB 1 4 FL*

UQXTN, UQXTN2 1 6 FLB

URECPE 1 4 FL*

URHADD 1 4 FL*

URSHL 2 6 /114 FLB / FL*

URSHR 2 4 /14 FL* / FL*

URSQRTE 1 4 FL*

URSRA 3 NG 4 /114 /114 FL* / FL* / FL*

USHL 1 6 FLB

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

2 6 /114 FLB / FL*

USHR 1 4 FL*

USQADD 1 4 FL*

USRA 2 NG 4 /14 FL* / FL*

USUBL, USUBL2 3 6/6 /024 FLB / FLB / FL*

USUBW, USUBW?2 2 v 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 :f(;); d::(?c'le :;:; Is);:tc Pack E::: Blocking Latency Pipeline # of FP | # of SP | FLOPS
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 V4 4 FL*
AND (vectors, unpredicated) 1 4 FL*
ANDS (predicates) MOVS (predicated) 1 3 PRX
1 3 PRX
ANDV <V>=B 10 4 4 /(W6 /11214) x 3 /1114 /114 / 114 FL* / (FLA / FL*¥) x 3 / FL* / FL* / FL*
<V>=H 9 4 4 /(W6 /11214) x 3 /114 / 114 FL* / (FLA / FL¥) x 3 / FL* / FL*
<V>=S§ 8 4 4 /(W6 /11214) x 3 /1114 FL* / (FLA /FL*¥)x 3 / FL*
<V>=D 128 | 3 4 4 /16 /11214 FL* / FLA / FL*
256 | 5 4 4 /(6 /11214) x 2 FL* / (FLA/FL¥) x 2
512 | 7 v 4 /(6 /11214)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 4 4 4 /14 FLA / FL*
ASRR 1 NG 4 4 FL*
BIC (predicates) 1 3 PRX
BIC (vectors, predicated) 1 N4 V4 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 6 FLA

CLS 1 4 FLA

CLZ 1 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 N 4 FL*
DECP (scalar) 2 3+2+1 /111 PRX+NULL+EXA / EXB
DECP (vector) 1 v 3+5+4 PRX + NULL + FLA
DECW (scalar) 1 1 EX*
DECW (vector) 1 N 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 V4 4 FL*
EOR (vectors, unpredicated) 1 4 FL*
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EORS NOTS 1 3 PRX
1 3 PRX
EORV <V>=B 10 N4 4 /(6 /11214) x 3 /1114 /114 / 114 FL* / (FLA / FL*) x 3 / FL* / FL* / FL*
<V>=H 9 N4 4 /(U6 /1214) x 3 /1114 /114 FL* / (FLA / FL¥)x 3 / FL* / FL*
<V>=§ 8 N4 4 /(6 /11214) x 3 / 114 FL* / (FLA / FL¥)x 3 / FL*
<V>=D 128 | 3 N4 4 /116 /11214 FL* / FLA / FL*
256 | 5 N4 4 /(6 /11214) x 2 FL* / (FLA/FL¥)x 2
512 | 7 N4 4 /(6 /11214)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 V4 9/6/ (129 /16)x6 /11219 FL* / FLA / (FL* / FLA)x 6 / FL* 1
256 | 31 V4 9/6/ (129 /6) x 14 /129 FL* / FLA / (FL* / FLA) x 14 / FL*
512 | 63 V4 9/6/ (129 /16) x 30 /129 FL* / FLA / (FL* / FLA) x 30 / FL*
<V>=§ 128 | 7 V4 9/6/ (129 /e)x2 /11219 FL* /FLA / (FL* / FLA) x 2 / FL*
256 | 15 V4 9/6/ (129 /6)x6 /11219 FL* /FLA / (FL* / FLA) x 6 / FL*
512 | 31 V4 9/6/ (129 /6) x 14 /129 FL* /FLA / (FL* / FLA) x 14 / FL*
<V>=D 128 | 3 V4 9/6 /029 FL* / FLA / FL*
256 | 7 N4 9/6/ (129 /e)x2 /1129 FL* /FLA / (FL* / FLA) x 2 / FL*
512 | 15 N4 9/6/ (129 /16)x6 /11219 FL* /FLA / (FL* / FLA) x 6 / FL*
FADDV <V>=H 128 | 7 N4 4/6/ (129 /6)x2 /11219 FL* /FLA / (FL* / FLA)x 2 / FL* 1
256 | 9 N4 4/6/ (11219 /lU6)x 3 /11219 FL* /FLA / (FL* / FLA) x 3 / FL*
512 | 11 N4 4/6/ (11219 /116) x 4 /1219 FL* /FLA / (FL* / FLA) x 4 / FL*
<V>=§ 128 | 5 N4 4 /6 /b9 /116 /1219 FL* /FLA / FL* / FLA / FL*
256 | 7 N4 4/6/(11219 /lU6)x 2 /11219 FL* /FLA / (FL* / FLA) x 2 / FL*
512 | 9 N4 4/6/(11219 /l6) x 3 /11219 FL* /FLA / (FL* / FLA) x 3 / FL*
<V>=D 128 | 3 N4 4 /6 /129 FL* / FLA / FL*
256 | 5 N4 4 /6 /b9 /116 /1219 FL* /FLA / FL* / FLA / FL*
512 | 7 N4 4/6/(11219 /l6) x 2 /11219 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 6/6/1129 FLA / FLA / FL* 2
FCMLA (vectors) 3 6/6/1129 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 v 4 FLA
predicated)
FCVT 1 v 9 FL*
FCVTZS 1 v 9 FL*
FCVTZU 1 v 9 FL*
FDIV <T>=H 128 | 1 4 N4 E 38 FLA 1
256 | 1 v v E 70 FLA
512 | 1 v v E 134 FLA
<T>=S 128 | 1 4 v E 29 FLA
256 | 1 NG 4 E 52 FLA
512 | 1 NG 4 E 98 FLA
<T>=D 128 | 1 4 N4 E 43 FLA
256 | 1 v v E 80 FLA
512 | 1 v v E 154 FLA
FDIVR <T>=H 128 | 1 4 v E 38 FLA 1
256 | 1 NG 4 E 70 FLA
512 | 1 NG 4 E 134 FLA
<T>=S§ 128 | 1 4 N4 E 29 FLA
256 | 1 v v E 52 FLA
512 | 1 v v E 98 FLA
<T>=D 128 | 1 4 v E 43 FLA
256 | 1 NG 4 E 80 FLA
512 | 1 NG 4 E 154 FLA
FDUP FMOV (immediate, 1 4 FLA
unpredicated)
FEXPA 1 4 FL*
FMAD 1 v v 9 FL* 2
FMAX (immediate) 1 N4 N4 4 FLA
FMAX (vectors) 1 v v 4 FL*
FMAXNM (immediate) 1 N v 4 FLA
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FMAXNM (vectors) 1 v v 4 FL*
FMAXNMV <V>=H 128 | 7 v 4 /(6 /1124) x 3 FL* / (FLA/FL¥) x 3
256 | 9 N4 4 /(6 /124) x 4 FL* / (FLA /FL¥) x4
512 | 11 N4 4 /(6 /1124) x5 FL* / (FLA /FL¥) x5
<V>=§ 128 | 5 N4 4 /(6 /1124) x 2 FL* / (FLA /FL¥)x 2
256 | 7 N4 4 /(6 /11214)x 3 FL* / (FLA/FL¥)x 3
512 | 9 N4 4 /(6 /11214) x 4 FL* / (FLA/FL¥) x4
<V>=D 128 | 3 N4 4 /116 /11214 FL* / FLA / FL*
256 | 5 N4 4 /(6 /11214) x 2 FL* / (FLA/FL¥)x 2
512 | 7 N4 4 /(6 /11214)x 3 FL* / (FLA/FL¥)x 3
FMAXV <V>=H 128 | 7 N4 4 /(6 /11214)x 3 FL* / (FLA /FL*)x 3
256 | 9 N4 4 /(6 /11214) x 4 FL* / (FLA/FL¥) x4
512 | 11 v 4 /(6 /11214) x5 FL* / (FLA/FL¥) x5
<V>=§ 128 | 5 N4 4 /(6 /11214) x 2 FL* / (FLA /FL*)x 2
256 | 7 v 4 /(6 /11214)x 3 FL* / (FLA/FL¥)x 3
512 | 9 v 4 /(6 /11214) x 4 FL* / (FLA /FL¥) x4
<V>=D 128 | 3 v 4 /116 /11214 FL* / FLA / FL*
256 | 5 V4 4 /(6 /1124) x 2 FL* / (FLA /FL¥)x 2
512 | 7 V4 4 /(6 /1124)x3 FL* / (FLA/FL¥)x 3
FMIN (immediate) 1 v v 4 FLA
FMIN (vectors) 1 v v 4 FL*
FMINNM (immediate) 1 N4 V4 4 FLA
FMINNM (vectors) 1 N4 V4 4 FL*
FMINNMV <V>=H 128 | 7 N4 4 /(6 /11214)x 3 FL* / (FLA /FL*)x 3
256 | 9 N4 4 /(6 /11214) x 4 FL* / (FLA /FL¥) x4
512 | 11 N4 4 /(U6 /11214) x5 FL* / (FLA/FL¥) x5
<V>=§ 128 | 5 v 4 /(6 /11214) x 2 FL* / (FLA /FL*)x 2
256 | 7 v 4 /(6 /11214)x 3 FL* / (FLA/FL¥)x 3
512 | 9 v 4 /(6 /11214) x 4 FL* / (FLA /FL¥) x4
<V>=D 128 | 3 V4 4 /16 /1214 FL* / FLA / FL*
256 | 5 V4 4 /(6 /1124) x 2 FL* / (FLA /FL¥)x 2
512 | 7 V4 4 /(6 /1124) x 3 FL* / (FLA/FL¥)x 3
FMINV <V>=H 128 | 7 V4 4 /(6 /1124) x 3 FL* / (FLA/FL¥) x 3
256 | 9 V4 4 /(6 /124) x 4 FL* / (FLA /FL¥) x4
512 | 11 V4 4 /(6 /1124) x5 FL* / (FLA/FL¥) x5
<V>=§ 128 | 5 V4 4 /(6 /1124) x 2 FL* / (FLA /FL¥)x 2
256 | 7 V4 4 /(6 /1124) x 3 FL* / (FLA/FL¥)x 3
512 | 9 V4 4 /(6 /124) x 4 FL* / (FLA /FL¥) x4
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Instruction Alias Control option VL ::(;); d::;‘('le :;:; l:;lsltc Pack E:;l;)a Blocking Latency Pipeline # of FP | # of SP | FLOPS
<V>=D 128 | 3 v 4 /16 /1214 FL* / FLA / FL*
256 | 5 V4 4 /(6 /1124) x 2 FL* / (FLA /FL¥)x 2
512 | 7 V4 4 /(M6 /1124) x 3 FL* / (FLA/FL¥)x 3
FMLA 1 v N4 9 FL* 2
FMLA (indexed) 2 6 /119 FLA / FLB 2
FMLS 1 4 N4 9 FL* 2
FMLS (indexed) 2 6 /119 FLA / FLB 2
FMSB 1 N4 9 FL* 2
FMUL (immediate) 1 9 FLA 1
FMUL (indexed) 2 6 /119 FLA / FLB 1
FMUL (vectors, predicated) 1 v 9 FL* 1
FMUL (vectors, unpredicated) 1 9 FL* 1
FMULX 1 v 9 FL* 1
FNEG 1 4 4 FL*
FNMAD 1 4 N4 9 FL* 2
FNMLA 1 4 v 9 FL* 2
FNMLS 1 v N4 9 FL* 2
FNMSB 1 v N4 9 FL* 2
FRECPE 1 4 FL*
FRECPS 1 9 FLA 1
FRECPX 1 4 4 FL*
FRINTA 1 4 9 FL*
FRINTI 1 v 9 FL*
FRINTM 1 v 9 FL*
FRINTN 1 N4 9 FL*
FRINTP 1 4 9 FL*
FRINTX 1 4 9 FL*
FRINTZ 1 4 9 FL*
FRSQRTE 1 4 FL*
FRSQRTS 1 9 FLA 1
FSCALE 1 4 9 FL* 1
FSQRT <T>=H 128 | 1 4 E 38 FLA 1
256 | 1 4 E 70 FLA
512 | 1 4 E 134 FLA
<T>=S§ 128 | 1 V4 E 29 FLA
256 | 1 V4 E 52 FLA
512 | 1 4 E 98 FLA
<T>=D 128 | 1 4 E 43 FLA
256 | 1 4 E 80 FLA
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n s q #of | Seq. Pre- | Post- Extra . S
Instruction Alias Control option VL 1@ | feenie | g | e Pack HOP Blocking Latency Pipeline # of FP | # of SP | FLOPS
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 /101 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+119 EXA+NULL+FLA / EXA+NULL+FLA
<T> = {S|D} 1 1+3+9 EXA + NULL + FLA
INDEX (immediates) <T>={B|H} 2 4 /119 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 /11219 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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Instruction Alias Control option VL ::(;); d::;‘('le :;:; l:;lsltc Pack E:(;a Blocking Latency Pipeline # of FP | # of SP | FLOPS
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-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
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
LD1IRW 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-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
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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Instruction Alias Control option VL ::(;); d::;‘c'le :;:; E;Ztc Pack E:;l;)a Blocking Latency Pipeline # of FP | # of SP | FLOPS

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/ /2((Pipe(11,4)) x 2 EAG* / (Pipe(EAGA, 4) | Pipe(EAGB, 4)) x 2 8

LD2B (scalar plus scalar) 3 1/ /2((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 1/072(11)x2 EAG* / (EAG*) x 2 2

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

LD2H (scalar plus scalar) 3 1/ /2((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 1/1/2(11)x2 EAG* / (EAG*) x 2 2

LD3B (scalar plus immediate) 4 1/ 1172/3]((Pipe(11, 4)) x 3 EAG* / (Pipe(EAGA, 4) | Pipe(EAGB, 4)) x 3 12

LD3B (scalar plus scalar) 4 1/ 11/72/3]((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 1/1/253(11) x 3 EAG* / (EAG*) x 3 3

LD3H (scalar plus immediate) 4 1/ 1172/3]((Pipe(11, 4)) x 3 EAG* / (Pipe(EAGA, 4) | Pipe(EAGB, 4)) x 3 12

LD3H (scalar plus scalar) 4 1/ 11/72/3]((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 1/17283(11) x 3 EAG* / (EAG*) x 3 3

LD4B (scalar plus immediate) 5 1/ /23/4((Pipe(11, 4)) x 4 EAG* / (Pipe(EAGA, 4) | Pipe(EAGB, 4)) x 4 16

LD4B (scalar plus scalar) 5 1/ W/23/4((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/ 1723/4(11) x 4 EAG* / (EAG*) x 4 4

LD4H (scalar plus immediate) 5 1/ /23/4((Pipe(11, 4)) x 4 EAG* / (Pipe(EAGA, 4) | Pipe(EAGB, 4)) x 4 16

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

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

LD4W (scalar plus scalar) 5 1/ 172/34(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

A64FX Microarchitecture Manual 1.5 137
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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-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
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+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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Instruction Alias Control option VL ::(;); d::;‘('le :;:; l:;lsltc Pack E:;l;)a Blocking Latency Pipeline # of FP | # of SP | FLOPS
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 v 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 v v 4 FL*
MAD 1 v N4 9 FL*
MLA 1 v N4 9 FL*
MLS 1 v N4 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 v 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 N 4 FLA
ORR (predicates) MOV (predicate, 1 3 PRX
unpredicated)
1 3 PRX
ORR (vectors, predicated) 1 v v 4 FL*
ORR (vectors, unpredicated) MOV (vector, 1 4 FL*
unpredicated)
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1 4 FL*
ORRS MOVS (unpredicated) 1 3 PRX
1 3 PRX
ORV <V>=B 10 N4 4 /(W6 /11214) x 3 /114 /114 /1114 FL* / (FLA / FL*) x 3 / FL* / FL* / FL*
<V>=H 9 v 4 /(e /1124) x 3 /14 /114 FL* / (FLA / FL*)x 3 / FL* / FL*
<V>=S§ 8 4 4 /(6 /11214) x 3 / 1114 FL* / (FLA / FL*¥)x 3 / FL*
<V>=D 128 | 3 4 4 /16 /11214 FL* / FLA / FL*
256 | 5 4 4 /(6 /11214) x 2 FL* / (FLA /FL¥) x 2
512 | 7 v 4 /(W6 /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 4 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 4 4 FL*

REVH 1 4 4 FL*

REVW 1 v 4 FL*

SABD 1 4 v 4 FL*

SADDV <T>=B 11 V4 4 /114 /(024 J16) x 3 /124 /114 /114 FL* / FL* / (FL* / FLA) x 3 / FL* / FL* / FL*
<T>=H 10 N4 4 /114 /(124 /1U6) x 3 / (1214 / 114 FL* / FL* / (FL* / FLA) x 3 / FL* / FL*
<T>=S§ 128 | 5 N4 4 /114 /11214 /116 /(1214 FL* / FL* / FL* / FLA / FL*

256 | 7 N4 4 /114 /(0214 /1U6) x 2 / (1214 FL* / FL* / (FL* / FLA) x 2 / FL*
512 | 9 V4 4 /114 /(024 /16) x 3 / (1204 FL* / FL* / (FL* / FLA) x 3 / FL*
SCVTF 1 v 9 FL*
SDIV <T>=S§ 128 | 1 V4 v E 33 FLA
256 | 1 4 N4 E 60 FLA
512 | 1 4 N4 E 114 FLA
<T>=D 128 | 1 4 N4 E 49 FLA
256 | 1 V4 V4 E 92 FLA
512 | 1 V4 V4 E 178 FLA
SDIVR <T>=S§ 128 | 1 V4 v E 33 FLA
256 | 1 4 N4 E 60 FLA
512 | 1 4 N4 E 114 FLA
<T>=D 128 | 1 4 N4 E 49 FLA
256 | 1 V4 v E 92 FLA
512 | 1 V4 V4 E 178 FLA

SDOT (indexed) 2 6 /119 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 N 4 FLA
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SMAX (vectors) 1 v v 4 FL*

SMAXV <V>=B 10 4 4 /(6 /11214) x 3 /1114 /114 / 114 FL* / (FLA / FL*¥) x 3 / FL* / FL* / FL*
<V>=H 9 v 4 /(W6 /124)x3 /W4 /(14 FL* / (FLA / FL*) x 3 / FL* / FL*
<V>=S§ 8 v 4 /(W6 /1124)x 3 /114 FL* / (FLA /FL*)x 3 / FL*
<V>=D 128 | 3 v 4 /16 /11214 FL* / FLA / FL*

256 | 5 4 4 /(6 /11214) x 2 FL* / (FLA /FL¥) x 2
512 | 7 4 4 /(6 /1124)x 3 FL* / (FLA/FL¥) x 3

SMIN (immediate) 1 4 FLA

SMIN (vectors) 1 v 4 FL*

SMINV <V>=B 10 N4 4 /(6 /11214) x 3 /1114 /114 / 114 FL* / (FLA / FL*) x 3 / FL* / FL* / FL*
<V>=H 9 N 4 /(6 /1124) x 3 /14 /114 FL* / (FLA / FL¥)x 3 / FL* / FL*
<V>=S§ 8 4 4 /(W6 /11214) x 3 / 1114 FL* / (FLA /FL*¥)x 3 / FL*
<V>=D 128 | 3 4 4 /16 /11214 FL* / FLA / FL*

256 | 5 4 4 /(6 /11214) x 2 FL* / (FLA/FL¥) x 2
512 | 7 v 4 /(W6 /1124)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+41 (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+001 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 N 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+42+1 /1+111 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::‘?c'le :;:; E;fltc Pack E:g)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-Dbit scaled offset, 8 (1+3+4+Pipe(NA, 2) / 1+3+NA) x 4 (EXA + NULL + FLA + Pipe((EAGA & EAGB), 2) / EXA + NULL + 16 16
32-bit unscaled offset FLA) x 4
4 (1+3+4+Pipe(NA, 2) / 1+3+NA) x 2 (EXA + NULL + FLA + Pipe((EAGA & EAGB), 2) / EXA + NULL + 8 8
FLA)x 2
ST1H (vector plus immediate) 32-bit element 8 (4+Pipe(NA, 2) /NA) 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-Dbit 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
ST1W (vector plus immediate) 32-bit element 8 (4+Pipe(NA, 2) /NA) x 4 (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 / 1/21(Pipe(NA, 4), Pipe(NA, 4)) x 2 EAG* / ((Pipe(EAGA, 4) | Pipe(EAGB, 4)), Pipe(FLA, 4) ) x 2 8 8
ST2B (scalar plus scalar) 3 1 / 1721 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/ 11/21(NANA) x 2 EAG* / (EAG* FLA) x 2 2 2
ST2H (scalar plus immediate) 3 1 / 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 / 1721 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 / 11/2/3](Pipe(NA, 4), Pipe(NA, 4)) x 3 EAG* / ( (Pipe(EAGA, 4) | Pipe(EAGB, 4)), Pipe(FLA, 4) ) x 3 12 12
ST3B (scalar plus scalar) 4 1 / 17273]( 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 NANA / NANA / NANA (EAG* FLA)x 3 3 3
ST3D (scalar plus scalar) 4 1 /1723 (NANA) x 3 EAG* / (EAG* FLA)x 3 3 3
ST3H (scalar plus immediate) 4 1 / 17273](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 / 17273](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::;‘('le :;:; l:;lsltc Pack E:;l;)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 / 11/2/3/41(Pipe(NA, 4), Pipe(NA, 4)) x 4 EAG* / ( (Pipe(EAGA, 4) | Pipe(EAGB, 4)), Pipe(FLA, 4) ) x 4 16 16
ST4B (scalar plus scalar) 5 1 / 11/2/3/41( 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 / NANNA / 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 / 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 / /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
ST4W (scalar plus immediate) 4 NANA / NANA / NANNA / NANA EAG*, FLA / EAG*, FLA / EAG*, FLA / EAG*, FLA 4 4
ST4W (scalar plus scalar) 5 1/ 11/2/3/4(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 N4 4 FL*

UADDV <T>=B 11 4 /114 /(1214 /116) x 3 /11214 / 1114 / 114 FL* / FL* / (FL* / FLA) x 3 / FL* / FL* / FL*

<T>=H 10 4 /M4 /(124 /16) x 3 /1214 / 114 FL* / FL* / (FL* / FLA) x 3 / FL* / FL*
<T>={S|D} 128 | 5 4 /4 /0124 /106 [ 11214 FL* / FL* / FL* / FLA / FL*
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Instruction Alias Control option VL ::(;); d::;‘('le :;:; l:;lsltc Pack E:(;a Blocking Latency Pipeline # of FP | # of SP | FLOPS

256 | 7 4 4 /114 /(024 /6) x 2 / (1204 FL* / FL* / (FL* / FLA) x 2 / FL*

512 | 9 4 4 /114 /(024 /16) x 3 / (1204 FL* / FL* / (FL* / FLA) x 3 / FL*
UCVTF 1 4 9 FL*
UDIV <T>=S§ 128 | 1 4 N4 E 33 FLA
256 | 1 4 N4 E 60 FLA
512 | 1 V4 v E 114 FLA
<T>=D 128 | 1 4 4 E 49 FLA
256 | 1 V4 v E 92 FLA
512 | 1 4 N4 E 178 FLA
UDIVR <T>=S§ 128 | 1 4 N4 E 33 FLA
256 | 1 4 N4 E 60 FLA
512 | 1 V4 4 E 114 FLA
<T>=D 128 | 1 4 4 E 49 FLA
256 | 1 V4 v E 92 FLA
512 | 1 4 N4 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 4 4 /(6 /124) x 3 /1114 /114 / 114 FL* / (FLA / FL¥) x 3 / FL* / FL* / FL*
<V>=H 9 4 4 /(6 /124) x 3 /114 / 114 FL* / (FLA / FL¥) x 3 / FL* / FL*
<V>=§ 8 4 4 /(6 /124) x 3 /114 FL* / (FLA / FL¥) x 3 / FL*
<V>=D 128 | 3 4 4 /6 /1214 FL* / FLA / FL*

256 | 5 N4 4 /(N6 /1124) x 2 FL* / (FLA /FL¥)x 2
512 | 7 N4 4 /(6 /1124) x 3 FL* / (FLA/FL¥)x 3

UMIN (immediate) 1 4 FLA

UMIN (vectors) 1 v 4 FL*

UMINV <V>=B 10 N4 4 /(6 /11214) x 3 /1114 /114 / 1114 FL* / (FLA / FL*) x 3 / FL* / FL* / FL*
<V>=H 9 N4 4 /(U6 /1214) x 3 /1114 /114 FL* / (FLA / FL¥)x 3 / FL* / FL*
<V>=§ 8 v 4 /(6 /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 /(6 /11214) x 2 FL* / (FLA/FL¥)x 2
512 | 7 4 4 /(6 /1124) 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 1@ | feenie | g | e Pack HOP 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+11 PRX + NULL + EXA / EXB + EXB
UQDECP (vector) 1 N 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+0101 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 v 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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