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Compare to Neoverse V3
3rd generation Out of Order Core

8-wide

2x 256b VLEN RVV1.0

Compare to Neoverse N2 _AlA &|OMMU

2" generation Out of Order Core Hypervisor extension
6-wide RVA23+

2x 128b VLEN RVV1.0
AlIA &IOMMU @Q1 2026

Compare to A76 Hypervisor extension
2" generation Out of Order Core RVA23
4-wide

1x 128b VLEN RVV1.0
AlIA &IOMMU @Q1 2026
RVA22

Significant Year on Year performance uplift

2022 2023 2025 2027
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SPECCPU2006/GHz

AMD Zen5
o
. Apple M3
XSG AMg Zen4 O Intel Sapphire R

© AMD Zen3
O Intel Ice Lake

SiFive P87Q

O SiFive P670

O SiFive P5
O Xia
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feature
spec2006(GHz)
Address space
memary region
outstanding transaction
Time keeping

NMI

vector

Performance monitor
Debug

Trace

CPU virtualization
Interrupt virtualization
misalignment access
cache maintenance
Alomic

CPU interface

power

HW page table A/D update
nr of cores

CPU subsystem

RAS

IOMMU

DFTAMBIST
Security
multi-channel ddr
memaory interleave
multi-channel PCle
Die2Die support
memaory tag

cache partition and monitor

Ga

Neoverse N2 C58
15

VA 48bit, PA 48bit
find-grained

memory, uncache memory, MMIO

private timer(with global timestamp)

Yes
NEON/SVE/SVEZ
Yes

coresight debug

Yes

CPU, memory

GIC

Yes

Yes

L1§, L2§, SLC with cas
CHI Issue E.b
retention, power down
Yes

up to 128

Yes

I% parity, D% ECC, L2§ ECC
Yes(SMMU)

Yes

Realm

Yes

Yes

Yes

Yes

Yes(MTE, PAC)
Yes(MPAM)

RISC-V spec

6-15

SV48, PA4E
coarse-grained(PMA&PMP) & Svpbmt
same

CLINT, sstc

ssipi13

v

Shcounterenw, Sscofpmf, Sscounterenw, Zihpm
Debug spec(0.13, 1.0)
E-trace

H,Shgatpa. Shvsatpa. Shvstvecd
AlA

Zicclsm
zicbom,zicboz,zichop
Zacas, Ziccamoc
Tilelink, Tilelink2, CHI
retention, power down
Yes(svadu)

Yes

Maybe

Yes

IoMMU

Yes

Security Model(?)
Maybe

Maybe

Maybe

Maybe

Maybe

Maybe

D

XS-KMH V2R 1(2024/06)

15

VA39bit, PA 36bit
coarse-grained(PMA&PMP)
memory

CLINT

No

v

Q3 Q4

5V48, PA4S
coarse-grained(PMA&PMP) & Svpbmt
Yes(lack MMIO OT)

CLINT, sstc

Yes(ss1p13)

Yes(IMMIO OT)

Shcounterenw,Sscofpmf,Sscounterenw,Zihpm

Debug 0.13
No

E-trace

H,Shgatpa. Shvsatpa. Shvstvecd (HERERFEMR )

AlA csr and IMSIC

No

No

Only D$ Irsc

CHI Issue B{subset)

gating

No

up fo 2

NO(Yes for tilelink)

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

No

No

Yes(Tilelink)

Yes(no work for CPU subsys)
Yes(in verification)

No

No

No

Zicclsmiwo vector) Zicclsm(w vector)
zichom,zicboz,zichop
(Ziccamoa)

CHI Issue B&E.b(subset)

Zacas, Ziccamoc
Yes(with AMO, CMO)
retention Yes(gating;core retention; power down)
Yes{svadu)(Delayed)

Yes(up to 16)

Yes

(I$ parity + D$ ECC + L2 § ECC)

Yes{wo PCle)

(1% parity + D§ ECC on)

Yes

HE L (CPU+interrupt; wo 10)
Yas(Tilelink&CHI)

Yes(IMISC, DebugModule)
Yes(Ssnpm&Supm)
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14
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SIRIP RVA237

FRRES

A B D E F G | K
Finished before 20240630 202403 202404 Mot supported by KMH-V2ZR2ENHS
A c D F M Zicclsmiscalar only) | Zvihmin Zicclsm
W Zicnitr Zihpm Ziceif Ziccamoa Zicbom Zfhmin Zawrs
RVAZ3 U mandatory | Zba Zbb Zbs Zich4b Zicsr Zicbop Zihintpause
Zichoz Zkt Zicond Zabdrs Zfa Supm
Ziccrse Zcmop Zvbb Zvkt Zimop Zihintntl
Zacas
RVAZ4 U mandatory —
Zifencei Svbare Sv3g Svade Sscoptr Svpbmit Ssnpm
RVA23 S mandatory Svinval H Ss1p13 Sstvecd Ssubdxl Svnapot
Sstvala Shtvala Shgatpa Ssstateen Sscofpmf Sstc
Shvstvecd Shvsalpa Shvstvala Sscounterenw Shcounteranw
(RVA23 eotiomar, | Seg Sscsrind Ssaia Sv4s sva8xd Sssirict Svadu Zir
zhe Zvth Zama16b Zth Zvksg Zvkng
RVAZ3 U optional Zfbfmin Zvfofmin
Zvbe Zvibfwma
RVAZ3 S optional Sdext Sv57 Swvpte
FENH)V5 ] %
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(only forfER3) ZmikastEreEmtEReE

SpeedUp

35 EHL4miEes SPEC CPU 2006 IE{El%sE
@1GHz

3.0
2.71
2.5
1.92
N 20 1.88 1.82
=]
-§ 1.1 1.0
2 °
A 15 1.02 1.01 120 SPEClntZOOG
1.16 112 111 1.19 1.
— 1.00 1.03 1.01 1.01 1.00 1.00
1.0
0.5 o Y
iZ = IMEEEL 1.20x
18.00
0.0
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. XSCC1.0 4 - )3(332419;'2 25
EZ EoHERE 173I]53;l:l$ 184 174 S EhEL 2o
§40 107 123 1.04 i 15%
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20 0.5
0.0
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LLVM 19.1.0 LLVM 21.0.0 LLVM 21.0.0
(52d3486)

(a4bf6cd) (0e3e0bf)

REERESTE N
< ; SRR RV ) & Flang IR PGO (:) IESEES
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Commit @e3e@bf Fix and re.applj,fr IR PGO support for Flang #14.
.&D,_ neople authored on Apr 2 ) Jerifie F=Merged ) tarunprabhu mer o (D last mant} :I

[RISCV] Add processor definition for XiangShan-KunMingHu-V2R2 (#123133)

XiangShan-KunMingHu is the third generation of Open-source
high-performance RISC-V processor developed by Beijing Institute of Open
Source Chip (BOSC) , and its latest version is V2R2. 410.bwaves 101.0 97.6 1.03x

1

I

I

Co-authored-by: Shenglin Tang <tangshenglin@ict.ac.cn> 416.gamess 259.0 244.0 1.06x :
Co-authored-by: Xu, Zefan <ceba_robot@outlook.com> . \
Co-authored-by: Tang Haojin <tanghaojin@outlook.com> 437 leslie3d 94.7 94.1 1.01x \l
454.calculix 182.0 180.0 1.01x |

1193 b

481.wrf 93.4 91.4 1.02x |

I
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[IndVarS|mpI|fy] Eliminated Pure LoopCounter #4
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(only forfER) F1L4RiFEREILERISC-V
12y A H#‘I%%% X: (R oyan

s SpacemiT X60 3 SEAL
LR 1.89 2 IMELL

- »
. . e ERNNMELL
o ' 159 1.30x 163 1.16x
S 1.40 1.38
©
915 1.26 1.22 1.04 1 1.24 1.30 113
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RVA23IhEEESHIE

EDARRTE A SHSTRBIFR (GOS) openEuler RVA23Fi {3l
UT ! S Kernel build HATH

{ e ‘ C++/protobuf  EIL5ERK

lllllllll ”"“]"”’ Python3 B % 5T R

BT - ‘ golang B % 5T X

{ openBLAS BSERK

- mysql client BT

o memcached BB #% 5T AR

|T - N Java/hadoop  EHEIERL

o mysq! B8 {4 SE Rk

J&iffopenEuler RISC-V SIGHE L FH 5 A AT 48 1iE
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EiZ1ERERFA (SPECCPU base)

KMH & AR A featurext Bk M AE ARS8
E R
A E

o JHAFECPU,NoCHIMC R THBIUE P EREIR AL, 1E45 5 REIB A T8 T 3R1924.9% M REFE T (11.83->14.78) ;
o AMLERT B WWIFEDE X T A Fmesh X ~F (2x2 vs 3x5) , A[Allatency (186¢ycles->219cycles) , AR IF & L

HE H
o RHWISCRRIEIS PUR AT = T R IS i mesh NoCI ZEIR
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Onchip /Pl Acerbarilos
expanson inelaes

GIC block 1 I

SCHMCP Enparaions

System

Board

|

ppwer &

+ Debug

Elcm—] 10 I::-I::-ci:mi

dnageme

Dwbiug Bock

]

J{-'-

R

Interconnect and
System Caches (CMMN)

X _EFRISE/IAIE
* SBSA(Server Base System Architecture)
* SBBR(Server Base Boot Requirements)

* ARM Server Ready

Private Timer  DebugModule  SiEGIEHIE8
4

.

-

=] GIC blgck

Processor block

FRF i d e A0 iR SRR

Ornchig PCielAcosier s SC{RACP Faparaiont

System, [JLWer &

10 bloc J. Board Mahasement DebUE

Owbug Mea

=1

Interconnect and
System Caches (CMN)

B E—

X LT

RISC-V server platform specification

. RVA profile

. RISC-V server SOC specification

. Boot and Runtime Services specification

. RISC-V platform security model
Certification(Certification Steering Commitee)
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Shield-Bitmap
Shield-bit [ ppm— " N
s Bikith BEXE = < HE
= iR ' Normal Workloads =5 5 Se
| <: 1 3> Sensitive ~ | | D @) 0 Bitmap
o 1
Normal 0 d Norfn'al rarea &) TEETCB ||::> =) ]
Workloads 1 Sensitive J os 5 ///
RIS Normal 2, o |
S Y > ; )
""" Workloads —|:I ::)l—l*‘-“mu /
Normal - /
< Normal @ eI
Sensitive Sensitive Fault a1l
Workloads Bypass ! L
Shield-bit Normal

SSFTEHEUERETSERIR (77, 10, i) RIsISIRE

* Configuration + Performance * Area
v Configure Shield-Bitmap CSR v' SPECINt2006 Simpoint est. @3GHz v’ Process Design Kit (PDK) 7nm Evaluation
¢ Enable Shield-XS Isolation « GEOMEAN 44.62 > 44.29 ( 10.72%) * Hardware Qverhead = 0.3%
* Set Shield-Bitmap Base Address 60% 25.0% m Cell Area (um?)
v T N "0: 20.0%
Shield-Bitmap Cache Size = 128 x 8 Bytes 4.0% o Shield-Bitmap Cache 5,075
v" KunminghuV2 Configuration (TileLink Prototype) o 10.09 ) )
2.0% . Shield-Bitmap Checker 1,088
* L1 Instruction/Data Cache Size = 64KB . o
00 :r-.ﬁ H; - =;;"'u'."=lc‘..c = = =-l-: s Tt=ay e MMU Area 50'843
* L1 Instruction/Data TLB = 48-Full Association RS EENE ARSI S SRR E S S I R L
| g% B OERRES £3 8FTT ¢ &F KMH V2 Core A 2,000,000
* L2 Cache Size = 1MB ; - ore Area
I Ferformance Overhead s DTLB Miss Rate )
* L3 Cache Size = 16MB The performance overhead increases with the DTLB miss rate. Area Percentage b
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Z BRI

f . BRI/Supply Data PR
° bl
tl test new: SZFFEZAIL2EGUEIALS BUBRVBW | jnvaiia " PR Hit None | Exclusive
et L4 awr | el Rer e ar L L La
2148 [ClLog.B] closed file: clog.l3top.b B v * . PR Hit
2141 saving memdb to chiseldb.db ... Processor-based Transition ———————» Other -
2142  [Tieeoed] [tl-test-new-FIMAL] woid TLSeguencer::Finalize(): called at 72a@epe . . )
) - Bus-induced Transition > PW/BRI BR/Supply Data
2143 [7200888] [tl-test-new-FINAL]
2144 [7zeeeee] [t1-test-new-FINaL] ~ [ EEED BN H N DN N N NN EE R BI
2145 [7200000) [t1-test-newrva) "l I HEE N EN N EN R BRUSupply Data ‘ .
2146 [7200888] [t1-test-new-erval] "l HE NN NN EEEE B ER- ff“_ifﬁﬁﬁl“ﬁ'*:ﬁ'_ﬁ_f_ﬁ IPW/BRI e PW/EBL PR
2147 [7200088] [t1-test-new-FINAL] ~ . . . - . . . . . . . " ?E"J\LI.'E{EJPW,}:IH:%&%BRI . Modified ! Shared - BR.-‘Suppl}' Data
2148 [7200008] [tl-test-new-FINAL] ~ [ [T B R IEiI 1 B E BR/Supply Data '
2149 [7200088] [tl-test-new-FINAL] = i overlap_producer
2158 [7200000] [tl-test-new-FIMAL] vold TLSequencer::Finalize(): tl-test subsystem finalized X werlap consumer 5
overlap producer stres:s check pas
TXRSP RXRSP TXDAT overlap consumer str check pas
Transaction Count Transaction Count Transaction Count > ISURES gA‘IEV\]'/A"
ResplLCrdReturn 0 | RespLCrdReturn 0 | Datal CrdReturn 0 data check Bl o
SnpResp 2351705 | SnpResp 0 | snpRespData 2337024 data check
CompAck 29067959 | CompAck 0 | CopyBackWrData 7347689
cache test
ReftryAck 0 | RetryAck 23889421 | NonCopyBackWrDats 1652662
Comp 0 | Comp 15343254 | CompData 2436240
CompDBIDResp 0 | CompDBIDResp 3673848 _
DBIDResp[1 0 | DBIDResp[1 0
L L BEZ R (R
PCrdGrant 0 | PCrdGrant 23888886
ReadReceipt 0 | ReadReceipt 1653580
SnpRespFwded 536350 | SnpRespFwded 0
BT 0E M BENLI R 55 20 (R

(S} AEsCHF Ly B b
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DiffTest-H: BT IEEAHEIHEHEL

- FR: WIEIEEIREREEIRA hﬁ;“;&] | Gloal Memory |
+ Batch: BHE@SHR [ Wontor )
. Squash: i/ EESIEE Aocarato) Debugangl K —
- Replay: RIFESRBIAEIXHIE Squash | | |
 {FESRUENMEELIX 57~109 {3 _Bach SN ettt Aot
« DiffTest-H HEIFLUIAILT 151 1ME4E bug, L’.EEL
TR 780 1H] 19 4 PR HURTBIEX Hardware,

CPU NutShell HIWERAM HFILERM

ISE SRR
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Host Memory

EiEfii i
FliE ——— I \NTDESC  |-mrrremeecemmmreeennnnnn
BUFF_addr +———» data
CONTROL
STATUS data
-_ MNXTDESC
BUFF_addr » data
CONTROL
STATUS data
ki 53y [ MNXTDESC
BUFF_addr ———— data
CONTROL e
STATUS =
o

S
S4itt —— —{ NXTDESC

BUFF_addr +—— data

CONTROL wes
STATUS data
— MNXTDESC
BUFF_addr ————» data
CONTROL
STATUS data

e T

BUFF_addr —— I data

CONTROL

STATLS data

AXl Bridge For PCle

AX| DA

" CPU

ANEM

S PCle |, .| AX RN [ ——
PCle Gen3.0 | | Bridge
|Interface
RR_SC
--------------------------- K{i‘:ﬂk“{h
";0,_. Write

T A E AR 2
%+ dma cache — ZUH: Ml
Al Ry AL B dmatit iz kb
B, corel)iin] FIHLHE A,
SCHRFEUE IR MEAS N

dma 3 fmulti-channel, sg
dmaflblock dmafi =,
dmasZ#:D2M, M2M, M2D %
PE 4 iz A L AR AS )
R SRR K
1% H

(8 JescoF vy ke

=]
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L 4

// : true;do wperfd -c 192.168 1:done
/ \ [ 31970] random: iperf3 t urandom re
l] Core Core \' Core Core ing to host - - o
Y[ cache cache ||/ Cache Cache Coherent — L 901748 J _ran |:.icm.' i iperf
\ / Accelerators 5] local o port
AXI EESaN < ® €
Interf } RN-I e\ J— =\~ R =\ o+ p2p |— ==t Other B i y
nterfaces R | RR | R { RR R R = exiped Chip g i ME
KT T - Die andom: crng init
/] I\ 4
| L
1 ! 51
m \ Snoop Filter 1 m Snoop Filter Snoop Filter
A /
N -
Interfaces R R R 2
(i o S o | E 0 0 4. 87
M HN-I f+—— caix j—r -
Non-Coherent pert Done.
CHI protocol ,__:|_ — l_ /_—_|__\ HN-D Accelerators Connecting to host
. Z I N\ = e P [ N (T TN . s
{B B YRR e R SN - RN REERE (UL
I 1 § § § § N ACE-Lite/AXI RN-I: CHI_I/Q 20 s
l‘ { \\ Master Interface RN-D:CHI_I/OE%,@E?%WDVM
wr T T 5T T == 0 N HN-FA A R (74 D
/ ‘ NE | | NIE | //"___T———‘\\ HN-:1/0F BENoCTE N E L
-1 ’ \ HN-DHN-+HIR LB RilE
T / A SN-F:MC+CHI_bridge to_MC
A Mem Cntrl Mem Cntrl Mem Cntrl Mem Cntrl ,l CHI_to_ACE Transacter ‘\ SBSX: CHI_bridge to_MC
PHY PHY PHY PHY [} 1 MTSX:CHI_bridge to_MC+MTE
L [
] ] ] ] 1/O slaves E é E | i
o \ . Exclusive i
1 2 2 ¥ g ? \\ PoS device T /l

DDR / HBM \ ,
N %—‘ /
N /
~______-

[0S AEsOIFHE s
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Z—HISTRUEIA I

U:% A > REYITH > ilFKsignoff >  STHIfIMsign
Uals Uk P off TR

VCS
o VU19P
Verilator
e IFU —
* |Cache
* L2TLB FA A5 =] 13
N
oAb < megmwirsm {1 SRIGABISH

https://github.com/RV-BOSC/xs_build
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