h '> - > g o] AN D > = A 3
fcpto#itaidsata [SAFRCATRR () BASRE (RATEHIURES RIscy) Rl
S INSTITUTE OF COMPUTING TECHNOLOGY , CHINESE ACADEMY OF SCIENCES 305C Beijing Institute of Open Source Chip i Peng Cheng Laboratory

China RISC-V Alliance

BLFHFESEEERISC-VAM RS
SR ITEER

PN
w

85K
BT

2022F8H24H




% KN

(—. BL—F#R)

—. BUsHER &K
=. RISC-vz L "H&EIK"

M. REREE

PERZFETERARMRA (ICT, CAS)



% BL—FHREHE

e Ld L. ¥ EASREHLS (R :A PEFHIESES (RISCV) Bl s ﬂugﬁg@qﬁg

CCCCCCCCC -V Alliance

@ HLl: FrESEaERISC-VAMEES

=X B B2
PRI SR
202168 22H

¢ ik "B TEE 0

- BRI RIS FER—ABRE IR

< RAMIE: SEARHH, WL, FIDEEHITIRIE
- BETE: (RsIET ARG, TESIETARE
- FiRtX: AR KSR

<HECNA: TZNATIER, RAFARNEIEHTES
cBEAR: RENEERESRZOIARZAR

. WERIEECHEIL
- B "FETR" AT
- BTN "EEE REREA
- B= "BEBREH" Bt

- REALRESEMISE
- ST TR SRR
+ EENISZHEChiselDF IRt
- SEERISIRIDEIRITER
+ FARICHERRAEMICRAEIL

- iRt XiEi
o GitHub: 2900+Star 340+Fork
- BRI A SEARFRFBEREW
« StRFRCHRAREE (FFEB) iz
« RIEFREFARNGEE, FAERETTRERA

PERZFETERARMRA (ICT, CAS)



+ SERELW (i) LERREXRR

HUL4E2E (4%, 1TMB L2EtE) F2021F78i%H

Tape-out information for the processor core

SCMSPECint 2006: 7.03@1GHz
e SEMISPECEp 2006: 7.00@1GHz

UIIJ:II-Hﬁ.

Mem 261, 1.7mm?
Density 66% SPECint 2006 @ 1GHz SPECfp 2006 @ 1GHz
cell ULVT 1.04%, LVT 19.32%, 400.pe.rIbench 6.14 410.bwaves 9.28
SVT 25.19%, HVT 53.67% 401.bzip2 4.37 416.gamess 6.59
Estimated Power 5W 403.gcc 6.71 433.milc 8.41
Frequency 1.3GHz, TT85C 429.mcf 6.83 434.zeusmp 7.65
445.gobmk 7.92 435.gromacs 4.99
456.hmmer 5.24 436.cactusADM 3.97
458.sjeng 6.85 437 leslie3d 6.93
462.libguantum 17.71 444.namd 8.00
464.h264ref 10.91 447 .dealll 10.17
471.omnetpp 5.65 450.soplex 7.03
473.astar 5.16 453.povray 714
483.xalancbmk 7.35 454.Calculix 2.86
459.GemsFDTD 8.35
465.tonto 6.42
470.lbm 10.39
481 .wrf 7.26
482.sphinx3 9.07

hERIS IR E R AR (ICT, CAS) 4



+ MR ENEEHAST

4
- o

FRO: g5 5sZFml

R PRI 54 S
. EENEILE, ESNTIERE

:I
Pl

HHEE: EEHIT

+ 325 RISO/UIR(E (B) IrENEIEE (KT BIESER

- B R=4EEIEEE54F mizE 24 FuDian
FrERELE: https://github.com/OpenXiangShan/fudian
HEMEGE): e

- 3 RIS/ YIEEREFRIPHLE] (PMPEZ 2455
- SIFEENXRAEEYERNEFRELE (PMA)

"TJ'I"]@’ Load Store Unit
« 5 TLB L1 Cach&&EHaa
-« B4 L1DCachefi/kgigit, FEEREITFsR, 1I2ERER

HAMEE:

L2/L3 Cache

. B inclusive / norinclusiveZ S Al Bl B RS

FrERELE: https://github.com/OpenXiangShan/HuanCun

148E

VN XiangShan
T Open-source high-performance RISC-V processor
XIANGSHAN A xiangshan-all@ict.ac.cn
(D Overview [J] Repositories 38 @ Packages R People 27
Pinned
[ XiangShan | Publ B HuanCun ' Public
en-source high-perf;
or
@scala wwask ¥ ®scla w0 %3
3 difft bl H Xia gSh n-doc ' Publ
rrrrrrrrrrrrrrrrrrrrrrrrrrrr
® w %13 w k4

Ay Teams [ Projects 83 Settings

nnnnnnnnnnnnnnnnnnnnnnnnnnnnn

TEAZIEIENBITEFRSHIR

8H25H &MY 9:00

[E3p i 2
MMU gt 55
8H25H AP 9:25
e 2248 HuanCun
Cache E5igit 55
. 8H25H A 9:45

L2/LLGEER HuanCun

PERFEFRITERAHRAT (ICT, CAS)

[ HLIL BT [EpEg e )
RUlmENIESRIARNEE | RinakEahigitSind

8H25H A 9:15
[E3piE v
IWEFFEFRINSIT S
8H25H FEPY 9:35
[E3piE v
Fudian FPU i&it53Ei
8H25H FEIPY 9:55
HIFEF LSRR
RSB RSN
8H25H &EPY 10:05

5


https://github.com/OpenXiangShan/fudian
https://github.com/OpenXiangShan/HuanCun

+ R EFNIERGTEHLESR

« Th7TE: A SPEGIREFR R ERIGITREE SPE@UEITHIEI S 5E
« CPUIE 2GHz {5 1MB L2+ 6MBL3fLE, {5 DRAMsint&=}l DDR424008VIHTFIEIR
« GCC 10.2,0EF RV6AGCHESE, {#HH O34RF%kIn

SPECint 2006 @ 2GHz SPECTfp 2006 @ 2GHz
400.perlbench 19.29 410.bwaves 29.12
401.bzip2 11.60 416.gamess 23.65
403.gcc 20.88 433.milc 15.88
429.mcf 13.14 434.zeusmp 18.89
445.gobmk 17.21 435.aromacs 17.68
456.hmmer 19.47 436.cactusADM 20.61 {&1TSPECint 2006: 17.80@2GHz
458.sjeng 16.06 437 .leslie3d 16.21 s .
462.libquantum 31.35 444.namd 24.90 {EVI-SPECfp 2006: ZO'QG@ZGHZ
464.h264ref 28.93 447 dealll 31.77
471.omnetpp 12.24 450.soplex 17.79
473.astar 13.78 453.povray 30.30
483.xalancbmk 20.08 454.Calculix 10.58
459.GemsFDTD 18.08
465.tonto 19.36
470.lbm 29.64
481.wrf 17.79
482.sphinx3 28.62

SEFTAdIE): 2022FF8H PERFRTTERAHRAT (ICT, CAS)



i Sotagl 14154V

BEIFEHESH
8H24H = 14:00

+ FmitrlES RSB A

, FEILEmEFRET T, H18REIWEKRE AL
ItEHECHRARE, #1T S LEzmzR
e ST FEEER18H A&

i o o«
dlnnn ALEUE DR PTSEEDN AL R 5 P @/\\ Fhundersort ﬂ : | = y
Il gy GRS o k3ol Aumanacon : 9 3%

ﬂf%ﬁNﬁH
& pRer JRE  Tencemmn ZTED ESWIN ‘

@rrs rrak m@vouco U L e
" LRMECHERRLE PXFEREER -
18R &R (U 2021£E1ZEGEEP,_L

hERIS IR E R AR (ICT, CAS) 7



+ afEBL: dlv2 (AHl) ~miteliE

1. AbFRES | 2. AbFESS | 3. AbFEES | 4. AbFE | 5. bFERS | 6. AbFRBS X
ET | e | e | b Th e R | B R T | BRATIINR | T 2 S A
B Ak, i OIS | e | MR | Rt
SEF
ekt | v J J J J J
v N N
J J J J
J J
J J

InEE

5=

AR EWEFIRR

FERZRITERARHARET (ICT, CAS)

1000016

1000015

1000014

1000060

1000059

1000058

1000057

1000056

1000055

1000054

1000053

1000052

1000051

1000013

1000012

1000011

AR AR R T

hhEasz e AR

= & GMEEERESOITIEE

< I < N < I < I < D < R < B ~< N < I <

N Eifcpulz T EZSIF TS TIIE

DcacheflIstore buffer&3HE—#CiH{TBTIGIL

ITLB/DTLB/L2TLBIHIE

memblock R EA I TIGIIE

HATERITIIE

ctriblock#EER{EABTISIE
[ AMEBRE A I TIAIE
E%icache BB IFUSFE—RH{TBTIGIE

BPURIFTQ&FE—iCift {TBTIRIE

BRI R

SN EEIRIT SN

YNEERZIE OIS

lSEE= e A

[



+ BiFE2: &Filv3 (EIEiM) RMEHRE

o R | i 5 K | IiE SoC G/ | B 1 4 | JT b o oo
£ H

73 .i..l- 5 ;‘c Iﬂ I’:E ﬁ.‘ju i& -H— 5 ; fI)'_l_‘ liu"\': ff- ﬁ 'H" _'::j % IW.. 1000049 ATXFFRIRI S0

M

$ ﬁ-‘z 1000027 [ A
1000048 TEERIFESFTE S
ﬁﬂ-;l;’]:\é \/ \/ \/ \/ 1000047 GO BRI E ST
1000046 fmEEie
J 1000045 GEm XENERABEST
1000044 RERFFHR
1000043 BRIERREE
1000042 GEm EFE O

1000026 [ IIFSoCIE FigiHSSEH

L R N I S B N N
-4
<4

1000041 IR
1000040 [EiHERIRTT (&DFT)
1000039 SoCTTRR RERLIE
\/ 1000038 GT |PFTAKISRIE

1000025 [] 6 Xi@iiEhEd

1000037 FRRBERIIERR

1000023 [-] EE AMESERZGRITSSIE

1000036 SNEBEEEINFE. EIRTHG. ANRERNERIRIHER
1000035 STORY IS =2 oAby =T 2l e e B e =

1000034 DebugS5TraceThaligitSLHl, WiF
1000033 AfEHITEREE (TEE) RIHSSLH, RIE
Iﬁ E 1E§ﬁmg&ﬁﬂé1$'|.§;ﬂ 1000032 Hi /@ (CPUREHIL) 1R1HSSEH. 3R3E
1000031 VIR S, Wik
1000030 HERDBIT S
EF'%#?B?E-\I«-I—%TSE*EH ?’Eﬁ ):l: (lCT’ CAS) 1000029 STORY RS20 R 22 it gl B RN



% KN

—. HlU—FHE

(=. SLSEFETHE ]

=. RISC-vxz Et “f&EiK"

M. REREE

PERFEFRITERAHRAT (ICT, CAS)

10



+ [o][BR

AEL IR SRR A2 50

Toappearin MICR®b1, October 2022

K @2021182

+ SHFEILLIEREERAZRIEIN TR

LogViewer
BEAHH IR

Waveform Terminator

BRI TR
S B

Bl SRR Ekit

FEREEHAEL(WIP)

FLAIT (ICT, CAS)

Tt Rnm e e e mmer ) smater
T C 3 Z— T
ERbzea ] MR [ MiaEpk
T 9 — T
RIHES il [ {EE e
IT .
REHATR e @ Gas XL [*Eﬁﬂeﬁﬁg”‘*] RSP
Ul Golden Mem NEMU IT ’ L
*TTE{T?]*%: ZHRFAER RS HEIRIIES —— ) [ FPGATA ]
TCscorboud | spseinhe G #hsime T
et Lightsss | y L
e IR

14

Towards Developing High Performance RISC-V Processors Using Agile Methodology

Yinan Xu*f, Zihao Yu*, Dan Tang*¥, Guokai Chen*, Lingrui Gou*?, Yue Jin*1, Qianruo Li*f,

Xin Li*T, Jiawei Lin*, Tong Liu*, Zhigang Liu*, Jiazhan Tan*, Huagiang Wang* T, Huizhe Wang*T, Kaifan Wang*T,
Chuangi Zhang*!, Fawang thmg“ Linjuan Zhang* ", Zifei Zhang"r Yaoyang Zhou"T Yike Zhou*, Jlangrun ZouH
Ye Caill, Dandan Huan¥, Zusong LiY, Jiye Zhao¥, Zihao Chen®, Wei He?, Qiyuan Quan?,

Sa Wang*f, Kan Shi*, Ninghui Sun*! and Yungang Bao*'%

*State Key Lab of Processors, Institute of Computing Technology, Chinese Academy of Sciences, China
TUniwr.\'iiv\' of Chinese Academy of Sciences, China
tBeijing Institute of Open Source Chip, China
S8peng Cheng Laboratory, China
1Beijing VCore Technology Co., Ltd., China
| Shenzhen University, China

Abstract—While research has shown that the agile chip design
methodology is promising to sustain the scaling of computing
performance in a more efficient way, it is still of limited usage
in actual applications due to two major obstacles: 1) Lack of
tool-chain and developing framework supporting agile chip
design, especially for large-scale modern processors. 2) The
conventional verification methods are less agile and become a
major bottleneck of the entire process. To tackle both issues,
we propose MINJIE, an open-source platform supporting agile
processor development flow. MINJIE integrates a broad set
of tools for logic design, functional verification, performance
modelling, pre-silicon validation and debugging for better
development efficiency of state-of-the-art processor designs. We
demonstrate the usage and effectiveness of MINJIE by building
an open-source superscalar out-of-order RISC-V processor
code-named XIANGSHAN with two generations using agile
methodologies. We quantify the performance of XIANGSHAN
using SPEC CPU2006 benchmarks and demonstrate that
XIANGSHAN achieves industry-competitive performance.

Despite the benefits, agile design methodology is still
of limited usage especially for practical modern designs.
To further investigate the issue, we talk to chip archi-
tects, research scientists and lead engineers from twelve
hyperscalers and major chip companies across multiple
sectors, including data center, smartphone, communication
and automobile. According to this survey, we summarize two
common concerns regarding the agile methodology:

1) Agile approaches are not quite ready for complicated
processors. Although a number of chips have been built using
agile approaches, most of them are research prototypes and
are relatively small or less complicated designs [1], [14],
[15]. It is not clear if similar approaches can be directly
applied to large-scale designs such as modern processors.

2) The verification process is still less agile. While
modern verification methodologies such as UVM [16],

2021M%PPTT T _https://github.com/OpenXiangShan/XiangShdoc/tree/main/slides
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