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2020
Non-X86 Servers S8.848 M
Growth -
X86 Servers 585,281 M
Growth -
Total S94130 M
Total Growth =

EXHIBIT 4: Estimates from market researchers differ but the

$9,239 M

$93,396 M

$102,601 M

2021 2022
$12,265 M

2.8%
S110,955 M

18.8%
$123,224 M

201%

44%

9.5%

9.0%

2023
S14984 M
221%
S113,487 M
2.3%
S128,471 M
43%

2024
516,240 M
8.4%
S127,407M
2.3%
S143,647 M
11.8%

Why

2025 2026
518,208 M $20,256 M
12.1% 11.2%
S140,]20M  S§153,483 M
10.0% 9.5%
S158,328 M S173,739 M
10.2% 9.7%

https://gigalight.medium.com/global-ai-server-market-surges-to-50-billion-in-2023-exp ected-to-exceed-50-share-by-2027-cb5ec8de5ed9

rise of Arm CPU in servers is clear and consistent.

10% A

8% A

6% -

4%

2% A

0%

Arm Server Global Unit Share

-------------

NNNNNNNNNNNNN

—a— Gartner —e—IDC

Source: Gartner, IDC and Bernstein analysis

EXHIBIT 5: We estimate nearly 10% of servers now have Arm
CPUs, with roughly 40% used by China.

China as % of Global Arm Server
Shipment Unit

111

2Q22
3Q22
4Q22
1Q23

https: //www.tomshardware.com/news/china-arm-servers

Expanding workload applicability

Graviton3
Machine Learning, HPC, SIMD,

2027
$23.571M
16.4%
S165,568 M
5% _
$18S139 M
8.9%
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RHEL 8 Planning Guide"'

810

8.9

8.8

8.7

8.6

8.5

8.4

8.3

8.2

8.1

8.0

2019 2020 2021 2022 2023 2024 2025

. Minor Release Extended Update Support

2026 2027 2028 2029

Update Services for SAP Solutions

https://access.redhat.com/support/policy/updates/errata

107 A, — B

Kernel version: 4.18
release: 2018.8.12

— A%

Why

Red Hat Enterprise Linux release timeline

12.3.

RHEL 9 IIII

0123456789,

RHEL 8 IIIIIIIIII
0.1 2
et 7 [
012345 6 .7 .8 9 10
et o |1 O
345 678 9.10

RHELS IIIIIIIIII--

234 56

wecs NN

012345678 9

sy

0 1234567

RHEL 2.1

MW Froduction Extended support

AR RRA3SE— IR TR
RHEL 8: 2019
RHEL 9: 2022
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A Hﬁ%%& XS-K V2 Issue E.b RVA23:i%; server SOC spec (#347) %dleﬁsocket
" B AREHE XS-K V2 Issue E.b RVA23.hi%; server SOCspec (#47)  ZdieZsocket
A g o ~
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ARMERSSERIPES

Proces

CXL

Onchip/PCle Accelerator

expansions

expansion Interfaces

CSS

GIC block

or block

Processor Block

T
Direct Connect DSU

SCP/MCP Expansions

ms|

T  System Caches (CMN)

N
‘
e

e [

nterconnect and

System, ppwer &
10 bIoc‘< | oard Management Debug
----------------- ‘i : U?::Auulﬂck
A=l
i =5 |
=] i% g

SR EE e
T = e
CMN-700
[ vin ]
SNF [wvo ] ==

Peripheral block
NIC-450

On i secre vt
‘nonsscue SUAM

mmmmm

WL

Clock Control
Block

.

[

Memory Subsystem
expansions

c2c
expansions

Sy Y

Why

RD-N2 complies with, or includes components that comply with, the following specifications:

*  Arm® Architecture Reference Manual Armv8, for Armv8-A architecture profile

o Am® Generic Interrupt Controller Architecture Specification, GIC architecture version 3 and version
4

*  AMBA® 5 CHI Architecture Specification, issue E

Arm® Server Base System Architecture, version 6.0

*  AMBA® AXI and ACE Protocol Specification

Am® System Memory Management Unit Architecture Specification, SMMU architecture version 3
* Am® CoreSight™ Base System Architecture, version 1.0

Arm® Power Policy Unit Architecture Specification, version 1.1

*  Arm® Power Control System Architecture, version 2.0

* Am® Debug Interface Architecture Specification ADIv6.0

AR IR b
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Onchin/PC:

SCP/MCP Expansions
Interfaces

Processor block

(&)

System,jppwer &

cc

1 =l S | oo
i |
T
e S Interconnect and
=1 [ T System Caches (CMN)
- ! T=
W
\ \ | Sadunivy .=' = H
& BIEH NOC: B#ia

Why

FHIC BTG
e RISC-V server platform
specification
* RVA profile
* RISC-V server SOC
specification
* Boot and Runtime Services
specification
e RISC-V platform security
model
* Certification(Certification Steering
Commitee)

Y ] 1 4.4/ ¢
Sos5c BENINGINSTITUTE OF OPEN SOURCE CHIP



05 JEsiIrsasFrmrseb

O BENING INSTITUTE OF OPEN SOURCE CHIP

FISFEPRES



eHRil C & e I TAE (V1)

WH  Kunminghu i | Partition | Mg®E  2024011801...
s * B B EIES T
bucket WNS TNS level buffinv skew rc delta pathgroup
740 -0.047 -0.095 19 8 0.028 0.052 0.007 frontend_backend
2 -0.040 -3.306 22 2 -0.062 0.027 0.000 backend_memblock
-0.040 -13.265 15 2 -0.030 0.028 0.000 backend_memblock
-0.040 -4.353 24 5 -0.055 0.041 0.003 backend_memblock
-0.037 -1.951 30 6 0.000 0.066 0.005 memblock_backend
31 -0.033 -2.807 24 13 0.003 0.124 0.023 backend_backend

O N7IZ, TTOP85V85C, 11
EMETAL; OCV, clock
derate 1.05/0.95,
uncertainty 20ps

BEE wEE density=~60%
O &45ig: TTOP9VS5CF, &4
RRAER RO 2iA3GHz

O Floorplan: 1500um*1840um,

SPECint 2006 @ 3GHz SPECfp 2006 @ 3GHz
400.perlbench 36.65 |410.bwaves 55.37
401.bzip2 24.28 |416.gamess 43.77
403.gcc 47.69 |433.milc 35.82
429.mcf 57.85 |434.zeusmp 44.43
445.gobmk 31.71 435.gromacs 30.39
456.hmmer 39.57 436.cactusADM 46.22
458.sjeng 31.50 |437.lesliedd 39.51
462.libquantum | 125.49 |444.namd 37.45
464.h264ref 57.38 |447.dealll 73.55
471.omnetpp 42.24  |450.soplex 55.74
473.astar 30.74  |453.povray 55.86
483.xalancbmk 75.54  |454.Calculix 16.49

GEOMEAN 44.98 |459.GemsFDTD 34.22

465.tonto 34.24

ETRERF R BEEALETE,  |470.1bm 85.61
FH 52 BESPECO6 11 » 481.wrf 39.58
FIE SN sEPrtEiE A R 2 |482.sphinx3 57.07
GEOMEAN 43.39

1% SPECint2006754) 14.99/GHz
05 Aeseorvss i wisch
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V2R1

o EACHIZE, %

B C 2 58 i TAE (82

RVA23 15 i% 58 Fing
o B = KIE KRB R

UL

FCHI Issue BF4%

SnpClean
SnpNotSharedDirt,
SnpNotSharedDirt
SnpSharedFwd
SnpShared
SnpUniqueFwd
SnpUnigue
SnpUniqueStash
SnpCleanShared
SnpCleaninvalid

SnpMakelnvalid

SnpMakelnvalidStash

SnpDVMOp

=

yFwd Yes

Y Yes

S

e~ Ny, N,
LAy,
JEZQ

PR W |

* gem5
* NEMU
o TRt gm A

L

Why

TR &

o B Linux & 1T hiRupstreamming
e xiangshan CPU IP

* uncore lP
 NOCIP

N ERF#V2R1

O @ A:Class A= Transaction A Current Support i Snoop
Read ReadNoSnp Yes Snoop
3 Read ReadNotSharedDirty Yes Snoop
5 Read ReadUnique Yes Snoop
4 Dataless MakeUnigque Yes Snoop

5 Dataless Evict Yes
} Snoop

6 Write WriteNoSnpPtl Yes
Snoop

. Write WriteNoSnpFull Yes
Snoop

Write WriteBackFull Yes
Snoop

) Snhoop SnpOnceFwd Yes
Snoop

) Snoop SnpOnce Yes
4 Snoop

Snoop SnpStashUnique Yes
Snoop

2 Snoop SnpStashShared Yes
Snoop SnpCleanFwd Yes Snoop

= x
E AV
spec2006 1543/GHz

2023

rd

RVA23:3£50%

EBF#AV2R2

RVA234437100%

2024

N

BiztEELI8D
ZiaitERRT

2025

Y 5 1. 1
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HZMEEERERK, SZEERK

—

feature

O o < o0 B WM

—
o

11
12
13
14
15

spec2006(GHz)

Address space

memory region

outstanding transaction

Time keeping

NMI

vector

Performance monitor

Trace

CPU virtualization

Interrupt virtualization

misalignment access
‘ cache maintenance

Atomic

Neoverse N2 CSS

15

VA 48bit, PA 48bit

find-grained

memory, uncache memory, MMIO
private timer(with global timestamp)
Yes

NEON/SVE/SVE2

Yes

Yes

CPU, memory

GIC

Yes

Yes

L18, L28, SLC with cas

XS-KMH V2R1(2024/06)

15

VA39bit, PA 36bit
coarse-grained

memory

global timer

No

A

Yes

No

CPU, memory(performance?)
AlA csr and IMSIC(UT finish)
No

No

Only DS Irsc

V2R2EFRE R AR 55 A AR A U SRR, SR
R

36{.VA, PA;
MEE D,
AEEFEdie,

Why

1 feature Neoverse N2 CSS XS-KMH V2R1(2024/06) f
16 CPU interface CHl Issue E.b CHI Issue B(subset)

17  power retention, power down gating

18  nrof cores upto 128 upto4

19  CPU subsystem Yes NO(Yes for tilelink)

20 RAS I$ parity, D$ ECC, L2$ ECC I$ parity, D$ ECC(Default OFF) °
21 1IOMMU Yes(SMMU) open source(note1)

22  HW page table A/D update Yes No

23 multi-channel ddr Yes No

24 memory interleave Yes No

25  multi-channel PCle Yes No

26 Die2Die support Yes No

27  memory tag Yes(MTE, PAC) No

28  cache partition and monitor Yes(MPAM) No

AR S5 28 M ATHAE (ARSEEBETIRE: ABBITRY, FAIIFRIE)

RSB LIERED note1: poor performance, lack functionality

BRSS RRMAR 1S

0S

B80s5C

AR IR b
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Why

K

FZ %, £PCle, ZEHIEBEMC

o AT RN
L, = @ ON 000 o W ECPUS5 £ PCle fI WL H] B a5
vl e - BLAZiEEmemory ittt
1 I Mc o PhEREEAE

| |

o |

outbound

‘ = n : , 0x20100000 [e——{ 0320100000 | 0x20100000 wmd 0x20000000

0x5b000000

" » _ 0x50000000 0x50000000 0x50000000 ouﬂ)ounx

inbound

10

RC 7EH&5SH% RC PCLE®  EP PCI EP 75384

Y 5 1. 1
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— 4RI T8 58 X R 55 4%

\

XN P&

REESERPXRF, 2N RKopenEuler[FiE 3,

ZiZMAl B

AR5 SRR MR

CHITMY 2+

ZHUT/IT/STREHRIR
Ediex®istRrA{ (bandwidth, latency)
SRS A EER
L EREERSY
S N IESsEEEE
CHl Issue E.b&/) AMO. CMO IOTEEEIL 1L
CHI Issue B=/Istransaction+FiEsnoop transaction+Fi & — = 1 . {streaml, DVM transaction; PCle ATS, PR3
(EESABAMIER) )
snoop +F, PCle order)
i SR (FaRE) B (AR mEMEEISER L (bfloatleEFE2H7 ) $${%ﬁ$§;6m
l
FixiLhe RO e SE204GHRIES (spec201 THUREH75)
$5: 2. 5GHz; 2.9GHz: 2.8GHz; 3GHz;
= S E#5: 2.71mm({+22%); || 2.65mm(+20%) 2.5mm(+18%); 2.33mm(+8%); (5T EE) (54 T EUE)
PPA (*ﬁ? ng_% Nzttiﬁiﬁ) Ih: 2.21(+57%) 2 3w(+60%) 1.81w(+30%) 1.54w{+8%)
20303 20304 2001 w2 2024Q3 2024Q4 2025Q1 2025Q2

Y ] 1344/
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IS (MAZEIF64%)

xbar

L2

MC

BEEXRMTAR :
CPU subsys3Z

%5 85 5
SRS S A

CPU subsystem
DebugModule

Global Timer

NOC(H AT C Bt P 5 51
H)

o B AL Hicluster.
o 2024%EH2 ZIZEAIE S RR4-81%

Global
Timer

DSU

NOC

MC

202452

B (R e T oY I i
Tt

s %&%&EHEUHQF %N SOURCE CHIP
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1 feature
2 spec2006(GHz)
3 Address space
4 memaory region
5 outstanding transaction
6  Time keeping
7 MM
8  vector
9 Performance monitor
10  Debug
11 Trace
12 CPU virtualization
13 Interrupt virtualization
14  misalignment access
15 | cache maintenance
16 Atomic
BRS5 3R M ATHRE
BRS5WAIRES
R S5 RRMAR 151

Neoverse N2 C55

15

VA 48bit, PA 48bit

find-grained

memory, uncache memory, MMIO
private timer{with global timestamp)
Yes

MEOM/SVE/SVEZ

Yes

coresight debug

Yes

CPU, memory

GIC

Yes

Yes

L15, L25, SLC with cas

(AR5 EEMETIRE: PIEEITRY, FAIIKIE)

note1: poor performance, lack functionality

X5-KMH V2R1(2024/06) Q3

15

VA39bit, PA 36bit SV48, PA48
coarse-grained Svpbmt

memaory Yes(lack MMIO OT)
CLINT CLINT, sstc

No Yes(ss1p13)

v

Shcounterenw,Sscofpmf Sscounterenw, Zihpm
Debug 0.13

No E-trace
H,Shgatpa. Shvsatpa. Shvstvecd (H$BEIFEEMR{L)
AlA csr and IMSIC(UT finish)

No Zicclsm(wo vector)
Mo zichom,zicboz, zichop
Only D$ Irsc (Ziccamoa)

Q4

Yes

Zicclsm(w vector)

Zacas, Ziccamoc

AR IR b

BEIJING INSTITUTE OF OPEN SOURCE CHIP



Q3, Q4E&BMF (52

1 feature Neoverse N2 CSS

17  CPUinterface CHI Issue E.b

18  power retention, power down

19  HW page table A/D update Yes

20  nrof cores upto 128

21 CPU subsystem Yes

272  RAS 15 parity, DS ECC, L25 ECC

23 IOMMU Yes(SMMU)

24 DFT&MBIST Yes

25  Security Realm

26 multi-channel ddr Yes

27  memory interleave Yes

28  multi-channel PCle Yes

29  Die2Die support Yes

30 memory tag Yes(MTE, PAC)

31 cache partition and monitor Yes(MPAM)
BB S5 88 M ATHRE (AR5 EGBAETIRE: PIEBHRY, FAIIFHE)
AR5/ LIERES note1: poor performance, lack functionality

FRS5 AR MR R

XS-KMH V2R1(2024/06)
CHI Issue B(subset)
gating

No

upto 2

NO(Yes for tilelink)

I$ parity, D$ ECC(Default OFF)
open source(note1)

No

No

No

No

No

No

No

No

Q3
CHI Issue B&E.b(subset)

retention?

(IS parity + DS ECC on)

Yes

Q4

Yes(with AMO, CMO)

Yes(maybe ARM P channel/Q channel)
Yes(svadu)

Yes(up to 16)

Yes

Yes

Yes(wo PCle)

@R

Y ] 1 4.4/ ¢
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BFi#iV2R2IG B - 5e1j|'H|ghI|ght

1 AEI P ( EJ: E ) : Trace Delivery Blocks Trace
O CPU Core Kunminghu V2R2 Core0 syne. Kunminghu V2R2 Corel
! CLINT | :
GAgﬁl P ( E‘J: E ) | —— Vectorl.0 RVA23 Vectorl.0
i Profile ) Profile ]
C LI N T i Hypervisor Hypervisor
| — Debug
64KB I-Cache 64KB D-Cache 64KB I[-Cache 64KB D-Cache
i D e b u g w/parity w/ECC w/parity w/ECC
« Trace Private L2 Cache (IMB) wo/ECC - IMSIC || IMSIC H— Private L2 Cache (IMB) wo/ECC
° Asyn cBrid ge $ CHLE.B 256 Bits ] CHLE.B 256 Bits
Async Bridge Async Bridge
« AlA ; DDR4
_________________ N Ny I
I O M M U AMBA 5 CHLE.B Direct Connect TileLink Crossbar AMBA 5 CHIL.E.B Direct Connect SBSX

3E§ﬁﬁﬁﬁ*ﬂ§?ffﬁﬁ= IGIE (RTE) [ RNF ] RNE ST

NOC
« VCS AN ENE
 Palladium Kunminghu V2R2 CPU Sub-system

+ FPGA GIE N M =b e
Di<=3: FMEEIE*10+ =EH|E Extendable Tools Flow

AHO 3+ — AR FE N +FRANBR B A »  Picker / MLVP / XCOMM

#*0.1 - Verilator / VCS / Xcelium Flow
« Xilinx FPGA flow
« Palladium Flow
+ Coretools /| Socrates / ...

Y [ 5010
) s BD C BEIJINGINSTITUTE OF OPEN SOURCE CHIP
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V2R2AFZZ(TEIE TR (2024F)

6 MNP UT5ERL || STRUESER 16f%CPUER S 5E AR A STIS 5T AX,
FR5ERK R ASLE 1E 64\!!911%_]5?2!&3’5 52 5% B A PPAfL{L V2R23Z f

e o e & o

SERAR A BaEP 7P IPREE UT5ERK
Y EZY R RG5ERK SERAXR KR A58 E
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H
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RVA234£3%

A B c D E F G H I J K L
Finished before 20240630 2024Q3 2024Q4 2025Q1 No plan
A (= D F M Zicclsm(scalar only) Zicclsm Zch
Vv Zicntr Zihpm Ziccif Ziccamoa Zicbom Zvfhmin Zawrs Zihintntl
E:;ﬁﬁitl;w Zba Zbb Zbs Zic64b Zicsr Zicbop Zfhmin Zihintpause
Zicboz Zkt Zicond Zab4rs Zfa Supm
Zicerse Zcmop Zvbb Zvkt Zimop
RVA24 U Zacas
mandatory Ziccamoe
Zifencei Svbare Sv39 Svade Ssceptr Svpbmt Ssnpm
RVA23 S Svinval H Ss1p13 Sstvecd Ssu6b4xl Svnapot
mandatory Sstvala Shtvala Shgatpa Ssstateen Sscofpmf Sstc
Shvstvecd Shvsatpa Shvstvala Sscounterenw | Shcounterenw
e Sv48 sv48x4 Svadu
zbe Zvfh Zamal6b Zfh Zvksg Zvkng
Egﬁgfﬂ? Zfbfmin Zvfbfmin
Zvbe Zvfbfwma
RVA23 S Sdext Svvptc Sv57 Zkr
optional Ssstrict
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