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Opening Remarks
The Era of Open -Source Chip



4 A chip design that changes everything

A10 Breakthrough Technologies 202aSatlMECllts LRUEUIUE EELlEg gl iy
Breakthrough Technologies 2023

Ever wonder how your smartphone connects to Computer chip designs are expensive and hard to license. That's all about to
. change thanks to the popular open standard known as RISC-V.

your Bluetooth speaker, given they were made by

different companies? Well, Bluetooth is an open By Sophia Chen January 9,2023
standard, meaning its design specifications, such as
the required frequency and its data encoding
protocols, are publicly available. Software and = = e e
hardware based on open standard&thernet, Wi
Fi, PDF have become household names.

Now an open standard known as RKSC
OLINRY 2dzy OSR dGcNagehowT A @S €
companies create computer chips

--- MIT Technology Review



4 OpenSource Chip Ecosystem (OSCE)

AGoal: mirror the success of the open -source software ecosystem

— Customized code
M ------ < 10% LOC

'\
Open-Source
Chip Ecosystem

ISAs/IPs/ Languages/ | | Verification/
SoCs EDA tools Simulation

- reem

To Lower the barrier of chip development
By saving the cost of IPs, EDA tools and engineers in chip design

0S/Compiler > > 90% LOC

: : L 4
* Yungang Bao, The Four Steps to An Gpeuarce Chip Design Ecosystem, ACM SIGARCH Visioning Workshop, June 2019



| 1: OPENSA|
'L2:OPENDesign/Implementation
'L3: OPENramework/Tools

N

% Three Levels of
OpenSource Chip

.

Memory Controller ... -




Three levels of OSCE--
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. [L1: OPENSA
. [L2:OPENDesign & Implementation
[ L3: OPENOools & Infrastructure
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Open Tools & Infrastructure

Microarch ‘

-

Engineerin&

ﬁ Tools

-

N
ISA Spec. Docs

128 Enlry I
ITLB (4 wivy)
T

32 KB 1-cache (4 way)

4
[ 168 Pre-Docos, Forch Butior |
Instruction S
‘
[ 15 hn.,n-.- ction Quese |

RTL codes

component DebugCoreTop 1s

t cul Trig : in T _trig 1 (others => (others => "))

'
cu2 Trig : in t_trig 2 (others => (others => "0")) !
cul_Data i in t_data 0 := (others => (others => '0'});
cul Data : in = L {others => (others == '0"))
cuZ Data i in t_data 2 := (others => (others => '0')):
- - _ i
| Private
L2 Cactw 1 I2C
Rogeter i :1 (S vy in
Visible Stale inout

<m .4‘ ". - .m.-o-
b( =
il t!\hv yop L"U Butter
-
[ AT wow wd Raaaa]
e
[ 26 Entry Reotder Butter ( ] 'U?n—-m
—
| "

m m gt_RefClk p : in
m 3d E gt RefClk n : in

RISC-V"°

gt_RX p 1 in downto 0) := {(others => '0');
m m gt_EX n : in downto 0) := (others =»> '0'}):;
gt_TX p : ont downto 0);
[ gt_TX n : ount downto 0)

R e S
end component ;

BMB port (
Shared T
nchmive -
Li;:m cu Clk : in std_logic vector (2 deownto 0) := tot‘hers == '0");
fiowag cul Trig : in t_trig O (others => (others => ")

~

Open Design & Implt




% XlangShanOpen -Source High Performance Processors

L1: OPENSA

(

_2:0OPENDesign/Implementation

~

| 3: OPENramework/Tools

= XiangShan pubiic

P master - ¥ 295 Branches © 5 Tags Q Gotofile t Add file ~

github

ChiselAlA @ 458f94b

oo R

coupledL2 @ abf2f74

debug

. I

difftest @ Oaf0fec

fudian @ e1bd469

. . |

huancun @ 65ef077

images

marrac/ere frainferala

Fragrant Hill in Beijing

O ¥ Anzooooo and good-circle fix(Rob): redirect need waiting for all uop writeback

57 EditPins ~

feat(CLINT): add new clint to match 1:1 ration between CLIN

submodule(ChiselAlA):bump ChiselAlA to fix lose interrupt (...

build: bump chisel 6.7.0 (#5069)

bump difftest & mkdir for wave/perf for local-ci script's run-...

fix(difftest). bump and align parseArg return values (#5009)
chore: bump chisel 6.0.0 (#2654)
build: bump chisel 6.7.0 (#5069)

docs(readme): update kunminghu architecture graph (#3910)

New™ SR fiv 1inmrivilanad CSRe and narmiccinn rhark

defcc01 - 5 hours ago

@ Unwatch 97 ~

) 11,119 Commits

2 weeks ago
5 months ago
2 weeks ago
2 years ago
last month
last year

2 weeks ago

11 months ago

lact vaar

% Fork 823 - Starred 6.7k -

About

Open-source high-performance RISC-V

processor

& xiangshan.cc

chisel risc-v microarchitecture

m
L
A
S|
W
@
L4

Readme

View license
Activity

Custom properties
6.7k stars

97 watching

823 forks

Report repository

> 6.7K stars, > 820 forks on GitHub



% Why OpenSource Higkperf. RISE&/ ProcessoKiangShaf

AWhy RISC -V: Free and open ISA

AWhy high -perf : Most RISC-V processors are for loT/edge, but both academic and
iIndustrial

community need high -performance RISC -V processors
AWhy open -source : An open and innovative hardware platform

ABuild a leading platform with end -to -end agile development flows and

Envision o

YKdugzduh Yhuvlr

AN
ol

XIANGSHRAN




4 OpenXiangSharEmpoweringArchitecture Research

AAN open-source,continuouslydevelopingresearchplatform

Your research field XiangShan provides d

Performance : An industrial -competitive, high -
performance superscalar OoO microarchitecture

Functionality : RVA23-compatible RISGV design

Microarchitecture Development : mature, user-friendly design
flows

Tapeouts by the XiangShan team and leading
Industrial partners with real-world deployment

Chip development tool Realistic and challenging research problems



4 15+ XiangShanutorials Around the World

A HPCA, Edinburgh, Scotland
A ASPLOS, San Diego, USA
ﬁ I\R/I\I/CSF(;C’)H:ng?hOS’Sihma A HPCA, Sydney, Australia
, Austin, A More coming &
O O O ®
2023 2025
A ASPLOS,Vancouver, Canada A HPCA, Las Vegas, USA
A RVSC, Beijing, China A ASPLOS, Rotterdam, Netherlands
A MICRO, Toronto, Canada A RVSE, Paris, France
A ISCA, Tokyo, Japan
A APPT, Athens, Greece Welcome old
A RVSC, Shanghai, China ' /
A MICBO. Soou Kores and new friends:

10



% What We Wil Cover In This Tutorial

AGeneral introduction (8:00 J8:40, 40 minutes)

Alntroduction of XS -Gemb5 (8:40 10:00, 80 minutes)

ACoffee Breaks (10:00 10:30, 30 minutes)

AMicroarchitecture design philosophy (10:30 J11:00, 30 minutes)
ADevelopment workflows (11:00 Q12:00, 60 minutes)

r p The XiangShan Team 11



Open -Source, High Performance,
Industrial Level RISC-V Processor



A 1st generation: Yangihu(YQH)
A RV64GC, singlmre, superscala®oO
A 28nm tapeout, 1.3GHz, July 2021
A SPEC CPU2006 7.01@1GHz, bIBRA

A2nd generation:Nanhu(NH)
A RV64GCBK, duabre, superscala®oO
A 14nm GDSI!I delivery, 2GHz, 2023 Q3
A Estimated* SPECIn2006 19.10@2GHz ™

A 3rd generation:Kunminghu(KMH)
A RV64GCBKHYV, quadre, superscala®oO
A Advancednode, 3GHz, 1.5x IPC of NH
A Close collaboration with industrial partners

4 XlangShanOpen -Source High Performance Processors

1472 15.73
ge5 955 990 11.00

611 . . . . l

3 N 3 »
40- A *P ?6 x@ oF \e
40 « e s < Q
3 ee“ ;c,o“ of ‘“\\@e\‘ o o W
@

SPECint 2006/GHZ* (Proportional to IPC)

21.69

13



4 XlangShartsen l1:Yangihu

ATest chip developed almost entirely by students
A RV64GC, 11-stage, superscalar, out -of-order

ATapeout: single XiangShan core with 1MB L2 Cache
Tape -out information for the processor
A 28nm, 1.3GHz, July 2021 : e
Process Node 28nm
Die Size 8.6 mm 2
Std Cell 5.05M, 4.27 mm 2
Mem 261, 1.7mm 2
Density 66%
: ULVT 1.04%, LVT
ue '-jilntzier 1932%,
Je— Blk Cel SVT 25.19%, HVT
oo ; 53.67%
i Estimated 5W
(b) Power
Figure. Layout of (a) the entire chip; (b) the Frequency 1.3GHz, TT85C

LT

core



4 Real Chip oKiangSharGen 1Yangihu

AThe chip was back in January 2022

A SoC: CPU, SPI Flash, UART, SD card,

A Correctly running Debian with SD card

APerformance: SPEC CPU2006 7.01@1GHz

SPECint 2006 @ 1GHz SPECfp 2006 @ 1GHz

400.perlbench 6.14 410.bwaves 9.28

401.bzip2 4.37 416.gamess 6.59

403.gcc 6.71 433.milc 8.41

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 libquantum 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 7.14
483.xalancbmk 7.35 454.Calculix 2.86
459.GemsFDTD 8.35

465.tonto 6.42

SPECint 2006: 7.03@1GHz [470.1om 10.39
SPECfp 2006: 7.00@1GHz 48l 7.28
482.sphinx3 9.07

Ethernet, DI
and ethernet

wanghuizhe@open02:~$ ssh -X
xs(@ 's password:
Linux opend2 4.20.0-44668-ge9c195ab0c63-dirty #109 Thu Feb 17 17:41:13 CST 202yt

xs(@

The programs included with the Debian GNU/Linux system are free software;
the exact distribution terms for each program are described in the
individual files in /fusr/share/doc/*/copyright.

Debian GNU/Linux comes with ABSOLUTELY NO WARRANTY, to the extent
permitted by applicable law.

You have no mail.

Last login: Thu Feb 17 11:10:31 2022 from

xs@open02:~% xclock
Warning: locale

by C library, locale unchanged

SSH into the Debian on
XiangShan, and
run a GUI program via X11

forwarding 15



4 XlangShartsen 2:Nanhu

ATarget: 2GHz@14nm, SPEC CPU2006 ~20
marks

A New frontend : decoupled BP and instruction fetch

A Improved backend : better scheduler, instruction fusions,
move elimination, and more

A New L2/L3 cache : designed for high frequency and high
performance with hybrid prefetchers

A Verified under dual -core config (RV64GCBK), more
ghyl fhv vxssruw +SFLh/ XVE/

Setup an open and standardized development
workflow

o

A lake in Jiaxing, Zhejiang,

O

China

11 100pen v 2322 Closed

I3 Bump difftest for palladium simulation v/
#2662 opened 11 hours ago by klin02 + Approved

1 ICache: fix ICacheMainPipe bug about sfence v O aEED

#2660 opened 3 days ago by ssszwic « Review required

I ICache: change data SRAM partWayNum from 2 to 4 v
#2653 opened 5 days ago by ssszwic + Approved

11 ITTAGE meta width shrink v

#2592 opened last month by eastonman = Review required

1 pf: fix negetive stream v @
#2508 opened on Nov 27, 2023 by happy-Ix » Review required

11 SQ: add sq merge v/ enhancement

#2439 opened on Oct 29, 2023 by sfencevma = Review required

11 rm refillPipe v enhancement
#2426 opened on Oct 25, 2023 by YukunXue « Approved

Pull Request

Snapshot 16



4 Estimated Performance ofiangShartsen 2Nanhu

AEstimatedSPECin2006 19.10SPECfR006 22.18@2GHz
ARTL simulation, DDR4 -2400 under DRAMsIim3
A Compile with GCC 10.2.0, -02, RV64GCB

SPECIint 06 SPECfp 06

400.perlbench 19.27 410.bwaves 18.09

401.bzip2 11.36 416.gamess 23.82

403.gcc 21.97 433.milc 18.33

429.mcf 20.53 434.zeusmp 28.19

445.gobmk 15.97 435.gromacs 17.53

456.hmmer 19.22 436.cactusADM 24.26

458.sjeng 17.22 437 .leslie3d 20.28

462.libquantum 36.99 444 namd 23.83

464.h264ref 28.54 447 .dealll 33.50

471.omnetpp 14.02 450.soplex 25.61

473.astar 14.19 453.povray 27.06 Feature V1YGH V2 NH

483.xalancbmk 21.48 454.Calculix 9.18 ISA RV64GC RV64GCBK

[SPECint2006@2GHz | 1910 | 459.GemsFDTD 24.66 Process Node 26nm énm
465.tonto 17.68 Core Count - S
470.lbm 32.04 Std Cl:t:I‘I3 I\lslljz;r‘lafArea 5.05&?4%? mm?2 1155}11 i.rsn?;mmm2
481.wrf 19.73 Mem Nurm/Area 261, 1.7 mm?2 692, 8.93 mm2
482.sphinx3 28.38 Density 66% 35%
_ Frequency 1.3GHz, TT0.9V | 2GHz, TT 0.9V

17

* Updated January 5, 2023. Performance confirmed on FPGA as well



4 XlangShan Gen Kunminghu

ATarget ARM Neoverse N2
A SPECCPU2006: 45@3GHz (15/GHz)
A Vector/Hypervisor extension supported

AA Joint Dev Tearfcoordinatedby BOSC)
A About 10institutions

FB=IXELIL (EHREIZRIE )
SIEREFIFERISC-V XMNEERIZEX S A&
@il IS ch

m-

. 4 zaae#aﬁaua 1t.
) ,)\a
17 y N,‘ ' | A\

I

Kunming Lake in Beijing

18



4 Highlights inXiangSharGGen 3Kunminghu

A Functional Enhancement Design Ter e [ ra 1w |
A Support RISGV Vector/Hypervisor  extension """""""
A Support RVA23 profile Terficaton gy W gy Wiy Wi
A Support interconnection based on CHI protocol Tape-out Fa
A Performance Exploration Agile Development Model
A Performance boost in frontend, backend, load -store unit and cache

A Performance model calibrated with RTL
A Workflow x DSE on perf model => Impl . & fine tunning on RTL

A Functional Verification
A Hierarchical verification flow spanning system/integration/unit level + FPGA prototyping
A Industrial -grade verification process

A Physical Design
A Experienced physical design team
A Simultaneous iteration of RTL coding based on timing evaluation

19




4 Compiler Support

LLVM & GCC Now Include Xiang3aamminghuv2R2 Optimizations
= ) wm / Ivmeproject = ) gccmimor / gee

<> Code () Issues S5k+ Il Pullrequests 44k () Actions @ Security |~ Insights <> Code 17 Pullrequests 48 () Actions [{J Projects [0 Wiki () Security |~ Insights

Commit @e3e@bf Commit f@cd40f
u;‘w 4 people authored 3 davs ag 1723 k,)_.i)) 3 people committed on Jun 6

[RISCV] Add processor definition for XiangShan-KunMingHu-V2R2 (#123193) RISC-V: Support -mcpu for XiangShan Kunminghu cpu.

This patch adds support for the XiangShan Kunminghu CPU in GCC, allowing

XiangShan-KunMingHu is the third generation of Open-source . . = . .
the use of the '-mcpu=xiangshan-kunminghu® option.

high-performance RISC-V processor developed by Beijing Institute of Open

Source Chip (B0OSC) , and its latest version is V2R2. N . . . . .
XiangShan-KunMingHu is the third-generation open-source high-performance

RISC-V processor.[1] You can find the corresponding ISA extension from the
XiangShan Github repository.[2] The latest news of KunMingHu can be found
in the XiangShan Biweekly.[3]

The KunMingHu manual is now available at

It will be updated on the official XiangShan documentation site:

[1] https://gi
[2] https:/
[3] https:

You can find the corresponding ISA extension from the XiangShan Github
repository:

A dedicated scheduling model for KunMingHu's hybrid pipeline will be

If you want to track the latest performance data of KunMingHu, please proposed in a subsequent PR.

check XiangShan Biweekly:
gcc/Changelog:
This PR adds the processor definition for KunMingHu V2R2, developed by

the XscC team I . i i * config/riscv/riscv-cores.def (RISCV_TUNE): New cpu tune.

(RISCV_CORE): New cpu.

The scheduling model for XiangShan-KunMingHu V2R2 will be submitted in a * doc/invoke.texi: Ditto.

subsequent PR. .
gcc/testsuite/Changelog:

* gcc.target/riscv/mecpu—xiangshan-kunminghu.c: New test.

Co-authored-by: Shenglin Tang <tangshenglin@ict.ac.cn>
Co-authored-by: Xu, zefan <ceba_robot@outlook.com>
Co-authored-by: Tang Haojin <tanghaojin@outlook.com>

Co-Authored-By: Jiawei Chen <jiawei@iscas.ac.cn>
Co-Authored-By: Yangyu Chen <cyy@cyyself.name>
Co-Authored-By: Tang Haojin <tanghaojin@outlook.com>

¥ g




4 Performance Evaluation of GenKunminghu

AMethod: SPECPU checkpoints selected 8impoint
A Base: GCC D3, RV64GCRmalloc
A 1MB L2 and 16MB L3
A Simulated @3GHwith DRAMsim3 DDR2R00

b - :
Frontend ! i~ Backend

A, T

SPECint 2006 est.@ 3GHz | SPECfp 2006 est.@ 3GHz
400.perlbench 35.88 |410.bwaves 66.89
401.bzip2 25,50 [416.gamess 40.89
403.gcc 46.72 |433.milc 45.25
429.mcf 58.13__|434.zeusmp 52.10 Memblock
445.gobmk 30.26 |435.gromacs 33.65
456.hmmer 41.60 [436.cactusADM 46.16
458.sjeng 30.53 |437.leslie3d 46.01
462 libquantum| 122.50 |444.namd 28.88 ‘
464.h264ref 56.57 |447.dealll 73.43 L2cache |
471.omnetpp 39.37 [450.soplex 51.99
473.astar 29.23 |453.povray 53.44
483.xalancbmk | 72.03  |454.Calculix 16.38
GEOMEAN 44.15 ]459.GemsFDTD 37.18 F|00rp|an of KMH V2R2 (Sing|e
465.tonto 36.67
470.1bm 91.24 core)
481 .wrf 40.62
482 .sphinx3 48.57
GEOMEAN 44.60 21



4 XlangShanOpen -Source High Performance Processors

A

SPEGNt2006 /\/\/\
per-GHz /\/\/\
19= Il'l
: Note: Power & Area
16 = still behind ARM
13 =
: F=RBW (EORARE ) -
BIEREFIERISC-V A ESSEBRESH A
10 =
[ A75 bl = L o 2
- XSvl A Joint Team
4 =
—

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
22



4 Prospect: "Dual Core" Roadmap

Big-Core

Based on V3
(KMH)

[

Based on V2
(NH)

A Big Core: Ultimate Performance a v.s. ARM N2)
TargetHigh-ThroughputAdvancedComputingPlatform

Goab becomemainstreamCPUfor data centersand computational
facilities

A Mid Core: Balanced Perf & Efficiency o v.s. ARM A76f3
Target Mid -to -High -End General Industry Domain

Goal: support broad industrial spectrum including
Industrial control, automotive, communication, aviation and

more
23




4% Industrial Level Verification

Process . Tools

! featt m UnityChip
Design Spec Verification Plan .
DiffTest FORCE

. e . / . RISCV-DV  EMU FHAGACVS|\v

Verification

Test Point .
Strategy : EDA  Businesstools Formal
Verification Hierarchy . Partner Collaboration
s A ( ™ ' ™ e N
ut BPU IntExu LSu L2Cache
IFU FpExu DCache NoC
CtrIBlock
ICache VfExu PTW Partners
ITLB Prefetch 462, 37%
v b SN A 7% ¢ BOSC,
IT FrontEnd BackEnd MemBlock L2C 795, 63%
v : :
ST Slsllilr?;?ge I\::;tt:iz;e Program slicing 10 testing Others

Sz R Benchmark 10 testing e
scenario workloads
Source and Number of Reported Bugs ”



4 Collaborative Mechanism Based on Op&ource Innovation

Innovative
Forces

B0

-

Collaborative
Verification

SHPUDW SR
In nﬂz'-'a | * Gt T ATV S
DRI AN MALLESONS

©C piter SMEFE

Q B E g ) BREE PR youdao

/

X ThunderSoft _ £2
P FHHUY “"::‘;;’F';

Tencent il ZTE EP)—‘( ESW' N

Iy @ @ Empyrean

cor

nv-u':,yv;al;.-_ PRHRERE i}E k jL %
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4 Tlered Rolling Opetsource Model

(Technical Innovation A o—-{]0O0—-O0O0O—O0O 00O OO0

Colleges _ _ R \ \l \/ \ \../ l \

Institutions /Design lteration \ C)_CD_C)_C)_C)_C)_C)_>

| pen-Source Community | \ \ \ \ \ \
o—0—0—10—O0—10—

BOSC —— -) Tape-out verification 7 marks/GHz 10 marks/GHz
Engineering Team 1.3GHz@28nm 2GHz@14nm \ \ \
— % . » _'_l..
IDB: JER}F%&#EJ}%% 2021.7.15 2022.2
S0s5c BEMING INSTITUTE OF OPEN SOURCE CHIP . . \ r\
Industry Verification C U >

7\
\
\Member Companies / O Iteration \ \

Companies ===» Stabl
Stable IPs © s O O—

K Downstream Companies j
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% FPGAPrototype in Only Two Weeks

XS Core

Fabric

Peripheral
UART
SPI
13¢/12C
[clle]

Storage Ethernet

USB OTG

3%

o

ChipZChipBreddeo. o -~

o “Use WASDjey:
S nSpace to_jum

hou:
\to/ toggle i&E/@saNperson
7 ko, load

Jump,

F5'Eo Shve Bcene, F

| . %,
—_— - S

|

se/togh €0 ove
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4 Real Chip oKiangSharGen 2Nanhu

ATest chip was back in October 2023
A Successfully brought up Linux and working with PCle device (GPU, Ethernet,

=

: : ; The world's first laptop powered by 4
. ,__. ~ : a open-squrce RISC-V processor

Ruyi Book
CcPU “XiangShan Nanhu" (RV64GCBK),up to 2.5GHz
Memory 8GB DDRS 4800MT/s
GPU AMD RX 550
USB 2x USB3
Ethernet 2% 2.5Gbps Ethernet Port

1x 14-inch LCD Display

Display X HOMI, up to 4K

. <2 TouchPad Support 9 kinds of gesture operation

Audio Built-in high-quality speakers.

Dimensions  315*233*25mm

Ruyi Book

Nanhu whvw erdug C UYVFy57 Ruyi XiangShan Book
Running Desktop Linux & Cloud Game * Design by ISCAS, Inchi, MilkV

- Jhgvklqg Lpsdfw 9 Forxg/ rqgo| ¢ 4 1 sv/ mxvw iru28ixq



Linux Boot on 8Core XiangShan GenkiinminghuV?2

ALanxinComputing has successfully launched Linux on-eor& SoC built
on the Kunminghuv?2

File Edit View Windows Help Ly o "uart@port=2333 ID=0" Guicanls
marchid : 019
S22 @rwEle B ninpid : 0x0
hart isa ¢ rvBdinafdevh_zicbom_zicboz_zientr_zicond_zicsr_zifencei_zihintnt]_zihintpause_zihpm_zacas_zfa_zfh_zfhmin_zba_zbb_zbe_zbkb_zbke_zbkx_zbs_zknd_zkne_zknh_zkt_zksed_zksh
Setup I Control | Bookmark | DRTL | SDL ] Probe | Memory | Infin| [-2vbb-zvFh_zvfhmin_zvkb_zvkt_smaia_snstateen. scofpmf_sste_svinval _svnapot_svpbmt
processor : 8
i hart H
Dalvabus.e and Work D"eaory : rvBdimafdevh_zicbom_zichoz_zientr_zicond_zicer_zifencei _zihintntl_zihintpause_zihpm_zacas_zfa_zfh_zfhmin_zba_zbb_zbc_zbkb_zbke_zbkx_zbs_zknd_zkne_zknh_zkt_zksed_zksh
Desngn Directory: zvbb zvfh_ zvfhmn zvkb_zvkt_snaia_smstateen_ssaia_sscofpmf_sstc_svinval _svnapot_svpbmt
8 v svdg
Work Directory: uarch ¢ bosc,kah-v2
mvendorid : 0x0
Emulator: = Online ~ Offline :‘:é:‘;d fgjés
hart isa : rvbdimafdcvh_zicbom_zicboz_zientr_zicond_zicsr_zifencei_zihintnt]_zihintpause_zihpm_zacas_zfa_zfh_zfhmin_zba_zbb_zbc_zbkb_zbke_zbkx_zbs_zknd_zkne_zknh_zkt_zksed_zksh
Conﬂguaﬂon _zvbb_zvfh_zvfhein_zvkb_zvkt_smaia_smstateen_ssaia_sscofpmf_sstc_svinval _svnapot_svpbmt
State: TBrun Change To:  Sim processor : 6
har! t 6
® = ¢ rvBdimafdevh_zicbom_zicboz_zientr_zicond_zicsr_zifencei_zihintntl_zihintpause_zihpm_zacas_zfa_zfh_zfhmin_zba_zbb_zbc_zbkb_zbke_zbkx_zbs_zknd_zkne_zknh_zkt_zksed_zksh
Emulator:pit-1 v Short (Emdator setto lx ZZ) d zvbb zvfh_zvfhmin_zvkb_zvkt_smaia_smstateen_ssaia_sscofpnf_sstc_svinval _svnapot_svpbmt
i . ] 3 1 Y : svd8
Sim Host:  Board: [15.0+15.1+15.2+15 §)|1Bg [, 4 SN
v i . : . i wvendor id :
Target: Skip All: Tri-state 1/O: Cable Status irun {  [*520E0% : 019
i . i mimpid : 0x0
Vision Mode: Download Rew 0 interval| 10 v hart isa 3 rvBdimafdevh_zicbom_zicboz_zientr_zicond_zicsr zifencei_zihintnt]l_zihintpause_zihpm_zacas_zfa_zfh_zfhmin_zba_zbb_zbe_zbkb_zbke_zbkx_zbs_zknd_zkne_zknh_zkt_zksed_zksh
End Session _zvbb_zvfh_zvfhmin_zvkb_zvkt_smaia_swstateen_ssaia_sscofpnf_sstc_svinval _svnapot_svpbmt
. P"oceuor 1?7
Continuous Upload SST2 (SHM) Way| |hart $?
isa ¢ rvBdimafdevh_zicbom_zicboz_zientr_zicond_zicer_zifencei_zihintntl_: z:hmtpmu zihpn_zacas_zfa_zfh_zfhmin_zba_zbb_zbc_zbkb_zbke. zbkx zbs zknd_ zkne_zknh_zkt_zksed_zksh
Save/Restart Cosimulation State _zvbb_zvFh_; zvfhvnn :vkb zvkt_smaia_smstateen_ssaia_sscofpnf_sstc_svinval _svnapot.
Lt :
Cosimulation State File Name: uarch : bose,kah-v2
mvendor id : 0x0
Save |Restart Emuator State  ~ Debug Env archid : 08
-unud : 0x0
hart rvbdimafdevh_zicbom_zicboz_zientr_zicond_zicsr_zifencei_zihintnt] zlhlnlpa\:se zihpm_zacas_zfa_zfh_zfhmin_zba_zbb_zbc_zbkb_zbke_zbkx_zbs_zknd_zkne_zknh_zkt_zksed_zksh
zvbb zvfh 2vfhmin_zvkb_zvkt_smaia_swstateen_ssaia_ sscofpnf_sstc_svinval _svnapot_s
~ — — — — #!/bin/sh
AEFUN> §TOKCE  3(LS5_IUF).U_€_Cpu_pCOre_COFel.PJ_Ti_1 |u devtmpfs does not get automounted for initranfs
XErun> bin/mount =t devtwpfs devtmpfs /dev
XErun>
HErun> source src/script/bm ren.tcl : # use the /dev/console device node from devtmpfs if possible to not
INFO (legacy-55628): memory parallel begin. # confuse glibc's ttuname_r(),
INFO (legacy-55628): memory parallel end. ® This may fail (E.C. booted with console=), and errors from exec will
NOTE: do glb_rst() to reset entire design ... ® terninate the shell, so use a subshell for the test
INFO (legacy-51034): Some nets in SDL expressions wefllif (exec 0</dev/console) 2>/dev/nulls then
ee contents of file sdl_keepnets.tcl for more detail exec 0</dev/console
XErun> run exec g;:v;cmm}n
exec v/console
config pcu pll sel reg ™

release sys reset...
start cnoc init
cnoc init done
start ddr init...
fcu boot end

exec /sbin/init 50"
o1
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4 XiangShan: A RISC -V Processor

= XiangShan rubiic 5 EditPins ~+  @Unwatch 97 ~ % Fork 823 |~ Starred 67k~
¥ master - ¥ 295Branches © 5 Tags Q Go tofile t Add file ~ <> Code - About

Open-source high-performance RISC-V
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processor

github feat(CLINT): add new clint to match 1:1 ration between CLIN 2 weeks ago & xiangshan.cc
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4 First Step to Agile Design: Use Chisel

A2018: quantitative experiments between Chisel and Verilog

e Task #1: Design an L2 Cache for RISC-V Rocket-chip core
o Who: A 5-year engineer vs. a senior student

Familiar w/ OpenSparc T1; Course projects on CPU design;

Experience . . i i
Modified Xilinx Cache Using Chisel for 9 months
Language Verilog Chisel
Time 6 weeks 3 days
LOCs ~1700 ~350
i Boot Linux on multicore RISC-V;
Results Unable to boot Linux

support NIC w/ DMA mode

1%t Round results: Chisel is more productive than Verilog by 14X
with only 1/510C

* Task #2: Translate the Verilog codes into Chisel
+ Evaluated on FPGA (xc7v2000tfhg1716-1), Vivado 2017.01

* Who: A junior student who never knew Chisel

Freq./MHz 135.814 136.388 (+0.42%) 154.107 (+13.47%)
Power/W 0.770  0.749 (-2.73%) 0.749 (-2.73%)
LUT Logic 5676 6422 (+13.14%) 2594 (-54.30%)
LUT Storage 1796 1264 (-29.62%) 1492 (-16.93%)
FF 4266 3638 (-14.72%) 747 (-82.49%)
Locs 618 470 (-23.95%) 155 (-74.92%)

e 2" Round results: Chisel can achieve better PPA than verilog

Yu Zihao, Liu Zhigang, Li Yiwei, Huang
Bowen, Wang Sa, Sun Ninghui , Bao
Yungang. Practice of Chip Agile
Development: Labeled RISC -V. Journal
of Computer Research and
Development, 2019, 56(1): 35 -48.

A2020: 28nm tape-out of an 8core labeled RIS® processor

single node board

“BeiHai100
Labeled RIS® Chip + 1*PCle3.0 RC x4

« RV64GCigStE
BRGIRFIRTIKEG

« REGRSIUSERSERA

+  8#/2MB L2 Cache
ChipLinkgiisRg

+ 1.2GHz@ 28nm
Wafer out/WB BGAZ%

+  EK37§§32GB DDRARTE
2*FIRLALKR
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4% New HDLA New Design Paradigm

’. e °, e °, Circuit -oriented
New Hardware pHEH R a Processor
Design Paradigm Fssassssasiaies Design
High -level ‘ 3g3sesesssstedsces
HDLs Sivel Process
Hardware Description EDA IXe or
Language integrating (gate -level)

architectural
features

Object -
: : oriented .
Micro -architecture Processor W™
| Design
Object e
(Reusable Modules) Process

or

OOP Design
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What’s Missing in Agile Hardware Design? Verification!

Babak Falsafi, Fellow, ACM, IEEE

Parallel Systems Architecture Laboratory, Institute of Computer and Communication Sciences, School of Computer and
Communication Sciences, Ecole polytechnique fédérale de Lausanne CH-1015 Lausanne

E-mail: babak.falsafi@epfl.ch

Agile hardware design is an approach to developing hardware systems that draws inspiration from the princi-
ples and practices of agile software development. It emphasizes collaboration, flexibility, iterative development,
and quick adaptation to changing requirements. In agile hardware design, the focus is on delivering functional
hardware systems in shorter development cycles while maintaining high-quality and customer satisfaction.

In particular, agile hardware design is of great interest in the open-source hardware community. Open-source
hardware development —such as RISC-V— is at the forefront of initiatives to democratize hardware and drive
innovation in chip design forward. Agile design is instrumental for the RISC-V community because it supports
rapid iteration, accommodates the evolving RISC-V standard and the addition of custom extensions, improves
community collaboration and time-to-market, and addresses the design challenges associated with complex archi-
tectural features.

Among significant innovations based on agile hardware design is the recently announced XIANGSHAN RISC-V
core which is currently the highest performing RISC-V out-of-order microprocessor core with single-thread per-
formance exceeding both existing RISC-V cores and a state-of-the-art ARM core, Cortex-A76. The creators of
this platform have published their agile design methodology in a flagship computer architecture venue, MICRO,
with a paper that has been selected through peer review to be among the best dozen papers in all of computer
architecture in one year for publication in IEEE Micro Top Picks.

A key contributor to this breakthrough has been integrating hardware verification into the agile methodolo-
gy. Hardware verification is crucial in designing digital platforms, as it ensures that semiconductor chips operate
correctly and reliably according to the architecture specifications. Verification guarantees compliance with stan-
dards, and helps detect and rectify design errors, validate system-level functionality, optimize performance and
power consumption, and enhance hardware reliability and safety. It plays a fundamental role in creating robust
and dependable CPUs that meet the requirements of various applications and workloads.

Source: Babak Falsafil
2092
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Babak Falsafi

Professor, EPFL
ACM/IEEE Fellow
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% Agile Verification is Challenging

CHISEU
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-
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Agile Design
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N[
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Agile Verification

Hardware
Description
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Micro -
architecture

Existing EDA

Agile Design Agile Verification
Method Method

_ Functional

|

Verification I
vt | oo |

|

|

|

|

difftest
LightSSS WT

I Performance

I
I'verification RISG.V ,
Checkpoint KSpert I

Chisel- b |

based Functional Top-down
Warmup WSS I

prototypes

umd-memsys/

DRAMsim3 d d

im3: a Cycle-accurate, Thermal-Capable

VERILATOR EE:mZunuIator

Agile Verification
Tools 35



% MinJieLoop

Functional Verification Performance Optimization
Loop Loop
Test_ Bug Implementation Run Tests
Generation Detection

Troubleshoot Context Performance Performance
& Fix bugs Preservation Analysis Evaluation
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% XSGemb: Calibratedsem5 Simulator

¢dcemb

Simulator -based
performance

bottleneck analysis _
:> Simulator -based

Simulator -based feature %
s h i
feature review implementation

Simulator -based

calibration

design exploration

. J
RTL-based RTL PPA
e N i i
RTL-based feature review evaluation
performance
I k analysis -
L bottleneck analy ) RTL-based RTL-based &]

:> feature review I:> Feature

implementation

RTL-based
design exploration

37



4% MinJie Open & Agile Verification Toolchain

Alnfrastructureis the key outcome of the XiangShan Project
AOpen sourcdo benefit both academia and industry
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