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40 years of Processor Performance

100000
St Apple A12
10000 the single thread
2 " B:¥2 performance
h (RISC ISA)
X 1000 =
- &AL x86 Skylake
% 2X/ single thread
e 100 6 yrs perf (SPEC),
E e (12%lyr) at much
2 lower power,
E 10 A 2X11.5 AnandF:‘ech
2X/3.5yrs yrs
(22%lyr) 10/8/18

(52%lyr)

. 480 1985 1990 1995 2000 2005 2010 2015

David Patterson, A New Golden Age for Computer Architecture: History, Challenges, and Opportunities, 2018
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Matrix Multiply Speedup Over Native Python

100000 > ® yﬂﬁ%*"‘ﬁk‘ﬁ‘#

10000 I'E ;IQ'Q?
i . 530001 o FE{HNMEES
10 : ' o Domain

Specific

Python C + parallel + memory + SIMD
loops optimization instructions

Architecture

David Patterson, A New Golden Age for Computer Architecture: History, Challenges, and Opportunities, 2018
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® RISC-V: [F#EIPREAFHIFIMIRIV
« RIS C

Instruction Sets Want to be Free!

Field Standard | Free, Open Impl. Proprietary Impl.
Networking Ethernet, |Many Many

TCP/IP
0S Posix Linux, FreeBSD M/S Windows
Compilers C gcc, LLVM Intel icc, ARMcc
Databases SQL MySQL, Oracle 12C,

PostgresSQL M/S DB2

Graphics OpenGL Mesa3D M/S DirectX
ISA 2 | x86, ARM, IBM360

OSSO TRIBUISARIRFINE, #e/FFRastsE
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Front End: Design msss» Netl st

" Language | Synthesis | Simuiator | verication i

Verilo || Chisel, PyMTL,
PYRTL,

ga

VHDL MyHDL
Back End: NetList === GDS Layout

piacement ] Routing | SttcTmingAnaiysis | _Layout |

OpenTimer,
OpenSTA

— RO R A/20F ik

Graywolf,
RePLAce
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Qrouter,
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Tool Chain
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o WEBSANEHH%IES Chisel

o Constructing Hardware in an Scala Embedded Language

Chlsel

-
=] Ei

Chisel FIRRTL o] 4ZEIMELR
s =l JEEEVerilogftig

FIRRTL
JRIE e




FAEENILL

o HENESS: BuESCIIL2 Cache, EARISC-V

—= (EH#ngXilink Cache BINHBChisel FA£&W
FFERTC EHRTE BUEA A
HRIES Verilog Chisel

BEERAEE & BiFR/ME 2 (EAChiselFEfILabeled
K13/ MRERE  URIRE(EZRZI3E)  RISC-VIIB BRI IAE

[EER

BRUCES/1T

% b oo oo A [FaZ%Linux,
R BRHBAIERsILiInuX S DMAZ AL T

. FRHBES!
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HF&RBREXILL

-

o it5—&ChiselZEMNERIAARIEE

1% TAZ DRI ORRRF S

o Vivado 2017.01, FPGA BI= xc7v2000tfthg1716-1

- Chisel Chisel-opt
9| (EEER (EBRISESE)

Frequency/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%)

o BIERAREARIERALRSE
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Practice of Chip Agile Development . Labeled RISC-V

Yu Zihao'* . Liu Zhigang"”. Li Yiwei"”. Huang Bowen' . Wang Sa'”. Sun Ninghui"”. and Bao Yungang'**

Y(State Key Laboratory of Computer Architecture (Institute of Computing Technology. Chinese Academy of Sciences) .
Beijing 100190)

“(University of Chinese Academy of Sciences. Beijing 100049)
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— Berkeley’s FireSim, fajEEMe=LEr

FERSERE
27% 88%

- ERXEZFEE: 2it5sCIl
FPGAZ=EES

e HIE2018/20195FFB1T 20041 ER}
KARAERIT BN H R RIESCIS —

o HEII3LWNFER A=W ¥ ['
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RETEFRTEVEF IR SINACM SIGCSE 2019, ERIASR. ARSI

Zhang et al., Computer Organization and Design Course with FPGA Cloud, SIGCSE, 2019.




@ T Ei%: OS, Compiler, ...

. REFZIFHN=1NER
— HEMGH (Linux, LLVM): extended ISA, sensor drivers etc.
— INBEERMY (Linaro): languages, libraries, JVM, DBMS etc.

— EEBPR/EFES (Android): APIs, Ul etc.

dN>o=0ID

COMPILER INFRASTRUCTURE

Image Source:


http://events17.linuxfoundation.org/sites/events/files/slides/From%2096Boards%20to%20the%20Cloud.pdf
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% (SERVE): RISC-VRGRRAIMERSFE

System Emulation and Prototyping for RISC-V Environment

SERVE o risc-y
§ SERVE.r 2 SERVE.i S SERVE.s St SERVE.c 2iEI S A0

EHTF Xilinx EFFIDUS S8 emm =IREIR RSB EFES

PYNQ-ZZ{EEEEK Sidewinder-100 "y Mok Y= ap— W%f&f@#&ﬁ
*%ﬁiﬁ%&ﬂﬁ %‘&ﬁ&i‘é‘?ﬁﬂﬁ (*Eﬁaﬁ/% &Elﬁ%ﬁ) (*El%ﬁ/%ﬁﬁuE) (LvNA)




System Emulation and Prototyping for RISC-V Environment

SERVE -wrisc-

3 SERVE.r

EFXilinx
PYNQ-Z2{EmiA
BEE AR

L SERVE.i

EFFIDUS
Sidewinder-100

= EREIERAR

g SERVE.s 2

ST REEFIR
(f58)/ S MERESRET)

3 SERVE.c 2

ZHRIShR
(fBE/EERER)

_ SERVE.v -

mEWEERS
ARRGHRRA
(LvNA)

BT HEMERISC-VESH

FPGARFINRAREEIRS TS




SERVE.r: {EpE4ARISC-VREFFRRISITFES

he 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 /usr/share/doc/*/copyright. ;::EﬁDebian

Debian GNU/Linux comes with ABSOLUTELY NO WARRANTY, to the extent f
permitted by applicable law. 214:'%5
root@rv-hfu-01:~# uname -a

Linux rv-hfu-01 4.19.0-00056-g3735af2 #1 SMP Wed Jul 24 22:08:39 CST 2019 riscv64 GNU/Linux

oot@rv-hfu-01:~# ip addr show eth® ST
P: ethO: <BROADCAST,MULTICAST,UP,LOWER_UP> mtu 1500 gdisc pfifo_fast stg ARSI BLAK:
link/ether a6:b2:91:23:3b:e5 brd ff:ff: ff:ff: ff:ff ISR DNS J5EE . . . . . . .z
inet 192.168.100.10/24 scope global eth@ Achubid IPv6 Huit : fe80::511e:57d0:aefc:leac%6
valid_1ft forever preferred_lft forever IPv4 ik : 192.168.100.20
inet6 fe80::adb2:91ff:fe23:3be5/64 scope link ;‘,\Ei,%f : 255.255.255.0
valid 1ft forever preferred 1ft forever AR s s
oot@rv-hfu-01:~# ping 192.168.100.20 HLLFRRPERC S Az 1:
PING 192.168.100.20 (192.168.100.20) 56(84) bytes of data.
b4 bytes from 192.168.100.20: icmp_seq=1 ttl1=128 time=0.672 ms BARE .. .0 000 e e e HWE.B@TTF:Q-E
- bytes from 192 168 100 20 1cmp 5eq-2 ttl= 128 time=0.542 ms HEERFEA ODNS FE . . . . . . Lt
a . ime="0

?J lyL)d(lﬂ ARl

SERVE - risc

Fai5EEcE

(%I MG, (KRkA. {KINEE. RiEBRKED
- mJfitE&ERocketE/ Xz @50-100MHz
o IMETEIZIEHIEE (R O/LIAR/SD/EHEUSBE)
- AJf EFPGAIMEIZIEIPSHDMIZEREO
. Linux v4.19A% + Debian OSHTXED
o RIEFREREBERFNANEEREFAZ

RO
BERE | ) | ) | J

TR
TWERRFE | ]
B

5|1 SEF Berkeley bbl or other boot loaders
SbIERESIZ Rocket w/ LvNA option

FRA S R AR LI




SERVE.r: {RELARISC-VLEZFEBISTEES SERVE orisc.+
g FEFURE

«“ ‘:.Lfy“: s = o {RIJHE. (RREAE. (KINFE. HEBREN
- AJfigERocketE /X iz @50-100MHz

o IMSIEIZIEHIEE (R O/LIKR/SD/£1EUSBE)

- OJi BFPGAINEZLIEIPSHDMIEREO

. Linux v4.198#%+Debian OStTX&EZD

s REFHEERIERFEANBEREFA

he programs included with the Debian GNU/Linux system are free software;

the exact distribution terms for each program are described in the

S = ; ; . . 3 s
individual files in /usr/share/doc/*/copyright. tﬁDEblan

W = User Applications
Debian GNU/Linux comes with ABSOLUTELY NO WARRANTY, to the extent xﬁ:gﬁ HH%EJ%_ -
permitted by applicable law. = T;Tg{’lflz%éfﬁ

roant@Rryvy _hFii A1 - _H# nama ~

AFRESHARE G2 tEE, BUEISIERIRAIEE



SERVE.rEEERF TS FAIRIMTH SElEarse

W SERVEr: EEZRERISC- X | +

€ (& https://code.ihub.org.cn/projects/373 c Search wBa ¥ & 9

& iHub == : B2 T

chang-steve / SERVE.r: $&&ERERISC-VFHEG AR

HRGRIIER FEIY S

Activities @) = Resources Repositories 3 Pull Requests Roadmap Calendar Gantt

RISC-VIFES gt BESBUAE BFRIELSERVE (System Emulation and Prototyping for RISC-V Environment) @sEEZRE! (SERVEN) | Sitas

HE3EEY(SERVED), ST5m5&8E (SERVEs) REUREE (SERVE.C) SEMTEAIERA, RETRZEEAFHTRISC-VEEERFRDAIZIT REIET

EHESVER, RMEHTIEEERERESDGEREEEREENE (LUNA) BISERVEVIER, EREATFENEMTFNREES, MENERTHREPITE
ElE.

FEEERR:

o SCHIRISC-VEE{E RESRVIRY Hia
o O7f FEEEESE T RS TFE EEEEl
o TEFERISC-VaERRE biniTiRELInuxFIDebianEERmE4GES

SERVEIF&ETRAAL, KD, EFEFHNEAPYNQ FPGAIRRIEEE, FHETBRMERLZE, EEPREAERISC-VEEFREESTA,

SERVE.rE&{EAFik

changyisong@ict.ac.cn

1=
(EAZE
1. FEEPYNQ 212 BRI R, FHR REREIERNSD ER

2. EE—SRMicroSD+&, FHERS XTI EIFSDREISAbootK (FAT32) 1 rootX (Ext3) oK




PCle
S il

B3

Debian

. )
cpuinfo

4

SERVE.i

PCIe Link is UP
host bridge lamba_pl@elaxl pcle@70004
No bus range found for samba pl@Ee/d
MEM ©x70000000..0x7FFFffff
5 PCI host bridge to bus ©e66:00
bus resource [bus ee-Fff]
bus resource [mem ex70000000-0x7fffffff]
©: assigned [mem 0x70000000-0x73ffffff 64bit]
assigned [mem @x74000000-0x7a0ffff
assigned [mem 8x74000000-0x74803fff 64bit]
bridge to [bus 1]
ridge w;ndow [men 8x74000000 -axFa0fffffl

[ oK ] started Remove Stale Onlin.|ext4 Metadata C
[ oK | Reached target Graphical Interface.
arting Update UTMP about System Runlevel
started Update UTMP about System Runlevel C
Debian GNU/ ux bullseyessid label-riscv hvce
v login: root

Last login: Thu Feb 14 10:16:45 UTC 2019 on hvc@
Linux label-riscv 4.18.0-ga57318a4-dirty #41 SMP Wed

Debian GNU/Linux comes with ABSOLUTELY NO WARRANTY,
v [10:15:21 ~] $ cat /proc/cpuinfo
rv64imac
sv39

sifive, rocketd

root@label-riscv [18:15:27 ~] %

STEEERISC-VEEATES

tribution terms for h program are
individual files in fusr/share/doc/*/copyright.

included with the Debian GNU/Linux ;z:&
ibut : SSh&ER
>

Deblan GNU/Linux comes with ABSOLUTELY NO WARRAN

37 2019
1s

root@label-riscv ~] § cd gec-example/

root@label-riscy ~/gcc-example] § 1s

root@label-riscvy g ~/gcc-example] $ vim hello.c
~/gcc-example] § cat hello.c

printf(*Hello Labeled RISC-VI\n");
return 0;

}

root@label-riscy [10:19:33 ~/gcc-example] § gee hello.c
root@label-riscv [18 41 ~/gec-example] § ./a.out
Hello Labeled RISC-V

root@label-riscv [10 :44 ~/gcc-examplel §

root@label-riscv [10:20:008 ~] § python3

Python 3.7.4 {(default, Jul 11 2019, 18 21)

[6cC 8.3.0] on linux

Type *help®, *copyright*, “credi or “license* for more information.
>>> print("Hello Labeled RISC-V

Hello Labeled RISC-V!

root@label-riscv [18:20:28 ~]

reot@label-riscv [18:20:52 ~/java-example] s 1s
Hello.java
root@label-riscv [10:20:56 ~/java-example] $ cat Hello.java
public class Hello {

public static void main(String[] args) {

System.out.println(*Hello Labeled RIS

}
i
root@label-riscvy [10 ~/java-example] § javac Hello.java
root@label-riscv [18 ~fjava-example] $ java Hello
Hello Labeled RISC-V
root@label-riscv [10:33:00 ~/java-example] §

ot@label-risev [10:33:14

c-example hello-x i ample microbench
root@label-riscy file hello-x86-native
hello-x86-nativ i

E

root@label-riscv
world from
world from

Z{TX86FZF

viorld from x j‘

world from x86 q el I I u
World from x86

o World from

SERVE orisc



SERVE.s: SEEfIARISC-VRRGRL o

« SEERZ MBI TVETIKLAKIIZE
EHiZERJSERVE.raiSERVE.s T 5

- (EFFZ ARHEIMFRERISC-V
RIFREGUE

« HFDebian&d7s, THEFT
TRIZING

Ke Zhang, Yisong Chang, Mingyu Chen, Yungang Bao, Zhiwei Xu. ZyCube: An In-House Mini-Cluster for Agilely
Developing and Conducting Computer System Course Projects (Poster), in the Proceedings of ACM Global
Computing Education Conference 2019 (CompEd2079), May 2019, Chengdu, China



SERVE.c: =FLFRARISC-VREFHTFL SHlorns.

ET R ccaleour | (REESFPGA) (* IREEIIARA
7 x 24/ el BEEER SR S=IHE
IR : SiNEAS RIS

32T
Zynq
FPGAH/YJ
RISC-V

ERAETH

FSSR D ES aEE ﬁﬁ#ﬁﬁxéﬁ% RV-Prototype-
MR RIR (KIh#E *DE#E;‘HE\‘. as-a-Service

Ke Zhang, Yisong Chang, MingyuChen, YungangBao, and ZhiweiXu. 2019. Computer Organization and Design Course with
FPGA Cloud. In Proceedings of the 50th ACM Technical Symposium on Computer Science Education (S/GCSE2079). 927-933.



SERVE.v: IFEILDIRKSBREBLINA “F

Labeled RISC-V FPGARB R FificE GF 14nm ASICHR R EER
. rocketiz/!» * 4 . Slow Corner, 0.72V, 125C
. 16KB L1 1%, 16KB L1 D$, 2MB L2$% . ZIBiER1.25GHz
- FIKLAKKY . L2 Cache}iZk625MHz
. Linux v4.18A% - SAEEFRT.IMM x 1.7mm
. Oiz{TRedis. MemcachedZ&i | -

- G aIERREERAR

2T
FIDUS

WRREE

Yungang Bao, Sa Wang, Labeled von Neumann Architecture for Software-Defined Cloud.
Journal of Computer Science and Technology (J€ST), 32(2): 219-223, 2017.



PRI ARG : FAJRIFRMESIISEIeHH TR

SERVE orisc-v
157£ SERVE.i 5% SERVE.v tFH
B S
T
- Bugfgg& - BlFRES RIE L
- FIRRTLgmiF48EbUg - EBREFFHEAIO0OREELIT
- RASgEEbug - BatRBEFSEND
- BOOMAILSQIBEEbuUg - ZbankgEFaatE
- LSQRFAREY
- EFERGH
- RS IR > R ISEFR 15k
_ DRRIPKBESESHREE - EFLock-stepfIEHD A
- Non-blockingBJiFRKUARREF - BOOMBIMT=4F
- L1/LLCTREY - Bahmkeigite

- Load-to-usezEiR{fAY, .



RN EZEG: FEHIRedHatiZiEFedora

SERVE orisc

» RedHatIfEIhziZER{ERANEHBTTFedorafiizia

XH = SERVE.c + SERVE.v

ser Sessions.
) Terminate Plymouth Boot Screen...
g Hold until boot process finishes
Started Terminate Plymouth Boot Screen.
1 started Hold until boot process finishes up.

Welcome to the Fedora/RISC-V disk image
https://fedoraproject.org/wiki/Architectures/RISC-V

Build date: Wed Jul 3 20:19:49 UTC 2819

Hlstory .T.h.e Fedora bootstraps for RISC.v

Kernel 4.18.8-ga57318a4-dirty on an riscv64 (hvca)
The root password 1s ..riscv...

To install new packages use "dnf install ...°

To upgrade disk image use "dnf upgrade --best'

If DNS 1sn..t working, try editing ../etc/yum.repos.d/fedora-riscv.repo...

.5 j'll
Distribution rep.: /fedora 3 anguill se/repos-dist/
Koji internal rep.: http dor: r.tranquillity.se/repos/
[ 230.410000] tx 1rg =
[ 238.410000] rx_1
fedora-risev login:
Password:
[root@fedora-riscv ~1# passwd

RedHat T#2MZ G+ &R EXE LRI ERFedora



EHFEAENHFESoCERERRA
RV64GIESEE, Bt%, S%kaadum/K, 32K/32K L1 Cache
ChiselEEH A&, HMAXISRAKIRESEEIRIT
TKEAT SR, FITFZEEIEE
BV UIEFE
HFRTEIMNE (SDRAM/SPI Flash/MAC/SDHC/GPIO)
SMIC 0.11TumIZ, FAEDA/FHREDANGIHIZITH IR

S&ILinux, 1517552 Debian/Fedora

HIRFFERTLIRHE. GubFEe. ¥IEIRITHEA
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	开源生态与计算机系统教学
	计算机系统方向人才�从来没有如此紧缺！
	 摩尔定律逐步放缓
	领域专用体系结构兴起
	幻灯片编号 5
	幻灯片编号 6
	现状：优秀人才储备严重不足
	降低芯片设计门槛�是人才危机一种破解之道
	国外的经验
	降低芯片设计门槛，推动产业变革
	芯片设计门槛极高
	能否降低芯片设计门槛，实现……
	开源软件的成功经验
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