20195 hERISC-Vitin

2iX (SERVE)
HERISC-VESHRFRFRBIIERS F S

KE BRR REF Figas F& KB &% 8=

2019.11.13

FORTEATR £H L Acd Ltit b g AR

itute of Computing Technology,Chin emyrnfS iences



7
LT

Hano AR RRS

[ BY JOHN L. HENNESSY AND DAVID A. PATTERSON

A New Golden
Age for
Computer
Architecture

P RISC
| RERERA it

BRI EIREF R HER




RXAFHE
(&Rt
BirX S TERE
E il
ol R

PRI RS

(QEMU. Spike)

©
©
®
() (c/c++gm)
®

FPGA
FRITA

®
®

©

EIpa
RTL/ChlseH‘tﬁf_’;

©



ERRISC-VAIFPGABBIFE A LS

ZIThR AR5
dﬁn fedora®

REOSPIIL
= EH1/0
hhIEsE /S FiBLE = IMEIEHIEE
A

Crser — FEo®
RISC-V/

FPGATSH:

RAKTH

& XILINX. @M ||||||||



S832IFRISC-VRIFPGARBIES

$iFPGAS

BFZyng BF{EHFPGA (T LBAWS FIAH &
AR SR AR P86 5 2e +1E 4
FPGAT: F IR F)
s Al {5EF AEIfsEFE
S elE | aeevie )| (FEUNRIDESESIP | (JEESCREAE : xSt
> =~ Sl SCIIERIEHIES ) B RTLIMEAERY )
AR S ZE ENVMe SSD Z ENVMe SSD e S
BT RS (FAR ) (PR ) i
RISC-VEEH Sz i Sz
LEBEEIEE FEUMNRE i FRONCE
=TH PULP HERO SiFive Freedom
BHEISR Gl lowRISC . UC Berkeley FireSim
UC Berkeley Rocket-Chip ETH PULP Ariane

*Xilinx Zynq : ZR—MNEREEA , 88— 1ARMAIEESEEZSoCHIFPGAR JRISIZ1E 5



FAIBFPGAIREIES LT BN

> {5

@RISC—V&L\E

S8 O E B I P aR R ESTIME h
HERAEFHENR (WSDR ) SHFRITIRIFR SR

»RISC-V4hIEES R B S5
Q?@%ME%&EIJEH’J SR

, Tore HA RS NECE

& | SUEARRE ﬁiJr%)”JI‘E/




Bk (SERVE)

HEMRRISC-VAESH RZ RRFEINGIFIRSS S

System Emulation and Prototyping for RISC-V Environment

3 SERVE.r 2

EFXilinx
PYNQ-Z2{[Epka

=N

3 SERVE.i 2

EFFIDUS
Sidewinder-100

=aetEsEhR

Sfﬂ”i rsc-v

3 SERVE.c 2

=RRSShR

(f5la/ERER )

_ SERVE.v -

IEDERS
ARSI

( LvNA)




SERVE.r : {EBk4SRISC- Vé?éfél?i ISIFES

FoRoAm |

BEEE
N \
<\use UART+,

t 12C SPI
[AR&?&%MJ [ ol ] AT b0
7 USB Jl_GEM

1 ARMizi] RVIES RViZIAMESE
RVILIEZES L DDRAy%E | #lsssrsaleehin

T

7ynq Rocket-Chip RV64GC Single/Dual Core @ 50-100MHz
QE St (UEHRABRLERZEIT)

l SR EAETHEHINERE (7iE)

- BB : MR(EET ¥ 1000
- {KI0FE : USBIZIEHE

o {1 J4E | FRRAER 1T
(;Ei: ], Bﬁ—% _E&)

- SAJSE | HIEERAARM
SoCHMIEH =S IPEEZ

- EE(EA : ThEdiE
LI MN s shirckeEph




SERVE.r : {kpkARISC-VEZ R RBIISTEFS

A A ,_’ ~ —_——
I)/E;\ EE/% \:— ii 53 _ . . .
he programs included with the Debian GNU/Linux system are free software;
the exact distribution terms for each program are described in the
mm*irg User Applications individual files in /usr/share/doc/*/copyright.

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

;““1??% root@rv-hfu-01l:~# uname -a
b S b B3 Linux rv-hfu-01 4.19.0-00056-g3735af2 #1 SMP Wed Jul 24 22:08:39 CST 2019 riscv64 GNU/Linux

TR BRI ELINUXPIGHER Debian ST R4t

— n
tnERERRRE
oot@rv-hfu-01l:~# ip addr show eth® DA RLERLES DA

P: ethO: <BROADCAST,MULTICAST,UP,LOWER UP> mtu 1500 qdisc pfifo_fast st )
é ] link/ether a6:b2:91:23:3b:e5 brd ff:ff:ff:ff:ff:ff :
¢$~ﬁﬂ1§( Linux Kernel inet 192.168.100.10/24 scope global etho C feB0::5116:5700: sefc: 1oacks
valid_Lft forever preferred lft forever IPv4 # : ;gg-;gg-;gg-ge

inet6 fe80::a4b2:91ff:fe23:3be5/64 scope link B, . T
(= |
SI1SiER Berkeley BBL or other boot loaders

valid_1ft forever preferred 1ft forever
oot@rv-hfu-01:~# ping 192.168.100.20 T R SRS MR 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 tt1=128 time=0.672 ms BARE . ... ... .. B ERTTERE
. bytes from 192. 168 100.20: icmp_ seq—z ttl= 128 time=0.542 ms &*5?5‘/#9’1 DNS J& €8 :
= ime=0

S IBEIZ Rocket w/ LvNA option

T E,Lljtlﬂ Gz Pl
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OpenOCD
Host

BEMN USB-JTAG
RISC-V GDB

USB-UART

iEiztBare MetaliZ= iR LinuxP3#%

free @free-ThinkPad-T450: ~fworkspace/pynq free@free-ThinkPad-T450: ~/workspace/pynq/riscv-0s-on-pyng/software/riscv-linux
gdb) load i section param, size 0x1e28 lma 0x107cfd38
Loading section .text, size Oxc2 lma @x10000000 ing section _ modver, size 0x20 lma 0x107d1b60
Loading section .data, size 0x34 lma 0x100010c8 i section .srodata, size 0x3b0 lma 0x107d1b8@
Start address 0x10000000, load size 246 i section .data, size 0x39fe@ lma 0x107d2000
[Transfer rate: 16 KB/sec, 123 bytes/write. i section __bug_table, size 0x5070 lma 0x1080bfe®
gdb) set $pc=0x10000 i section .sdata, size 0x298c 1ma 0x10811050
gdb) b _start i section ex_table, size 0x1880 lma 0x108dd610
Breakpoint 1 at 0x10000000: file baremetal.S, line 4. i section otes, size 0x3c lma 0x108dee90
gdb) c Start address Oxffffffe000000000, load size 6374900
Continuing. [Transfer rate: 246 KB/sec, 15624 bytes/write
. gdb) set $pc=0x10200000
Breakpoint 1, _start () at baremetal.S:4 qdb) d
- 4 jal main g :
G DB/ N db) s Delete all breakpoints? (y or n) y
X s () at baremetal.c:24 (D) L) SEEIE LR
g Hardware assisted breakpoint 2 at Oxffffffe@00000650: file /home/free/workspace/

ngb) n U LETDB pyng/riscv-os-on-pyng/software/riscv/linux/init/main.c, line 536
7

2 for(i = 0;array[il;i ++ (gdb) disp/5t $pc

(gdb) { ’ YO0 ) 1: x/51 $pc

_putc(array[il); => 0x10200000: csrw sie,zero
0x10200004: auipc gp,0x612
0x10200008: addi ap,gp,-1972

(gdb) p array 0x1020000c: lui t0,0x6

$2 "\r\n\n\n", '*' <repeats 14 times>, "\r\n Hello World!\r\n", '#' <repeats 1 0x1020000e: csrc sstatus,tl®

4 times>, "\r (gdb) c

gdb) ¢ Continuing.

[Continuing.

28
gdb) p 1
31 = 0

Breakpoint 2, start kernel ()
at /home/free/workspace/pynq/riscv-os-on-pynq/software/riscv/linux/init/main
.c:536
free@Free-ThinkPad-T45 536 set_task_stack_end_magic(&init_task);
" " 1: x/51 $pc
RISC-V Execution in BootROM... > @xffffffed00000650 <start kernel+12>: auipc  a@,0x5d9
Passing Control to RISC-V Berkeley Boot Loader(BBL)... OxfTffffe@00000654 <start kernel+16>: addi a0,ald,1648
Oxffffffe@00000658 <start kernel+20>:
jal ra,0xffffffe@00035700 <set task stack end magic>
Oxffffffe@0000065c <start kernel+24>:
ek e ok ok e ok ko o jal ra,0xffffffe0000020be <smp_setup_processor_id>
OxTFffffe®00000660 <start_kernel+28>
Hello World! X = R
ok ok ok ok jal ra,d0xffffffe@00006522 <cgroup_init_early>

£
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Resources

Activities @) = Repositories 3 Pull Requests Roadmap Calendar Gantt

RISC-VIRRSH IR RSB IE R REFASERVE (System Emulation and Prototyping for RISC-V Environment) ifsafsEig & (SERVET) . Sitas
JE3BEI(SERVE). S1IR4ERTE! (SERVES) RRMIRSE! (SERVEC) SEMTRIMEES, WETRERAFEHTRISC-VIGEF RS RIDETE

AINEREK FARZMEISESTRRIRELI-BFEEWHREESN (LWNA) BISERVEVIRE, S3UEATRNRREIRSRE, FERBNVTITIETITT
=N

TFaEEE:

* SCHIRISC-VERHFAMIRT B4
« O7E EEEEETH ARSI A EESTEE
* TESFERISC-VEMESEE HiEfTiELinuiDebianE et S

SERVErFEETEAES, EFE. ETEHNREAPYNQ FPGAR-RIRE, FHBE BAEAr %, ERPREFERISC-VREBTFRARGA.,
SERVE.rE&{ERAFH

changyisong@ict.ac.cn

1k
AR
1. AEMAPYNQ 21822 ZIR &, FHEIR-FEanERIARENSDREA

2. fEE—SRMicroSD, HERSETEIGSD-REMISMbootE (FAT32) frootX (Ext3) KX

B8t sCie =iHub

€) ict-accel-team/SERVEr: The re X + -

&« > C @ github.com/fict-accel-team/SERVEr

Search or jump to... Pull requests  Issues Marketplace Explore

B ict-accel-team / SERVE.r | @ wtch~ | o || drsar | 0 H“ﬁ| 0

¢y Code | (Dlssues 0 I Pull requests 0 [ Projects o EAWiki @) Security [ Insights £ Settings

The reduced version of System Emulation and Prototyping for RISC-V Environment (SERVE) with Xilinx PYNQ-z2 board

| et |
Manage topics

D 3 commits ¥ 1branch D 0 releases 22 1 contributor
Branch: master = | ‘ New pull request ‘ Create new file | Upload files ‘ Find file ‘
‘;" chang-steve Update README Latest commit £31115f on 10 Aug
= bin bin: Add binary files that would be copied into the boot partition of... 3 months agao
[E README.md Update README 3 months ago
[EE README.md

.
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root@fidus-88

root@fid

root@ls H

Linux label-riscv 4.18 .0-ga57318a4-dirty #41 SMP ¥

The programs included with the Debian GNU/Linux sy Sshy&%
N\
=

the exact distribution terms for each program are
individual files in fus are/ ‘copyright.

Debian GNU/Linux comes with ABSOLUTELY NO WARRAN
permitted by applicable law.

Last login: Thu Feb 14 19 1

root@label-riscv [10:16:

v [10:18:58 ~/gcc-example] § 1s
v [18:18:58 ~/gcc-example] § vim hello.c
roct@label-riscv [18:19:29 ~/gcc-example]l $ cat hello.c
#include <stdio.h=
e x ; int main{) {
ii{i:i_giis :ggggggg printf("Hello Labeled RISC-VI\n");
) return 8;

1 1 1-pei ~
x1linx- pcle 48880080 .ax1 No bus range found for /amba_pl@@/ i Ccé 2
xilinx-pclie :ggggggg L P[‘;E: E};?EGQ?BBGt agﬂf;;;;fgé’ ax7e4 root@label-riscv [10:19:33 ~/gcc-example] $ gee hello.c g HH.L:I:
e - e - 2 - g:‘_ rlfge 0 bus root@label-riscv [18:19:41 ~/gcc-example] & ./a.out
- : root bus urce [bus 88-ff] Hello Labeled RISC-V!

- root bua urce [mem @x70000000-0x7TTTffff] roct@label-riscy [10:19:44 ~/gcc-example]l §
-+ i 6000:00:00.0: : igned [mem 0x70000080-0x73ffffff 64bitl ¢ : 1944 ~/g pe s
E 1 60008:80:08. igned [mem 0x74808088-8x740fffff] i root@label-riscv [10:20:08 ~] $ python3
8000:01:008. 1gned [mem 0x74000080-0x74003Tff 64bit] Python 3.7.4 (default, Jul 11 2013, 108:43:21)

i 8600:00:00.0: PCI br].dge to [bus @1] [6Ce 8. a] on linux
0000:60:008. bridge window [mem 0x74000000-0x740Fffff] Type 'help , "copyright®, "credits® or "license® for more information.
nvme nvme@: pcl fumctlon 0008:01:00.0 =>> print{"Hello Labeled RISC-v!"}
Hello Labeled RISC-V!

Started Remove Stale Onlin.|ext4 Metadata C > - N—/—
. ilabel-risc 1208 ~1 g
Reached target Graphical Interface. root@label-miscy 119:20:26 -1 ¢ lE{T python
Starting Update UTMP about System Runlevel
Started Update UTMP about System Runlevel C

. N\ Debian GNU/Linux bullseye/sid label-riscv hvce
Deblan label-risev login: root

Password:
yé% Last login: Thu Feb 14 18:16:45 UTC 2019 on hvce
\ =2z - y Linux label-riscv 4.18.8-ga57318a4-dirty #41 SMP Wed

roct@label-riscv [18:20:52 ~/java-example] $ 1s
Hello.java
root@label-riscv [18:20:56 ~/java-example] $ cat Hello.java
public class Hello {
public static void main{String[] args) {
System.out.println{"Helle Labeled RISC-V!")}

1
T

}
root@label-riscv [18:21:84 ~/java-example] $ javac Hello.java
root@label-riscv [18:32:41 ~/java-example]l $ java Helle
Hello Labeled RISC-V

root@label-riscv [18:23:89 ~/java-example] $

The programs included with the Debian GNU/Linux syst
the exact distribution terms for each program are de
individual files in fusr/share/doc/*/copyright.

N\

L]

Cpu | nfo Debian GNU/Linux comes with ABSOLUTELY NO WARRANTY,
permlttEd by-appllcable TLaw' - [13 8 ~]s 'h'Le hello-x86-native

EAm EOOE@IBbEIéFISCV [10:15:21 1 ¢ cat /pFUCZfC:pU1nf0 ELF 32-bit LSB executable, Intel 88386, version 1 (GNU/Linux), s
ar H

HJ ) isa - rv641imac [19:33:2.6 ~1 ¢ ./gqemu/1286-l1inux-user/gemu-1386 hello-x86-native
vorld a(n) x86

root@label-riscvy [18:3 .
hello-xa6- natlve sa-example microbench-x86-native nexus-am gemu

mmu 1 svag
uarch : sifive, rocketd

World x86

World : x86 % j’

wWarld E X86 I I l
world £ x86 q e u
rr‘Ld f x86

={TX86TEFF

root@label-riscv [19:15:27 ~] % 13
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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 (CompEd2019), May 2019, Chengdu, China
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| Labeled RISC-V FPGARRUESEE | | GF 14nm ASIGREIFHEER |

. rocketizi’y * 4 . Slow Corner, 0.72V, 125C
. 16KB L1 1%, 16KB L1 D$, 2MB L2% . ZMnE1.25GHz

. FIKLAK R . L2 CachejiZR625MHz

. Aiz{TRedis. Memcached& i FE e HAEFHLI9MM x 1.7mm
- SFIRSIF B RITERRIEEAR mn
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Yungang Bao, Sa Wang, Labeled von Neumann Architecture for Software-Defined
Cloud. Journal of Computer Science and Technology (JCST), 32(2): 219-223, 2017. 16
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RN FEZEA . #8HIRedHatfZiEFedora
RedHat TiEIPii2 & R {EH A B i#H{TFedoraf B &

XH = SERVE.c + SERVE.v

1 Started Permlt Uaer 59551ona
Starting Terminate Plymouth Boot Screen...
Starting Hold until boot process finishes up...
[ 0K ] Started Terminate Plymouth Boot Screen.
[ oK ] started Hold until boot process finishes up.

Welcome to the Fedora/RISC-V disk image

of https://fedoraproject.org/wiki/Architectures/RISC-V
;}fgyy‘TbeFedoriRSE§f@?5f9fR§FV Build date: Wed Jul 2 20:19:49 UTC 2019

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

To install new packages use 'dnf install ...®

To upgrade disk image use 'dnf upgrade --best:®

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

For updates and latest information read:
https://fedorapeople.org/groups/risc-v/disk-1images/readme. txt

Fedora/RISC-¥

http://fedora-riscv.tranguillity.
¢ http://fedora-riscv.tranguillity.
Distribution rep.: http://fedora-riscv.tranquillaty. /repoa dist/
Koji internal rep.: http://fedora-riscv.tranquillity.se/repos/
[ 230.410000] tx irg =
[ 230.410000] rx_irg =
fedora-riscv login: root
Password:
[root@fedora-riscv ~1# passwd

RedHat TH2!mEHITERT £ X & bR IhERFedora
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