OSSDEVCONF-2019 Bz HyK1UTa EpMaKos



BpemeHHaa nanHuna RISC-V

1990 2010 2014 2015 2019
® @ @

DLX

32 bit

RISC

Bi-endian

32 obwmnx pernctpa (RO = 0)
32 FPU peructpa
AKagemMunyeckume uenu

FPGA

https://www.csee.umbc.edu/courses/undergraduate/411/spring96/dix.html

Format Bits

31 26|25 21|20 1615 11(10 6|5 o
R-type 0x0 Rsl Rs2 Rd unused || opcode
I-type opcode Rsl Rd immediate

J-type opcode value

® 6 6 O 6 O o

| il y
b o

David Patterson John Hennessy



https://www.csee.umbc.edu/courses/undergraduate/411/spring96/dlx.html

BpemeHHaa nanHuna RISC-V

1990 2010 2014 2015 2019
O @ O O @o—
Ha4dano RISC-V

Jletom 2010 roga HavaTa paboTa Han nepson
Bepcmen RISC-V ISA

RISC-V ISA 6bina npegHa3sHa4vyeHa g
obpa3oBaTesibHbIX N aKaeEMNYECKNX Liesnen

https://www2.eecs.berkeley.edu/Pubs/TechRpts/2014/EECS-2014-146.html

Yunsup Lee Andrew Waterman


https://www2.eecs.berkeley.edu/Pubs/TechRpts/2014/EECS-2014-146.html

BpemeHHaa nanHuna RISC-V
2010 2014 2015 2019

@ o—@ @o—

HOtChIpS 20 https://riscv.org/2015/08/risc-v-at-hotchips/

‘ instruction sets want to be free

BRISCY Vet S )


https://riscv.org/2015/08/risc-v-at-hotchips/

BpemenHaa nnHuna RISC-V

1990 2010 2014 2015 2019

O O O O
RISC-V Foundation

@—

P Alibaba Group .:)antmlcro Antmicro ok Berkeley Architecture Research
PLATINUM FOUNDING PLATINUM FOUNDING PLATINUM
bluespec Bluespec cortus Cortus Go gle Google
FOUNDING PLATINUM FOUNDING PLATINUM FOUNDING PLATINUM
. Huami Microchip Technology asicron  Micron Technology
hLl_a_leI PLATINUM MicRocHIP ~ FOUNDING PLATINUM PLATINUM
S NVIDIA X NXP orions»R  Orion
@ LR B
FOUNDING PLATINUM PLATINUM PLATINUM
NVIDIA.
Qualcomm  Qualcomm Rambus Rambus Inc. SAMSUNG  Samsung
FOUNDING PLATINUM FOUNDING PLATINUM PLATINUM
Gp#=sws  Sanechips Technology Co. B siFe SiFive ciaen  Thales
PLATINUM FOUNDING PLATINUM PLATINUM
wesemoigal  Western Digital https://riscv.org/members-at-a-glance/

FOUNDING PLATINUM


https://riscv.org/members-at-a-glance/

BpemeHHaa nanHuna RISC-V

1990 2010 2014 2015 2019
@ @ @ @ @
Cenvac
* 32/64/128 bit R
. RISC RISC-V
+ Little-endian
¢ 32 obwmx peructpa (x0 = 0)
+ 32 FPU peructpa (F,D pacwumnpeHuns) User Privileged
* FPGA, ASIC
31 27 26 25 24 20 19 15 14 12 11 7 6 0
funct7 rs2 rsl funct3 rd opcode R-type
imm|11:0] rsl funct3 rd opcode [-type
imm|[11:5] rs2 rsl funct3 | imm[4:0] opcode S-type
imm|[12(10:5] rs2 rsl funct3 | imm|4:1|11] opcode B-type
imm |[31:12] rd opcode U-type
imm|[20(10:1]11]19:12] rd opcode J-type




YpOBHU NpuUBUNErUW

YPOBHW MPUBUIET A NO3BONAIOT 3aMpPeTUTb BbINOJIHEHNE ONepaLnuii He
npenHa3HavYeHbIX A75 3a4aHHOro YPoBHSA 1 obecnevynTb 3alnTy Mexay

Pa3HbIMN KOMIMOHEHTaMW MNMPOrpaMMHOIo CTeka.

4096 control and status registers (CSR)

Level | Encoding Name Abbreviation
0 00 User/Application U
1 01 Supervisor S
2 10 Reserved -
3 11 Machine M

M - npocTble embedded cucrtemsi
M+U - 3awnuwéHHble embedded cuctemsl

M+S+U - Unix-

like OS

YpoBeHb rmnepsur3sopa
(B pa3paboTke)



-~ KomaHpgbl nepexopa » jal, jalr,
beq,
RV32| Pabota c mamatbto > |w, Ibu, sw, ...
-~ bappeppr » fence.i, fence
- CGR >  CSITW, CSITS, ...

-~ ToO4kwn OoCTaHOBa M BbI3OB Cpeabl »> ecall, ebreak

- UenoyucneHHas apugpmetnka - » addi, ori, xori, ...



RV32E yMeHblleHHasa konna RV32I

* Yncno perncTtpos yMmeHbLIeHo 00 16

* PerncTpbl CHETHYMKOB LIMKJIOB, BbIMOJIHEHHbIX
NHCTPYKUUW N TanMepa bonblue He 9BASAI0TCSA
obs3aTenbHbIMN ONS peanmsauunu.

 RV32E moxeT 6bITb NCMOJZIb30BAHO TOJIbKO C
pacwmnpeHnamm M (multiplication), A (atomic) n C
(compressed).

https://github.com/lowRISC/ibex

* MNpumep sappa: Ibex (lowRISC)

k5mart Phone

¥ Mabile Phones

OO

J@l

Machir

Embedded
Systems

* Digital Signage


https://github.com/lowRISC/ibex

RV64|

 Pa3smep perncTtpos yBesinyeH c 32 Ao
64 ouT

« [obaBneHbl MHCTPYKLUUN C
noctdukcom W ons paboTbl CO
3HAKOBbIMU 32-ONTHBLIMU YUCNaMW

« ObslacTb NpUMeHeHUs: cepBep,
OeckKTon

RV128I

Pa3mMep perncTpoB yBeJsIn4YeH C
32 no 128 out

HNobaBneHbl NHCTPYKLNN C
noctukcom D ansa paboTskl CO
3HaKOBbIMU 64-BNTHLIMU
yncnamm (+RV64lI)

Ha OaHHbIA MOMEHT B
pa3paboTke

CynepkoMnbloTepb!

10



o N U M o =

3aBepLlUeHHble paclunpeHna

YMHOXEeHMe U aeneHune uenblx Yyncern

ATOMapHbIe onepaunu

Yncno c niaBawoLwen 3anaTonm oaNHAPHOW
TOYHOCTW

Yncno ¢ naasaowen 3anaTon ABONHON
TOYHOCTMU

CxaTble 16-6UTHbIe MHCTPYKL NN

Yncno c nsaBawowWen 3anNaTon YeTBepHou
TOYHOCTMU

IMAFDC (GC)
Linux coBMmecTnmMmasa ISA
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CuMynaTopbl

https://github.com/mortbopet/Ripes

> RIPES
(RISC-V pipeline simulator &
assembly editor)
https://github.com/mortbopet/Ripes
> RARS
(RISC-V Assembler and Runtime
Simulator)
https://venus.cs61c.org/
> Venus
(RISC-V instruction set
simulator built for education)

WHAT IF WE ARE ALL JUST
A COMPUTER SIMULATION

W

AND 'I'HE SPEED OF llli!'l' LS’ THE
IUM,SPEEDOETHE'CPU

12


https://github.com/mortbopet/Ripes
https://github.com/mortbopet/Ripes
https://venus.cs61c.org/

addi x1 x1 -1346

https://github.com/mortbopet/Ripes
Rl PES lui x2 912092

Source code Assembly ’
11i x1, Oxcafebabe Llui x1 831468 > r:
21i x2, Oxdeadbeef 2addi x1 x1 -1346 '
3add x1, x1, x2 3 lul x2 912092 ) C
A4addi x2 x2 -273 | S
Sadd Xl Xl Xz Instruction '.Rgdt 1 e Read
PPCE—M " emory ¢ IFID ¢y Rgdt I dats 1
 5-ypoBHEeBbIN KoHBelep (RV32IM) i } ~ —n-:gzt RIS s
* [pachunyeckoe oTobparkeHne KoHBenepa @
D iee )
e C++ & Qt T
e JlnueHsna MIT i
https://packages.altlinux.org/ru/sisyphus/srpms/ripes i
» [lakeT cobpaH B Sisyphus |

13


https://github.com/mortbopet/Ripes
https://packages.altlinux.org/ru/sisyphus/srpms/ripes

RARS https://github.com/TheThirdOne/rars

Source code

riscvl.asm |
1 1i t1, Oxcafebabe >

2 1li t2, Oxdeadbeef
3 add t1, t1, t2

RV32IMF

* Java

JInueH3na MIT

MakeT cobpaH B Sisyphus

https://packages.altlinux.org/ru/sisyphus/srpms/rars

¢|[ Control and Status |
Text Segment ; Registers I Floating Point |
Bkpt| Address Code Basic Source Az Hame Humber o V;!ESGGGGGOH
; 000400000 Oxcafec337|lui x6, Bxfffeafec 1: 1i t1, Gxcafebabe : ra 1 2x00000000|
L] | GxGed 4| Oxabe30313/addi %6, x6, Oxfffffabe : sp 5 k7T feffe|
[ | ox00400008 Oxdeade3b?|lul x7, Gxfffdeadc 2: 11 t2, Gxdeadbeef : ap 3 x10088000|
L] | ow0e40008c Oxeef38303addi «7. %7, Oufffffeef : tp Pl Ex0E000000|
L 000400010 Ox00730333add %8, %6, x7 3: add t1, 11, t2 10 5 0){00000000l
At1 [¢] 0){00000000l
Atz 7 0){00000000l
“s0 g 0 BOR0GE0E|
“ls1 g O BOR0EE0E|
“|lan 14 0){00000000l
a1l 11 0){00000000l
|az 12 0){00000000l
a3 13 0){00000000l
a4 14 0){00000000l
a5 15 0){00000000l
“|as 15 0){00000000l
a7 17 0){00000000l
52 18 0){00000000l
Data Segment =3 16 BxBEOHHHHE|
= ils4 20 0){00000000l
Address | Walue (+0)| value (+4)| Value (+8)| Value (+c] |[Value (+10)value (+1..vValue (+18}value (+1cﬂ 55 21 0x00000008|
010010000 6 o o o o o o o o= || :/s6 22 0x00000008|
010010020 6 o o o o o o [ af 57 23 2x00000008|
010010040 6 o o o o o o o af =8 24 0x00000008|
010010060 6 o o o o o o [ af 5o 5 2x00000008|
010816028 & 2 2 2 2 2 2 2 af As10 26 0x00000008|
Cx100100a0] O &) &) &) &) &) &) &) af Hls11 27 O BOR0EE0E|
Cx1G0100ca] O 2] 2] 2] 2] 2] 2] 2] af A3 28 0 BOR0GE0E|
Cx100100ed| O &) &) &) &) &) &) &) af Ata 26 O BOR0EE0E|
Cx1G010100| O 2] 2] 2] 2] 2] 2] 2] af A5 30 0 BOR0GE0E|
Cx10010120] O &) &) &) &) &) &) &) af e il O BOR0EE0E|
Cx10010140] O 2] 2] 2] 2] 2] 2] 2] 3| |pe 00400000
0x10010168] 0 o o o o o o o of ffi:
Cx10010180] O 2] 2] 2] 2] 2] 2] 2] 3|
Cx100101a0] & &) &) &) &) &) &) &) 3|
Cx1G0101co] O 2] 2] 2] 2] 2] 2] 2] 3|
Cx100101ed| O ) ) ) ) ) ) ) 3|
<] [v]
| & | B ||0x10010000 {.data) |v| [v] Hexadecimal Addresses [v] Hexadecimal Values
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https://github.com/TheThirdOne/rars
https://packages.altlinux.org/ru/sisyphus/srpms/rars

https://venus.cs61c.org/ : i
Ve n u S Assemble & Simulate from Editor Cancel Registers Memory Cache

Integer (R) Floating (F)

PC Machine Basic Code Original Code Zero | px00000000
Code
Source code
0x0 OxCAFEC337 1ui x6 831468 1i t1, Oxcafebabe ra 0x00800008
1 1i t1, Oxcafebabe (x1)
. ‘ Ox4 OxABE30313 addi x6 x6 1i t1, Oxcafebabe
2 1i t2, Oxdeadbeef 1346
sp 0x7FFFFFFR
3 add tl" tl" 2 0x8 0xDEADC3B7 1lui x7 912092 1i t2, Oxdeadbeef (x2)
0xc OxEEF38393 addi x7 x7 1i t2, Oxdeadbeef gp 0x10900000
-273 (x3)
0x10 0x00730333 add x6 x6 x7 add t1, t1, t2

tp 0x00000000
(x4)

o] Dx00080000
(x5)

tl Bx0E0AB008

* RV32IM (x6)

t2 0x00080008

« Web (x7)

Copy! Download! Clear! s@ [P lele eleTalele)

 JlnueHsnsa MIT console output (x8)

sl AxARHARAOR

Display Hex ~
Settings


https://venus.cs61c.org/

Toolchain: binutils (>2.28), gcc (>7.1),
glibc (>2.27), gdb (>8.3), llvm 9

ﬁ Bootloader: BBL, U-Boot, coreboot, grub

Linux kernel: nogaoep>xka RISC-V (RV64GC) HaynHada c 4.15
OuctpubyTmesl: ALT, Debian, Fedora, Gentoo

16



ALT Ha RISC-V

https://www.altlinux.org/Ports/riscv64

https://www.altlinux.org/Regular/riscv64

MopT peno3nTtopusa Sisyphus Ha RISC-V
(rve4dqgc)

Sisyphus-riscv ~ 6k SRPMs

http://ftp.altlinux.org/pub/distributions/ALTLinux/ports/riscv64/Sisyphus/

Native cbopka Ha SiFive HiFive Unleashed
+ 4xU54 (rve4dgc), 28 nm, 1.5 GHz,

2Mb L2, 32K L1

8 Gb DDR4-2400

, BLEs ettty L HHEEN
. BEnvai: [ =

l:u T e

5] SiF'-

F-J HiFe

— o Unlea 'ned
: ||l|||||||||l|



https://www.altlinux.org/Ports/riscv64
https://www.altlinux.org/Regular/riscv64
http://ftp.altlinux.org/pub/distributions/ALTLinux/ports/riscv64/Sisyphus/

ALT Ha RISC-V

https://www.altlinux.org/Gitery.alt

gitery (qgit)

OpenVZ
KOHTenHep

https://www.altlinux.org/Girar
girar (cbopka ns SRPM
UK gear peno3nTopus)

https://www.altlinux.org/Gear

http://ftp.altlinux.org/pub/distributions/ALTLinux/ports/riscv64/Sisyphus/

Microsemi
Expansion
Board

HiFive
Unleashed

18


https://www.altlinux.org/Gear
https://www.altlinux.org/Gitery.alt
https://www.altlinux.org/Girar
http://ftp.altlinux.org/pub/distributions/ALTLinux/ports/riscv64/Sisyphus/

ALT na RISC-V
https://www.altlinux.org/Regular/riscv64

MoaroTtosJsieHbl 4 Buaa obpasos ansgd QEMU (gcow?2) n
HiFive Unleashed (tar.xz rootfs)

« MMHMUManbHaa cuctema c systemd
« MnHnManbHaa cucrtema c SysV

v

 MMHMManbHasa cucTtema gns paspaboTymnka

https://www.altlinux.org/Hasher

(toolchain, ssh, rpombuild, hasher, ...)

* 'padhnydeckasn cuctema XFCE (X11, VNC)

http://sisyphus.ru/ru/srpm/alt-rootfs-installer

» alt-rootfs-installer (@antohami)

19


https://www.altlinux.org/Regular/riscv64
https://www.altlinux.org/Hasher
http://sisyphus.ru/ru/srpm/alt-rootfs-installer

Backup

20



C-Ray v1.1

Total Time

4 Seconds, Less |s Better QOpenBenchmarking.org
CPUintensive
SE +/- 0.06
TX2cpuonl
; L 39.97
SE +/- 0.24
100 200 300 400 500

v Phoronix Test Suite 7.8.0
1. (CC) gcc options: -Im -Ipthread -03

Smallpt v1.0

Global lllumination Renderer; 100 Samples

o Seconds, Less ks Better OpenBenchmarking.ong

CPUintensive

SE +f- 1.20

1480

TX2cpuonly

188
SE +-2.73

Cxxl g+ + options: fopenmp

300 ] 300 1200 1500

=]

Phoronix Test Suite 7.8.0

Jetson nano TX2
- ARMv8 x6 @2 GHz

- 8 Gb LPDDR4

21



ARM 32 Cortex A9

32.27 B instructions 0.79 clock cycles 0.71 ns 18.85 secs
program instruction clock cycle B program

BOOM RISC-V
29.51 B instructions 0.72 clock cycles 0.67 ns 14.26 secs
program instruction clock cycle B program :

[Gal-On and Levy 2012]



U54MC Specifications

https://content.riscv.org/wp-content/uploads/2017/12/Tuel224-SiFive_Freedom_U500-Kang.pdf

* Speed:
« TSMC 28nm HPC:
e Typical: 1.5 GHz, 0.9V, 25C
» Fast/Fast: 2.6 GHz, 0.99V, 125C
 Slow/Slow: 960 MHz, 0.81V, -40C

« Standard cell, 12-track library

* Area:
+ Single U54 Core-only Area: 0.234 mm?
* Single U54 Core Complex Area: 0.538 mm?
* Includes 32KB/32KB L1 Cache

* Performance:
« 1.7 DMIPS/MHz
» 2.75 CoreMark/MHz

23


https://content.riscv.org/wp-content/uploads/2017/12/Tue1224-SiFive_Freedom_U500-Kang.pdf

void daxpy(size_t n, double a, const double x[], double y[])

DAXPY
for (size_t i = 0; i < n; i++) {
y[i] = a*x[i] + yl[il;
}
}
| ISA ARM-32 | ARM Thumb-2 | MIPS-32 | microMIPS | x86-32 | RV32FD | RV32FD+RV32C
- Instructions 10 10 12 12 16 11 11
Per Loop 6 6 7 ¥ 6 7 7
Bytes 40 28 48 32 50 44 28

24




	Страница 1
	Страница 2
	Страница 3
	Страница 4
	Страница 5
	Страница 6
	Страница 7
	Страница 8
	Страница 9
	Страница 10
	Страница 11
	Страница 12
	Страница 13
	Страница 14
	Страница 15
	Страница 16
	Страница 17
	Страница 18
	Страница 19
	Страница 20
	Страница 21
	Страница 22
	Страница 23
	Страница 24

