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2 $F—FR#E (2008-2013)

Arm RSS20 —BORE, &% Calexda JF4h, HEH TR . BAREK
W5 2011 E S Armv8 288y, mlit 32bit RS B M &S . (H2 5 — K IR
AR, FHAULE 32bit, 64bit A& H, & —4-id Microserver, ik
% Ao WA IS, AR x86 FREMILFARE. HA L, M@ L, #
AEER = 5, R b, AR

EANBRA— DS IRF & TR RBEH RS T 7, MX T iHER &
5 131 0
2.1 2% 2008

2008 4, Arm WHEIFFIEERIRIR S 2510 R QAT Arm 585 7 —X
104 Smooth Stone, J&kii# N Calxeda ) startup A& . M4 HIZE—4#
B R $48M
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Calxeda #1—JF4a H brwlh /2 B AR EHE 0 AR RE, I H 32 e AH [F] =2 18] 1 1F 55 75
B WICERXAA HAR, ez, FA AR I

M—4Ei it Cortex-A8 B/ ih, MMiZkT 28 £ Ceortex-A9 /=i
R 3FJGA BT CGFREIA 2, 3 B4 RAT— 3K dh g A .

HEEF Intel (¥ Xeon &2 4 A%, MR EHMCE 3.xGhz T, i AMD 1) 45nm
Opteron CPU NI F 7.
HE—4 IBM WIRIE A1 Power 7= ik, T H F Rt e LA ik i ik 64 M.

SR KA T iPhone 3G, 2 iPhone2. O, IREFIAZ 3G KL, )

TSMC 1 ER T2 42 40nm, FIliA$10B.

WILE—FKWY EZchip B2 = it NP3, 4t NP A& Neural Processor ffi&
Network Processor. g — A MZEALH 28 K ERBAL, FHAEiE —KHE 4
T, AMEBEAGE KT . AR — T, HREEKNE S & TM-Traffic
Manager i AR AL FR A5y, X 2K 100 2 NFRLESI AR CFEE IR
KZIS60M) H R F . ILAAE RS T 307, BHFER, HeE—DAH—
FIEE I, USCSE S AR A

2.1.1 Calxeda 2011

2010 £ Smooth Stone Itk %44 Calxeda, a2 7 Austin,

2011 £ Calxeda & A e 1t F &F A9 (1t i EnergyCore ECX-1000.
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EnergyCore™ architecture at a glance

A complete building block for hyper-efficient computing

Calxeda EnergyCore™ SOC
EnergyCore™ _ 1N Processor Complex . Processor Complex
Management Engine Ebarsire — Multi-cor m: bR
2 integrated th dwidth
Advanced system, power and fabric Management = 3 e merm‘w b ok ? i

management for energy-
proportional computing

Engine ARM

L2 Cache
Mep
Contrafiers

EnergyCore™
g Fabric Switch

xnu-gm ed hi g'\ performnnu- fabric

orox £ intgy F, ,_,,.>_ ,,vnth

1/O Controllers

SATA V2, Ethernet Gen 2, PCI-E x8 ' 5 EnergyCore
Sgandard drivers, star'rdard : »( e Fabric Switch
interfaces. No surprises. G i

K 2. 1CalexdaEnergyCore %24

KSR —/MESAE M — KT, 4% cortex-a9 A AL B AR, LhA
MrHE, 1/0 controllers #i7; 2% M CERMBEO AR, — AN
A% 0o 5 RES - i BN A — ) - H2EH 5% (management engine)
Az 5] % (Fabric Switch) #8570 ml 2 B AR 5 G 2 %

EnergyCore Fabric & —41~& 1) L2 switch X £f mesh, butterfly
tree, 2D Torus #h4b, mE#um 2 (A4 %6 7T LA 1 Gb/sec, 2.5Gb/sec, 5
Gb/sec, 1‘? 10 Gb/sec MIAFERAME /B, HidE, REHTATLLACH E/K
M, i@ on top switch, [t Calexda f—HubRd B 4 AN, ik
& 16 Mzl . BIEA AW LAmis 480 MEHIIRS &% R4t

XA R & A, ﬁﬂ%%&ﬁ*ﬁ%%ﬁﬁ%ﬁﬁzﬁﬂﬁﬂﬁﬂ%ﬁﬁ}# HRRE
IR SR 2 B Bt i E, s BT, R nmA. X4 fabric W LURE
1024 4> R Gi0, Wald 4096 A F 106G W&z, RN RS .

EnergyCore ManagementEngine /2 —ME % BMC, #FIMP2.0 #1DCMI,
B CFFR IR SoL Wik, BH G B E IR MITE T FEEH, Calexda XK
JIR 55 s 85 P A DO FE R LA 4w B Tw Bh 25 1%
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AN R A R 22 $28.

2.2 4 K Calexda &4tk

20171 4, A Arm W& T8 . AR POV 1) 2B AE BB B LSI Axxia
AXM5500 16-core ARMCortex-A15, Freescale f#J QorlQ Layerscape %
51, TI #) KeyStone, A RN hixxxx &%, HIEZE— Arm 7EM LT
KEBERKPIAC HRZR, —FjE, WRELUNPZR, —MFBREYESR
MENE R BIRE L, WM NIRS &M, MR 2IHAE, 2O02Em
BANRESBT I EESEKR.

2.2 Computex 2012
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2012 4, lan Ferguson £ &1t Computex EIAFFEBE, K22 Arm F—
IR AR 2R 55 465 77 T 35 70 o At — kst 5 12 Ubuntu (1) Mark CER{F4
SN KU, A EEEPAEL I, RGBT U AT
i) . M5l T Facebook ] Frank #if¥) performance per watt per dollar
IRARIERII

2| Arm k%525, lan Ferguson Wi k4 (MR 17— a0 Ty TAF R Ak
KH—H)1E,  “UREHTH report news, i/ make news? 7, HIERMIEE
FUNMAAE—RE U, KRk, AT —EFHFNE. ) WhERS RS, A Arm
HHEEERS /RN IHME KK, B AH TR AU EE
RN, BEEMR L, HREESHL.

X, EIFAE SR, WRIRAHORARE, —VHEAEER.

2.3 Marvell Armada XP 2013

B — I RS 2R 4, Marvell Armada XP VUt &%), W2Z330. mHa
XHEK core, A& A9, tEAZ A15, & Marvell ) custom Core.

2 EY Armada, BACH AR EAL, (A1 AR TR 2
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Marvell Marvell

ARM v7 ARM v7
CPU Core CPU Core
32K-1, 32K-D 32K-1, 32K-D

Coherency Fabric

MV78260

Backplana

Supports up to 8 modules and line cards

Kl 2.3 MarvellArmada XP

KRN R R, TIFERR) SoC dEWiE AN . Dell itk AG, BT
“Copper”ftjarm k548 54t. AEWME MM AL, X2& Arm k5528 7E B
A — AN E

2.4 Calxeda i) 2013

R Calxeda HEZ LM =& 5t, MWLM N AIHIR, A3 A15 KB
B EE, 2 5 Armv8 By A AETHRI . HEER A, 55 TAE A K
Ih. Calxeda M 2008 ik, #2013, &#%%$103M ($48m in 2010 &
$55min 2012 > , —3t 130 & T..

RS ul, BoA Arm R &S &S H P, “the industry will be
transformed forever”. M\IEE, ZH.
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Calxeda Roadmap

A

“Enterprise Server Era”

| Navarro
Target
Market “Hyperscale Fleet Era”
Size Ratamosa
(ARM V3)
Lago —
(ARM V8) I
Midway .
ECX-1000 | l “Early Adopter Era
(CortexA9) | .
38 2/18/13

Kl 2.4 Calxeda &%#tr

Insight 64 {17347 TE, flf14E 32bit Arm k4548 EAE 7 KZ k. =, 2011
% Arm B4 T 64bit 5 Armv8, Applied Micro 245 7 X-gene fit&l, H
SEEE T H Armv8 B IR SAR IR & R T

M Calxeda W18/, FrEEH —FHLE R,

3 ST Armv8.0 (2011-2018)

ARG G SF LR AL Z WA 7, WEBILESH MR XE, HAE
Arm IR 55 480 RS S, AR A XA A m S, RS2 F A R
o HSL— A7 S Wi e, — A = BSO8R DR S AR K

B B = A kB R 2 H B O (custom core), TR PERE, ARdEcih. £
Arm JRE#IVIGE S AR, SHEITAF KA SN ARSI, w5 H R
% 2% CPU S AR, S EZH T HOK . RICESE APM ) X-gene,
Cavium () ThunderX 5 ) Centriq 2400 F. [R5 40 i f i Hee it
R — AR, AMNEBIAN, BHOIRA
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Pfi 74 excel E£#%, S5 ML A kS 4 SoC, MIE AR ME, bt
S5HWMNTI R AL TSR .

B BONERX B Bz 724 mHR T2, ISASie—
HAW, RABRIFU, FASWE. £ AMUFRA = 1R 8 BL 5 5] — A,
“RiHe . M CPU, i ISA, SR, HSEWAE - AZEEKN RIS . X
SR, WAWERS TR, O WEE, 500 AT 2w S Ak A
PR 77 i e B, BRI, IR K G2, RIEEXEHE) , 4
RA? WARUR —RWEA D), HERFEMITA> 02, #HERMAE,
FE TP RCHE AN S50 7 T, A TR S

74k, Hock Tang —mE 4t —F, X AW EBME Arm 5548 1)K Je i i f 3L
HRNV A= JE S 30, — % T double kill SR 5 N . 564 Broadcom,

FERRSG SO ATH, RERBWE Qualcomm, EEMEHRZANT SR, £
HAERETHIR 1B MR8, FtaR 7B A KR ETE, E/F R i 1R & o
HBLXAEME T .

3.1 AppliedMicro - X-gene (2011)

2011 410 A, £ Arm % — R E4i ARMv8 2/ [AIt, Applied Micro A5
TEATH B e x-gene TR CRMT IR HR 2 FIOCBE2 1 — i R A .

WMRRAEIA AL H H, Ko ED SoC XS, LRI, SoC XA
SARMBRET . WABHE, EREFEMRM SoC % T chip + chipset FIEMKK
e

X-gene 55— 8 MEWF#Z O -Storm, PiM %L 256KB () L2 cache,
XER Arm 1 4 M4 cluster AF. T &= AMD 85 Seattle 11
Opteron A1100 processor, %A H 4 4~ Cortex-A57 [¥]—4> cluster, M
A cluster i i, T 2 4~ A57, 44 cluster i1 it. AMD # A1100 f7
A A57, L= 1MB [ L2 cache, b X-gene k4 f%. {Hj& X-gene K H W%
Storm ;& 4 issue [¥], AS57 35R7E 3 issue )RR EL B ET 2 A L
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Architecture ARMvVS

Cores From 2 to up to 128
Frequency Up to 3GHz
Process TSMC 40/28nm
Power Usage Up to 2W per core

3.1 APM [#) X-Gene spec

X-Gene: Product Roadmap

X-Gene 1 X-Gene 2 X-Gene 3

40nm 28nm 16nm FINFET

X-Gene3
" Skylark y:

X-Gene 2
Shadowecat

/ Large core

_ count, 3GHz
* 2nd gen RoCE
* 2015

= 8-16 Core, 2.4-
2.8GHz

= 4 channels memory
= Low latency RoCE,

* 8 Core, 2.4GHz for cloud and HPC
= 4 channels memory workloads
= 2x 10G NIC

3.2 APM 1 X-Gene 7= i B b5

Xl S F i DL B B i
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X-gene N 8 M, BT 4 4 memory iBiE, XMEAE x86 e H/b WL
CPU: memory b, miH&E®K T 24 10G NIC, 2k RoCE, % SoC Ik
#,

Applied Micro &5 #RA HIRERES L, WAMIRES, —/MZ 2 T, idle Ik
A, A 0.5w.

DDR3 | | DDR3 L
Ctrl Ctrl SLIMpro 4x UART

Pwr Mgmt

Reset
Gonfiguration | || 2xSDI03.0 | | DAPJTAG
ITAG GPIO S0C JTAG

8MB L3 Cache

256KB L2 Cache

¢ t 7'y 7Y
Central Switch (CSW) Coherent Network (Snoop Controller, Datapath) |
T rionsw LowLatency Conerent Domain _/
v A 4 A 4
Bridge
/O Bridge | A

i § 1§ !

Non Blocking QOS aware I/0 Fabric J

A A A A A
) 4 h 2 v v v
PCIE 3.0 2x 2x ax
use SATA SATA
X x8/x4 x4 x1 xBix4 x4 2.0 3.0 3.0
PCiE || pciet || PciEz || Pcies || PCiE4 Host (x1) (x1)
4 m* BW m:edn*s 4
v v v y S
T R | h S “‘ W g o.*.' 7\ 0:{!7 1P, v v v
\ _seroes / \ _seRoEs \_seroes / |\ seroes / \SSpRDER ) \SSEADES b Mux i 4 o
At I i ¢ / | SERDES
J 1 PCIE2 usso \_seroes / 1 k. J
sEECED, X XBECRY fiant s S XF10/1 or SGMII4/5
SGMIB/T

or or
x4 PCIEO x4 PCIE3
ans a SATA0/1 or SGMII0/1
x4 PCIE1 x4 PCIE4 SATA2/3 or SGMII2/3

Kl 3.2 X-Gene [HEZEK

T X-Gene it EI R BIEKIE 42 MSLIM , X2 4 4~ A5 ZH B/ ab 3 28
cluster, #AMLINHETIRE. WA FIE DK AR A Z S EHX AR, WA
18 B o i} W i bt PN .

MBcTH B, A 2wt iR o B, 20wt R TR TR R,
AR 2 ke, TR F BT REAF 2 A E .
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K 3.3 X-Gene die

CPU

Core 1

¥ R

K 3.4 X-Gene CPU #Ht
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KAEEA die MEE, NEHEOEBELMGEE. BNM0HEEHEKE, F 2 4
core, HEH L2, £ 40nm K L2 F, 14.8 mm2, 84M transistors. ME#HIiX
A~ RS, ® O i+ BN die P 300 mm?2

Anandtech W &ARAETEL, WA AP S B0 8 B2 v R B,

PERE, BEALLLARA WA E . E 2 HPE ) moonshot %#%t, HPE M
J7 A sz X-gene YRS, ROA X-gene &% — K& 77 1) Arm 64bit Jik
FAOG R, VIAREARAKEEATT, #EHEERNIRSAR.

A Applied Micro-APM 1l %, &k AMCC. AMCC HI\E &R
Z g CPU A ZRIBAZ —, At PowerPC 1. B 2% EAXKIF,
il 7 Arm EHTG. RARyZ2ZM CPU BitHBN, fifiT— EFmiit 1
s e ME T SRR AL, A R 4L . 33297\777 R I A=tk N TEANE
PRAM L, FRuEGAERZE XN T, BINEERZNT. KEAFH, HHFH, RET,
Tjﬁ ’ ’fT ’ ’fT ’ /T/J\ 7~El:“f % ﬂ %

X-gene2 Kk & X-genel [ 28nm ff) tick 528, 0.

3.1.1 eMAG-X-Gene3 2018

WMBIFA, ANFEIZEXE Ampere EH i1 eMAG, 1A% R ER,

R =PRI k. R ORI BLIR T X-Gene 3 R, &R R
e,
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Kl 3.5 Ampere eMAG

Ampere: Optimized for the Cloud

High Performance Custom Cores
> 32 Armv8 64-bit cores up to 3.3GHz with Turbo - Armv8 Architectural Licensee
> Arm SBSA/SBBR standards compliant

Leading Memory Capacity and Bandwidth

> 8x DDR4-2667 memory channels
> 33% higher capacity and bandwidth than competitors

//A‘m pre re Connectivity and Enterprise class RAS

1 L > Large number of high bandwidth 10 - 42 lanes of PCIE Gen 3
Tl RS Optimized for data centers

> End-End enterprise server class RAS
Pf’O‘d u Ct : > Over 40% higher Perf/Watt than Intel Xeon Silver
> 90% higher Perf/$ versus Intel Xeon Gold

Mature Third Generation Technology
> Mature 16 FF+ TSMC process node
> Over 25,000 devices shipped in two prior generations in enterprise and data center

—

Leading OEM Partnerships and Tier 1 Customer Engagement<

> Partnered with leading OEM with worldwide presence fu.i; @'—_ﬁd@@ﬁﬁéﬁf;’/_ 7i—'.
> Multiple Tier 1 customer engagements in progress
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Kl 3.6 Ampere ;=

32 % List price 5 $850, —MHHXFARH A TEF IIRIMHE o HERL BB R RAR 2
B, AT

32 Arm v8 cores up to 3.3 GHz with Turbo 8 x DDR4-2667
L1l Ll I
Arm v8 Arm v8 mv
CPU CPU
L1D L1D 72b 72b 72b 72b
DDR4 DDR4 DDR4 DDR4
i R Ecc ECC B Ecc ECC

T Secure Boot and
3.0 Management Processors
)w -S terfaces.
& 1 wﬁdf—" u/ R

42 Lanes of PCle 3.0

3.6 Ampere eMag HEZK
3.2 AMD’s A1100 (2012)

£ Armv8 BRI — 2 J5, Arm k&4 T A57 #1 A53 ik cortex-A5x &%
=i, R E PR, —DNEBEN SRR S Arm —ENEEY,
AMD.

XA AS 4 Seattle, J& T Opteron %, J&ih i IE =77 dh 4 7 2
A1100 FIEs F, BUELE AMD 207 5 58 F4RAS B 7= 5 .
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AMD HIAE 1B ), RN A2 Arm 55 ds, Ea R F Y E
¥ x86 5 Arm (7= ik, HEIY 7 ARESNHIMEE, HEH 7 AAE AT
K12 (2015) .

WER AT LA 2012 4F, A—A4%1, AeZu&, “microserver” , T4
%, AMD NISE T SeaMicro, —/~Hil%¢% Freedom Fabric T &% &, &
IR RAER AW . X/~ Fabric, @& % FE(very-high-density), fKZh#E, Wr
ERH AN ? Calexda WS #0M . NEZE 10U MRS, JLF 768 4~ CPU, &
5 7 VU GE ZZ LA — AN & #7245 (a loadbalancer).

-
-

K 3.7 Calexda 10U &%

X ARG T, B BUERIIFER Arm 4PEEE, SBEEZ TE? Bk
% Arm [triERx Cortex-A57, FifaJFAIFIE], “HEIFA T, WRNHE K E
MG, AAESHEEZN.

Cortex-A57 B RIHHAE L, RMAEXEDZ Y| 7. ;—FFHK, AMD i
7 2 core 4 cluster FIBCE, MAZFHL AP % WA 4 core 2 cluster. 4fatk
2 , H &) LN o — T
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XS 1 list price £$150, t2BA R 77,

AMD OPTERON™ A1100 SERIES PROCESSOR

ACCELERATING DATA CENTER INNOVATION

64-bit 64-bit 64-bit 64-bit
Cortex-A57 Cortex-A57 Cortex-A57 Cortex-AS57
Core Core Core Core

64-bit 64-bit 64-bit 64-bit
Cortex-A57 Cortex-A57 Cortex-A57 Cortex-A57
Core Core Core Core

8MB L3
Cortex A5 System Control Processor
Crypto/Compression Coprocessor

DDR-3 /4 Memory Controller

K 3.8

COMPUTE
Up to 8 ARM Cortex®-A57 cores
Up to 4MB shared L2 cache
8MB L3 cache

MEMORY
Dual channel DDR3/4 w/ECC up to 1866 MHz
SODIMM, UDIMM, RDIMM 2DIMMs/channel
Memory capacity 64GB/channel

INTEGRATED 1/0
PCle® Gen3 | 8 lanes (x8, x4, x2 support)
SATA3 (6Gb/s) | 14 ports
10GbE (KR) | 2 ports

10GbE KR
OTHER INTEGRATION
ARM TrustZone® %i@ﬂ
System co-processor (Secure boot)

PCle Gen3

AMD Opteron A1100 HEZ2 K]
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“SEATTLE” FLOORPLAN AMDA

L3 L31(L3 | L3

Fﬁ -

]| L/CORTEXAS?
=— I :
10G bq DDR
6 | AMD “SEATTLE” | HOT CHIPS 26 | 11 AUGUST 2014

3.9 AMD Opteron A1100 Floorplan

FAhE R, AMD X Seattle BIRGHINEE “ PRI . BB S S
JEE . K12 A& 5 3.

AR K12 it His, £ AMD fHEZET, Jufh2 2 Arm, BHHR & x86

. Jim Keller iX 5B AAKAIR K12 BERE K. HZ... .. , XA —FE
AN 1) B 7R

Intel FxTFbEe IR R N A& 14nm “Xeon-D”.

3.3 Cavium ThunderX 2014

HRFEEE E,  Cavium [ 48 #% ThunderX A2 EIEJFJE 5 i Arm iR 45 231K
BRI e BT T — B TRIRSS 250 N P A s A, 0 G U A R
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Cavium oy —Z MG AMD1/10 KA =], AR 2 2 A B8 1 it
REJT, R ZHTZ MIPS W2 3 FH AL 7

HIRRAT 2 issue MEWIZ, FZMERESS. HEEAD SoC Mikit, il
ik, . i HE YR A B AT I AR E L, XS nE S 2 10
EOAEFEE.

1M oY T BEARTIAE, W LA S MR AN 5| %, R A RAFWEE: =it
JRAS, AR, BERRA, 2R,

it

ARHHHHEE
ARHHEEE

2|8 (8|8 3 R|R
§(3|8% 8|7 B|8

HEHEE I

»
&

Low Latency

Up to 32 lanes
Integrated 10

Kl 3.10 Cavium ThunderX HEZ2 &

Anandtech B AR AN RN, BB TX Cavium ThunderX B



Real Time Embedded Operating System https://www.vxworks.net

3.4 BroadcomVulcan ThunderX?2

KRB — . Wi Broadcom Vulcan, Hi& 2016 AL KIER. W
Fi4 Cavium () Thunder X2 /2 2018 £ 177 . SR Ja st iig 28 ik 7 Marvell
) ThunderX2. AkZFESHMKIM ™5, 48, SMlirEaammR—6—.
A, RAAME, AT, AR A2 RS

YAk, JHE RMI 1 Broadcom ) CPU #it#B\, #1 Cavium ) CPU #&it
HIBN, HhaF 2 3LE S, &2 MIPS Ry, &2t & . H2R Cavium 2
s2fif 2 issue /MxAIE, Broadcom KB —IFiG s E KM 2 288 . B 7E M
RIBIRHE Vulcan 2 K 4 2672, BEiS ARM BEE B, %A 2 &R AH
2 .

Broadcom JE2:(f1¥ it H 2z 16nm, die size 600 mm2, 32 ¥, &:4% 4 £
2, THEXWP 24, # Cavium X2 5, die size K.

i BC BT CN9980, 32 #, 2.5Ghz, TDP 200W. 2.2Ghz, 180W ¥
CN9980, ##7E$1795, 1 16 #H CN9960, 1.6 Ghz, 75W &4 $800

e EAsiidg, 8 un] WK design win 2475 HPC 1.
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CCPl v2
(24x 25 Gbps SerDes)

CPU CPU CPU w CPU
Core Core Core = Core
CPU CPU CPU ;‘ CPU
Core Core Core Core
P
CPU CPU CPU a CPU
Core Core Core Core
CPU CPU CPU : CPU
Core Core Core m Core
Memory Controllers Memory Controllers
CPU CPU CPU CPU
Core Core Core Core
CPU CPU CPU CPU
Core Core Core Core
CPU CPU CPU CPU
Core Core Core Core
CPU CPU CPU CPU
Core Core Core Core
SMMUVv3

/O Interconnect

2x USB 2xSATA3 14x PCle Contrls . 56/CG¢Z3y
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Kl 3.11 ThunderX2 HHEZ K

T V A\
Y Mgmtg
Ly &3

DDR4 PHY
DDR4 PHY
AHd vdad
AHd rdad

AHd 7dad
AHd »d@d

> >
T E
a. .o
. ot
&
oo
o 8

K 3.12 ThunderX 2 #i 5
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THUNDER){2 10 Capabilities

x4/x1

= Integrated PCle Gen3:

= 56 PCle Gen3 lanes total
14 PCle controllers
Ports 0-2 RC/EP, port 3 RC
SRIOV support
255 virtual functions
PCle RAS features

= QOther 10s:
= 2 x SATAv3
= 2 x USB3
= GPIOs

iK1 3.13 ThunderX2 10 #M

3.5 Qualcomm 2017

76 2017 4F &l ) i 3 ARS8 “Amberwing” 1148 1% 10nm 1) Centriq
2400 1A — A, mEEA RS 7 EEA R K $130 L.

#EAhiE, X8 Centriq 2400, Jift 4 48, fe#fE $100M %] $125M, JLH 4%
TRUTHEN. I, BEEM T % 24 Kl Centric 1200 fE Al L.
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Centrig 2400 & 18Btransistors, 398mm2, =& 10nm T.Z&, [t
thunderX2 /N2 7. BRERHE P 4B, HEXZESAIRS KRN,
XARAS B 7] 7L o

Kl 3.14 Centrig 2400
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4 uops/cycle 5 uops/cycle | 4 instructions/cycle
Cores / Threads 20C/40T 24C/A8T 46C/46T

Last Level Cache 2.5MB/core 1.35MB/core 1.25MB/core

3.15 Centriq 2400 KIfEEM % L
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SATACTL

Falkor Falkor Falkor Falkor Falkor
Duplex Duplex Duplex Duplex Duplex
Falkor Falkor Falkor Falkor Falkor Falkor
Duplex Duplax Duplex Duplex Duplex Duplex

Folkor Falkor Falkor Falkor Falkor Falkor
Duplex Duplox Duplex Duplex Duplex Duplax
Falkor Falkoc Falkor Falkor Falkor
Duplox Duplex Duplex Duplox Duplex

3.16 Centriq2400 [HEZE

XRE SN AERS R, —BIRXNKE 2 tape out, EHEEAIN Hock
Tang HISERRGHT H I

MAN I FER &, Centriq2400 25 ThunderX2 A —F(,

Centrig 2400 ) CPU # %7 N “Falkor” [JEHMI#. e 2.6Ghz, &EiEK
FORBEIZ. mEARKE, T % =Z&"Saphira” , &R 450y
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“Firetail” . [HEKAR)E 1, =l 7 RSHOCHITH, WhrEER 8
Arm ik 55 a5 FIR A R S

3.6 Samsung (2012-2014)

ot
I
o
=
R
d

F 27 5

Samsung ] Arm 55 0, £ E N FIE RN, B B HRE H AR
Samsung WHCREAE BB, BATHZRNfE, R0, KEKE, KX
FWH AL H

2007 4= Samsung 7F Austin ##:$3.5b # 1./, 2010 32 Samsung Austin
Research Center, JFUGHHE A ikt LRET, R)548 7 46 AMD i VP i
Austin 1 VP. KEFHENE IR 280 F a4 Austin #5700 Rl .

Hsz, Samsung RS #R SoC il (B8 T UM Eim R 0T, (52 M
WA CEO WISZRE, A IFEMEERIG:, —KEE AR M5 E T, 2
BRGSO H I, B2 WM, TR,

3.7 Nvidia Project Denver 2011-2014

Nvidia j&—/NRIEF B AT, WRAERIAF AR 014G A CEO kb
Hnwm o HERX—F, &S LK, BEATE. K42 Nvidia /59472 GPU
NELK AT, EH CPU K EEH, & T i) B H LRI A MOl AL,
XE—NM Tegra H4h, %) Carmel, & Arm CPU 765 22 ThRES F %
o HsL, FROREGZERG AT MK MRIEEE. KON SCHE A 788 RS
a BT, B0 Nvidia K77 g4k, ANHEAS — A 88 B KR ZE T .
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CUDA GPU Tegra ARM CPU

Quad A15 CPUs
32-bit

3-way Superscalar 7-way Superscalar

Up to 2.3GHz pto2

32K+32K L1S k@“ﬁ%fg&*

K 3.18 Eegra K1
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CPU COMPLEX

CARMEL CPU

ARM V8.2 including RAS support
8 NVIDIA Carmel Cores
2 cores + 2ZMB L2 per cluster

Cache Coherent Across CPU Complex

IO Coherent Memory
4MB Exclusive L3 cache

K 3.19 Carmel CPU

3.8 Balkal

T W) 5 — M 28n ity BE-M1000, HSEARMIZEAAERS &K, A e
T AR . XA AR E AR Fujitsu, B EH) O, — RS N EEIHE
Rt ok, MOLEAE, EIEE R — R
A FERE AT ) B R ER AR o H R AR B S, X R =T
FRISE, KZAH, HEXHEEBE 1.

UERIMHOE X g, XS R R A Seam T, i U 2 1 N R %5 A SoC,
Hogthok B THEETSHES . Jaim, RUBIRH, W R ST I 96 %
I E O TS H 1.
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CPU Cluster CPU Cluster CPU Cluster CPU Cluster Mali-T628 GPU System Control
_ [mml m”ml s-«-l Madute
gare il Core L2 Cache 128KB L2 Cache 128KB L3 12¢
Shader | | Shader | | Shader | [ Shader Boot T3 Ghios
L2 Cache 1MB L2 Cache 1MB L2 Cache 1MB L2 Cache 1MB { Core ] Core | | Core | i(c’ﬂ,,‘ Contoler 3 ARt

el L —

Cache Coherent Network

l I

L3 Cache 8MB

DDR3/4 Memory Controller (TZC)e «Tze) Memory Controller DDR3/4
( HW A + > —( 4K Video Decoder D
SWIITAG ¢ + DMA Controller D
e ._'{ CoreSight Subsystem Io—o
PCle x8 PCle Gen3 e > Timers*4 )
PCle x4 ¢~ PHY PCle Gen3 i + eMMC/SD D, $ eMMC/SD/SDIO
PCle x4 PCle Gen3 + » GPIO*32 » GPIO
USB 3.0/2.0 ¥ UART E $ UART
USB 3.0/2.0 o8 UART “ UART
USB 2.0 A SPI ¢ » SPI
USB 2.0 — eSPI < $ eSPI
USB 2.0 12C + $ 12C
USB 2.0 LB 2o l' ’ ¢ » 12¢ + ¥ 12C
SATA SATA 66 9 C SMBus SMBus
SATA SATA 6G + > SMBus + % SMBus
'°°m 10Gb Ethernet g I
106 g ——PHY 10Gb Ethernet e — VDU / HOMI ik Heal i o
RGMII ¢ " 1Gb Ethernet + > “ VDU / LVDS [PHY j—— LVDS
RGMII Y 1Gb Ethernet 128 H——p 128

K] 3.20 Balkal BE-M1000

3.9 Phytium

IS H I ATFEE, KB hotchips 2015, BB, K E LT
FE3R 2019 47 12 A 19 I A4 5.

WARIT.
3.10 HiSilicon 1616

W 1616 ZEEMS 920 FIRT—4C, BRAKR AR —MR. BNEMN LEAENH. &
W EAS AT AT A0 X 5 R

KT, FEBa DA CRIRREE ) X S 3 e R 5 1, b —
A Gl RIS ) WALt . CRHESRIBRIZM AR, SAHAEH,
BRXMBLAO LS HE. THES, HENFFERTUSIF, —2iFEE
AT IR 2%, ZORMAORE R AT L L8, 2 BAE IR .

3.11 Socionext
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Socionext X Hi"SynQuacer™" SC2A11 K#)&ME——i Cortex-A53 ] 24 #%
R TE?

Processing Element

ARM ARM ARM ARM ARM ARM ARM ARM
Cortex-A53 ||| Cortex-AS3 ||| Cortex-AS3 ||| Cortex-AS3 [|| Cortex-A53 ||| Cortex-AS53 ||| Cortex-AS3 [|| Cortex-AS3
#0 #1 #2 - #3 #4 #5 #6 #7

| #8 | #9 | #10 [ #11 | #12 [ #13 | #14 | #15
] #16 ] #17 | #18 | #19 ] #20 | #21 | #22 ] #23
PCle Gen?2 PCle Gen2
4lane GPIO UART 4lane
J el
GbE DDR4 eMMC SPI DDRa v TENL TR

3.21Socionext SC2A11 fE]

RS F, ARCESH, EHE ARG

( R
P )
Z‘éi,olje “rea’m
o ) :
& | o
PEC MB86M30
(oo |
[ Management ] sc: n2
I Ctrl PCle —
1 1 g
( Video stream ]
1 I ] L 2 1 1 = N
m System { Switch Interface ]
Ctrl
Storage .
I/F Switch SoC ]

K 3.22Socionext SC2A11 IR& % A%

RAMZ, ARG AU TR ? AR .

3.12 FEERE
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2012-2014 XL, HKEE KRk . RAERMMEE 7B — 0 246 7R,
B AR A A AL, ODM Direct #:tk 5 ™= k4 4 & . ODM
Direct BLAUHSE LAY 7, HEES RGP HmE I AR ODM, & End Users,
e A LA 5 E FRATT AT LA HI I power grid F gate [ Hyperscale 1.

5 RENE R A R MR G SN, A =, e A& T E
SN S N

4 = Neoverse

Drew Henry (W KR ELEAMAE Linkedin BRI A, HFR & 18 1 BRSO
EANHANEZELE Arm kRSS20 BB AT EMmA Arm —F 2 )5,
2018 %£ 10 A Arm Tech L, fh&E4i Arm 7£ Infrastructure i L HE T HCD
(1) i W (Neoverse) Ml oK o A 1 & 4 — A0, ® A5 T 30% 1 % & K .

R = PR TR, FORIROKER R, AR, A EHE .

M EIECAE N 1 &5 KA 2 BRI KT logo HIAREEERE TAE, @Ak
EPA SN

arm NEOVERSE

Cosmos
Platform

. . .
)))) 30% Faster System Performance per Generation + New Feati

Kl 4.1 Arm NEOVERSE #%#x
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4.1 Huawei Kunpeng 920

20194 1 H 7T H, #NA KRR IR R AT T 8215 920.
HABFKERFELZGAITE, EAmEL, MESMNAD T .

XA S BE ) 7, TR T T, AR SRIER A .

Kunpeng 920
ARM-based CPU with the industry's highest
performance

High performance ‘
SPECint score

. n R 7nm, 64-core
Memory bandwidth:

High throughput Total I/O bandwidth:
Network bandwidth:

8-channel | PCle 4.0

High integration chips in 1 DDR4 | &CCIX

High power efficiency

*Tested in Huawei lab. Results m.\‘,‘% dmﬁvﬁﬁﬁ*
4.2 #EM 920 f R A2
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i T] [T A
Ll IS S S
sHM—|8 sl 1% sh[l-—|g =|—HH &
sUl Iz Kunpeng s| Wb, SLU |z Kunpeng s "HE .
x| o = 920 al- ’,’Jg X | e |- 920 o I‘Jg
< L1 B al] BE> <EN - o] 28>
[ V] B L M|
Ll L 5 Sigs il
110 | Hydra | Hydra | tyora Hydra | Hydra | Hyera | 1/0
P /\L ﬁ {T AAL S
ﬁ - @
< ‘V' J g d ‘\/’ >
Vo l Hydra l Hydra l Hydea Hydra [ Hydra l Hydra l 10
ity i 6 o T
—— e —— :L:
R | . HE: sHE-I8 L. fls
s ]= Kunpeng s|HH, sUET|z Kunpeng =| T,
x A= 920 al-=1118 x = 920 al-—||l1&
Tao m e gus <uu n a :I_:’
il | .| | =us

% e b L AR

l’§l 4.4 fEME 920 4P EH%IEII |

4.2 AWS Graviton2

Graviton1 Processor ——— Graviton2 Processor

Built with 64-bit Arm Neoverse
cores with AWS-designed
7 nm silicon process

First Arm-based processor
in major cloud

Built on 64-bit ARM Neoverse Up to 64 vCPUs, 25 Gbps

cores with AWS-designed 16 enhanced networking, 18 Gbps
nm silicon EBS bandwidth

Up to 16 vCPUs,10 Gbps 7x performance,
enhanced networking, 3.5 Gbps 4x compute cores,

EBS bandwidth 5x faster mev&%ﬁﬂkﬁﬁ%&*

K 4.5 Graviton1 & Graviton2
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Bif 2018 £ 11 H AWS %4 T Graviton, 31 HJH Neoverse FRFE T ix/ 16
™ cortex A72 W E®I SR . HMAFAEE. MEEF, 16 & AT2
16nm@2.3GHz, sz {4 2 RK.

Rl 2 FE 2017 4 AWS RATEIHZEH 2015 Il 1 LLE 5 Ak A &
Annapurna labs FIEAIF & 1) Nitro & F .

H2& 2019 1) AWS Graviton 2 2ol r= & 1. 64 #% Neoverse
N1, 30 Billion transistors, 7nm L%, #dl die size Mi%# 300-350mm
2, HE&ET Intel Xeon-based 5t f{RALFE2E 40% 1 RE, A HiLs 25 Gbps
) % 4% 75 % Al 18 Gbps of flitk EBS 4 %

LPEC cpu2017

Industry standard CPU SPECcpu2017 Rate*
intensive benchmark

u
-
S
(=]

-]

Run on all vCPUs concurrently

Comparing performance/vCPU

o
O
>
S~
Q
v
c
1)
=
e
O
N =
QL
o

SPECint2017 Rate SPECfp2017 rate
m M5 u M6G

g BT IERAR

Kl 4.6 SPEC cpu 2017
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EC2 Instances Powered by AWS Graviton2

General Purpose Compute Optimized Memory Optimized

A 5 /.—l“‘l‘u“
@ M6g —c‘f |o C6g @ R6g
Frhr Tm@ d’l_l_l_l_l‘

Best price performance for general purpose Best price performance for compute- Best price performance for workloads that
workloads with bal d P Ye i ive workloads process large data sets in memory
and networking

A 5 0 ¢

11111

Built for: Compute intensive applications such Built for: Memory intensive workloads such as

Built for: General-purpose workloads such as as high performance computing, video open-source databases (MySQL, MariaDB, and

NIRRT,
application servers, mid-size data stores, encoding, gaming, and CPU-based machine PostgreSQL), 0." - .1ei6ﬂaﬁz)fg‘}£‘§/l 3
microservices, and cluster computing., learning inference acceleration, Memcached).

4.7 AWS Graviton2 3 #5#) EC2

4.3 Ampere QuickSilver 2019

Ampere JliiE AWS [f] graviton [ IE X, #E&E 7 7nm 80 #% N1 L4
4 QuickSilver {1 F—ARTHRI. BRI SR 2 socket WECHE, X
&t Arm mesh IP (CMN-600)7E CCIX 15577,

Ampere™ Product Family
“Nost Gen Ampere S
EE
L
Shipped o ArmvB24
e * Improved IPC

* ArmvEO * Higher power efficien

oy
*  Upta32Cores *  Enhanced scalability of coces,
* 3.3 GHz Sustained Tucbo memary bandwidih, 1O
»  BxDDRA.2667 « Greater TOP range

* 42 lanes of POe Gen 3
* 4 SATAGen 3 ports
o TDR 7S5 25W

K 4.8 Ampere ;= i bx

B 7k ARSI BIER K 80 % N1 it 224, QuickSilver #1% 128 PCle4
lanes XFEIS LR E . 02 Nividia 2 CUDA-on-ARM % Ok £ .
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Xt 2020 A E R —BUL Fr, BETEREK R, AWS [ graviton R 8k # ik
%

4.4 MarvellThunderX3

B AWS I, A E O F R RIBANACH Ampere, &4 RATHIZ M
A# Marvell, RILEATHE T ThunderX3 processor ) H #f 1% 1) 4 7 /&
“Triton”, &FH | 7 EEME AR, BACEREE R 5 AR .

ThunderX® roadmap

Driving >2X generational performance improvement

) Stay tuned
THUNDERX 3
7nm
nuupg Coming soon
16nm '
'mmx' Production
28nm
Production
2016 2018 2020 2022

MARVELL

Kl 4.9 ThunderX #tr
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Generational core enhancements

» Generational IPC improvements for cloud applications
— L1-1, L2 sizes and out of order structures
— ALUs, branch prediction, front-end enhancements
— Caching & pre-feich

— Latency
+ Significant generational frequency improvements

» Power optimizations

4.10 ThunderX3 [ 85 45 4

4.5 Fujistu A64FX 2016

RER MBS e Ja . ROFEFE, HRS MK FERR memory GH I %,
YR, KEEMMEE =F,2 0, RRGEND7 , RAGERGEHET,
U0 RA =0T U 5 58, REGMAMEE T . a4, HiErRkA g
Ji A NG AFY “Br T 5t, BB K%, EHRERD, Sk
AR, FRAERT AN 2 R F IR AS N AT A PR

B IR IR AGAFX L SEA R RS A Fr, R RGBSR, 18 b 2 A A
“BRT o, BONRIERT I b

2016 4 arm &4 I ArmV8 1145444 & SVE- Scalable Vector Extension,
E PR, —MREFASHRuG, Xt Z Fujistu-F i@, &/ Post-K,
L5 7 $1.24 billion HAEFESMEEIE, 2KXH Arm 228, 1Az
AT LART ) SPARC. 11 H. AGAFX ;& 58— 57 FF SVE i) Arm AL FEZS
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~
Z
-
(CMG 12x Computing Co[es + 1x Assistant Core W‘]
Performance 512-bit wide SIMD
>2.TTFLOPS 2x FMAs

| ] I} 6] Gt C=d |

L1 Cache
>11.0TB/s (BF ratio = 4)

L2 Cache ) >115 ceis B
>3.6TBIs (BF ratio = 1.3) GBIs A ANSCT o)

Memory v

1024GB/s (BF ratio =~0.37) : S
AR

HBM2 8GiB

Bl 4.11 AGAFX HILEAT =L ANiE &

2018 % Lil7E hotchips LRI T AGAFX KBt . JeEMES 4 8.8
billion transistors (iX/~4A% %, AWS Graviton2 4 30B) , 7nm. 48 1NH
WEAZ AN b 4 SR R A A%, S 4 MBS cluster, & cluster 2 13 4>
o ¥ZIAI B2 EHE A 4% TOFU -6D mesh/torus J B/ (5548 TOFU
OB » B 32GB HBM2 GEEZE4ERLE) , 16PCle 3.0 lanes (iX
MEZ, WA AL , 1024 GB/s A& %, 2.7 TFLOPS @
64bit, 21.6 TFLOPS@8bit fJP£AE. Nvidia Tesla P4 fil P40, 7& 8bit %
W, 537 22 TFlops #1 47TFLOPS, Jifs —#f.

AGAFX 1] cache 2k, HFMARE, HATHI/KE, HIEEHE, RAS #HR AR,
A2 Lz — T hotchips 130#Y.
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TofuD Interface +
} ! ) ] J | J

€ O PR ITUmAL

TVRT

et anatea ot tanerd s

Y
Y
13
i
i
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3
7

il Core J| Core

e

K 4.12 A64FX i) floorplan
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Kl 4.13 Fugaku 755 GRAED

AGAFX X P (g, "I LAASHA GPU 414, [Hik Cray fEAIE L@ A 1F,
# AGAFX fliii# CS500 clusters F1kk Shasta Z4iH.

4.6 HEMMAE

2019 11 H, —=xm Nuvia KI8NEA R, 7E SC 2 BUYE, #HKHE. XK
AR ANRE 5, SERURD, 2T BT kS WA, iEIRATE
£ . 41 # 1 5 "deliver industry-leading performance and
energyefficiency for the data center” .

RO R OBR PN b PR O#S BE B -EP1L C https://www.european-processor-
initiative.eu/project/epi/) & — LAk &%) CPU Jy BARISS 7,
NZ U, BT
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EPI IP's Launch Pad
&
Pan European Research
lef orm for HPC and Al Gen3 GPP Fami
end amily
2021 2022 2023 y
. .
Rhea Family - Genl GPP 20212022 Cronos Family - Gen2 GPP 2024-..
EPI Common Platform EPI Common Platform
ARM & RISC-V ARM & RISC-V
ZEUS Core - N6 TITAN Acc

External IPs .
HPC Exascale System

HPC Experimental Platform :
Towards Exascale Automotive CPU

PCle board

Automotive PoC

K 4.11 EPI %#rE

5 IE‘ —2-:*:

?ﬁ@iﬁlﬁlf{ Arm D9t A EZ RS as R, REERE B HURE “ et A 7

X 5 4NF. Aamseidt e, Frank Frankovsky, Facebook VP of
Hardware Design and Supply Chain Operations th& 4N EH 4 7/ 5 A

fli$2 i the most useful work per watt per dollar. EIEfEH ERIS SR
K 55 A B 5 15 8 IS5 A T AR B R B R XA IR 55 AR ROARR B AR ), XA
EFRE T ettt .

AR —R, P EE R NG 2 the total useful work per total investment,
et It E B LSRR AR R e (I, TREITMEES oM , XX
MR/ TT R /SAS = dh A= T2 K?ﬁiﬁﬁ’]?‘éﬁo X R RS TR g o S —
FMEZk, AN, BZPOREI SR D

HIERSEREE 7, 2R Tatt e, et iItFES s R
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FeRERI P R ATAT AR, — A wafer REH R,

MR 2020 JjH .
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