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0. FIE

RVIpga i i 414 RIS % 1 L BB 81 ) 55 -5 i FIRISC-VAE M 25 ~ RISC-V SoCH
RISC-VARE 4% - ASRIZERIALN FIEFF /MBRISC-V Ak + (EAEHEBRraes RISk EE > 42
ORI ESS - PSRRI - BOBYIRA RS RIARAEES - (08 P LUBIBRVIpgaiRiz £ il
WFRERISC-V 2241 - (14 (8 1] LUSFRERISC-V SoCTIRISC-V 2 AE 51451 T (FAREE » HEAESH
SR F A RISC-V BB B A S S S B AT -

David PattersonZi% ( (R¥EfRISCHYE BT E2John HennessyH£JEACM A.M. M- A% ) FRos ¢

" RISC-VIEAE B R 285 T DA IS MR RS 1p [FI s T 88 AR E RS #E - RISC-V g — i 7 $25
IR AATERERE B (E AR IR o S S Rrae T R G B3 m B AG B S [ 20 T - M
hntresst g o RVipgadfiz n] fi5R ¥ RISC-VE Bl g5 ~ RISC-VA R 248 fIRISC-V SoCHYE
fife o AEHAE OB B R AR R H 4535 S0 T 3ERR 23 2B 247 0 1B E Py (E 22
fir A A E h S EE RIEA -
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1. {1

EHEEE ¢ (ERG AT - K¢ Imagination KEZEHE N ELHYRVipga&fl sle g BUF 1Y
Ubuntu/Windows/macOSEERE - TR Vipga& il AT H $#AV4E (< HE Fs[RVipgaPath] -
RVfpgatl & ifESI {4 (£IER FIARAPTER ) fIA(EERK :

(1) Bl © AT ERHRE TR G

(2) src : f1ERVipga 245 HIATEE (Verilogf1SystemVerilog) (25 NHEIFYE1)

(3) verilatorSIM : 12 FA7E Verilator 13 TRVfpgaSimis 15 &1

(4) driversLinux_NexysA7 : f&Nexys A7 FPGAZE F& LAY LinuxBEEIFE =

(5) BB : E2RVipga®E iR 1-20 AR FHEE AV ~ S ~ B3R ~ 8RB ~ (255 ~ SERIARE -
HER0E i raast - EhaRVipga B gl - EZ/ERIAE B Z Rk X -

RISC-V FPGA (% RVfpga) 2 — (B EHHEREE - TENMERNEN » "&EEHH
RISC-VE 3 28 & A i vl B 542 =0 k[ & fH %1 ( Field Programmable Gate Array » FPGA) #l
TfEEs » AR I PR M PR T 25 s B R RS 24518 - BUuast ~ IRAS R AEET T
[ S AH A R, -

"RVfpga AFf5r | B&ELUT &6 » fuliaT -
o BREAPTER (5E26)
o EEFIMEIE
o RISC-VZH (ZE£367)
o RVfpga%k4it (554%077)
o EHERT{EARVIpgaf4i
o ZHEERETH (55561)
o #YTRVfpgaZ il B HETREASET (5B687)
* RVfpgaZ4&itii
o {#EFiVerilator (—fEHDLE RS ) (EET7ET)
o fEFWhisper (Western DigitalfJf5SEfHkrEE ) (58E7)
o [ffek
{EFBECERYRISC-V L E#MOpenOCD (%A )
FEWindowsth 224535 F PlatformIOfT R HVBRENES, ([$#%B)
FEWindowsHZz8EVerilatorfiIGTKWave ([fif§#C )
EmacOSHZZEVerilatorfiIGTKWave ([ff§#D )
£/ VivadojiRVfpga£:4i#i AZIFPGA L ([{f$%E)
= - ETEYREREA P HARVIpga (FT8%F)

TP AFTHERT ) (5R260) M 4ARVIpgaFTR R VERES > MEERIAAI A RVipga 248 T
SR TR B A e - A7 S E##RVipga » SRBLAAEE2ET - [ 5h3RIAYSE R EraRaLA -

O O O O O O

B3 REE/  4ARISC-VEESAEHS - SB4E 7/ 48R VIpga 2478 (554.A - 4.CE53) RN A4
HyVeriloghg Z HY4HAREEHE (554.D873) - RVIpgaZ 42 At SweRVolf SoC

( https://github.com/chipsalliance/Cores-SweRVolf ) - [E]H%1&% Y {5 FjWestern Digital (WD )
B E4AEERISC-V SweRV EH1#%.(» ( hitps://github.com/chipsalliance/Cores-SweRV ) -
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[E1AIFR AR VIpga #deH U@ skt (ESweRV EH1ZLEEA - —EFIRVfpgaNexysfil

RVfpgaSim) -

RVfpgaNexys

DDR2, CDC, BSCAN, Clock Generator
Target: Nexys A7 Board

The RVfpgaSystem

SweRVolfX SoC

SweRV EH1
Core Complex

SweRV EH1
Core

ICCM, DCCM, IS, PIC, Bus Interface,
Debug Unit

Boot ROM, UART, System Controller, Interconnect,
SPI Controller
+

GPIO, PTC, additional SPl and 7-Segment Displays

RVfpgaSim

DDR2, CDC, BSCAN, Clock Generator
Target: Simulation

1. RVfpgaZz&i/gsk

#1. RVfpga&4i 84k

%
SweRV EH1#0

s
FHWestern Digital5# 3B iR 4005 5 FHRISC-VZ L
( https://github.com/chipsalliance/Cores-SweRV ) -

SweRV EH1#% 0 MEE&

—FEHY TECERE (ICCM ~ DCCMAIFESHEL) ~ mIfE=EEE HErZties
( Programmable Interrupt Controller » PIC) ~ [& i #HE/ 1 FIFR 55 B TTHY
SweRV EH1#%.(» (https://github.com/chipsalliance/Cores-SweRV ) -

SweRVolfX ( ZE{H
SweRVolf)

FERVIpgaifiZ2 F{EHEVE R _ERE o EiESweRVolffyZEfH
SweRVolf ( https://github.com/chipsalliance/Cores-SweRVolf ) : —f&
[ElZESweRV EH 1% 040 & BB IUFE 4aHES0oC « Bk T EEIROM -
UART /M H ~ &4 %iiles ~ G (AXIGE « Wishbone 77 75 1 AXI i
Wishbonef&#z ) Lk SPIfZHIEs -

SweRVolfX : BiSweRVolffHEL#E e T 4(F 3 F 8% % - GPIO ~ PTC ~ —
{EEES N SPILLE A8 T 7 B U R B VIS o

RVfpgaNexys

DANexys A7 2 P& AR ke H 18 5% 14 R B AEHY SweRVolfX SoC « E#ri T
DDR24H ~ CDC (EsiFfRsEH ) BT - BSCANZE SR ( FHNJTAGY MH )
I FE A 28 o

RVfpgaNexysEiSweRVolf NexysELAAH[E]

( https://github.com/chipsalliance/Cores-SweRVolf )
SweRVolf -

s HER AR

Imagination X £+ — RVfpga AFif5R
fi4<2.0 — 202244
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RVfpgaSim SweRVolfX SoCEAECERMEE: FI N EEVAXIEC R ©
RVfpgaSimEiSweRVolf SimE AAH[H]

( https://github.com/chipsalliance/Cores-SweRVolf ) » H & 1% & E i
SweRVolf -

HEREL et B U] RVfpga 2 4t ARG (RVipgaNexys ) FIf5#E (RVfpgaSim) - 5558
a5t B 40 fe] 22 BE 317 {5 RVfpga Fir &5 AV dk B8 T2 B 55 6 3 77 &% BH 41 a] {2 A PlatformIO
RVfpgaNexys T #£INexys A7 FPGAZERSH I (556.A%5) > DUEAARVIpgaNexys$#iiT%
EFEpIFE= (56.B-6.HER 3 )« BT HI I 85 73 &t BH L {n] {5 FH el it i 4 i85 Y HD L A5 5t =5
Verilator (Z£7E545r ) F1Western DigitalfJRISC-Vi5 <25 ks (Instruction Set Simulator >
ISS) Whisper (Z£8%(47 ) H#ERVIpgaSim -

B (& > MR T Al Linuxdras <7770 T (EFIRVipga (Fff$RA ) ~ 41{aE Windows 1
macOSEft b2 TR HVSRENE A AIHEEE (f8:B-D) » LUK AN A VivadoiiRVfpgaNexys
TEEIFPGAE ({EfVivado) (Fff$kE) - M &k Faf B 1 401 {af 42 TS89 Wik & e A o (58 A
RVfpga -

F22%1| 4 T RVIpgafrds iVER BS FIREAS o AS5rasR BHA1{afEUbuntu 18.04/EZ£ £4¢ ( Operating
System > OS ) L Z4EFIfHAHEL T BRI o 555N EMIEE LG (HlaWindows =,
macOS ) EIEHMl (HEART2ME) B - BRfEAFXBFMRAE - RMAGHHZEER
IhRE BsWindows HimacOSHi A BiSERAH -

BaE « WS A 0 FNexys A7 FPGAZE A > {1578 7] LA F Western Digital 45 < £ 5 85

(1SS) WhisperflFi i/ satEHDLIE EEES Verilator » 7B LISE R E b - RSB T o fit
FozatVivado (5E5.AET) - HEEZ4EVSCode/PlatformlO (4155 2. AEfifirat ) F1Verilator/
GTKWave (#1Z5.CHiffa) -

Z22. RVIpgafi fRHVEkAs I A
e |
258 b £H

Vivado 2019.2 WebPACK https://www.xilinx.com/support/download/index. | &
html/content/xilinx/en/downloadNav/vivado-
design-tools/2019-2.html

VSCode https://code.visualstudio.com/Download g
PlatformlO https://platformio.org/ k=g
ZAEFVSCode

Verilator ( —fEHDLiE#EES ) | https://github.com/verilator/verilator g
FIGTKWave http://gtkwave.sourceforge.net/

Whisper ( Western Digitalfy | https://github.com/chipsalliance/SweRV-ISS k¢
RISC-V#5 5 /51525 ) ZHEAE PlatformlO

RISC-V T E.##f10penOCD | https://github.com/riscv/riscv-gnu-toolchain g

https://qithub.com/riscv/riscv-openocd
ZraEfEPlatformlO g
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Hfi4<2.0 — 202244
© Copyright Imagination Technologies 7




Imagination
RVfpga A F9f5ES university programme

BERG |
T8 Mgk ZH
Nexys A7 FPGAZE P& ™ https://store.digilentinc.com/nexys-a7-fpga- 26537
trainer-board-recommended-for-ece-curriculum/ ( B8
Y
199E71)
RISC-VE L& R E&% (SoC) ** |
T8 Hgink ZH
Western Digitalfy https://github.com/chipsalliance/Cores-SweRV k=
SweRV EH1#Z.(»
SweRVolf https://github.com/chipsalliance/Cores- k=g
SweRVolf

“ARFEE TR AT A B A DigilentNexys4 DDR FPGAZEFEH -
*“*#tIlmagination Technologies T #;RVfpgalf—fHfHeft -

RIS R
e ARVipgaifie (EfiARVipga AFHHErRMNIRVIpga® s ) Z a1 7 2/ DIEH IR
BRI

o BHIrEHES

. mﬁ Gt (RrECHEs

o HEsEEEARE

. ?E/v\%%’ﬁ%

o JREIERIAARNE

o ERARM

BUNECHESEL NERET © (B RE %) (RISC-V/ik) - Harris & Harris >
© Morgan Kaufmann ( FEETHHAREGR 202152 ) - HWEFRIE (A5 (G850
7%i1) (RISC-Vjk ) > Patterson & Hennessy - © Morgan Kaufmann 2017 ) & H b —

By
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2. BREAFIHEE

AREMRIGERIH T 40 22 R VfpgaF /R VE T H. > PUR AN HIPlatformlOjfRVipgaNexys
T #kFINexys A7 FPGATES | > & fERVfpgaNexys EgifTHES - [ER R EEHFPGAR
EetR (FF2EFR2) - BESERIE A RV B A5t Nexys4-DDR FPGAZERLAL -

A. EZZEEER © VSCode ~ PlatformlOf{INexys A7 EBIRINEREIFER,
B. #¥RVfpgaNexys #F|FPGA i ffRVfpgaNexys TR,

DIF3REFEATT Ubuntu 18.04 2445 » BE51 + BT Windows10fImacOS(F 3 245 — %47 (F
FUbUNUR ] » P67 E Windows RImacOSHR A 2 ELBSSRIFAY SC 7T - 015265 PR
F2Ubuntu » BT bL/2 35 B 57 78R - BRI ES IR AT T ¢ LinuxBSAGHEFITERISR (1)
Windowsf (R - (BRFERAE (\) -

A. BEZEEE K : VSCode ~ PlatformIOf{INexys A7 EFRINEEEIFZ
TR R - B85 FIRVipgaf 0V i/ VRS MIBEENE = - E e 82 =(aa s - 74
%% 4ENexys A7 FPGABE RS AVBEEIFE

VSCodefIPlatformlOZZ#E « [ & 528 51E (Integrated Development Environment >
IDE) PlatformlOjgRVfpgaNexys & Z[Nexys A7 _F » A1 {FRVIpgaNexys | &kl
17F2=L - PlatformlO4%5:2 FsMicrosoftfyVisual Studio Code (VSCode ) HYZE{HfELH - PlatformlO
YIRS EERE e —ENEEE THE -

A DL T - ER 2245V SCodefiiPlatformlO :

1. Z4EVSCode :
a. (DU iEAE TEkZe85RE 2 | https://code.visualstudio.com/Download

b. BRI - AL E{TVSCode ¢
cd ~/Downloads
sudo dpkg -i code*.deb
code

Windows/macOS : VSCodeE{f:t ZFEWindows (.exefEZE ) flmacOS (.zipfgZE) » 0l
i https://code.visualstudio.com/Download U5 o #5544 0458 th(F 2 245 vh F A 2285 s f T e
T AV E BT BRIRAE -

2. 1£VSCodetii g % #EPlatformlO :

a. EIBEL T i AL T e K2 epython3 A FIAZ S
sudo apt install -y python3-distutils python3-venv

Windows/macOS : WindowsH "R #h{Tia—4 (2.a) - ¥ macOS » =] LL{#HE Fhomebrew
A2z 8Epython3 @ brew install python3

b. #IRVSCode i REARL > sEHZ IR NP BRI B « 4% " Start,  (BAMG) $ZHI0AE
EEHIRER T A " VSCode ; - 2%#EfE " VSCode ; - S {EUbuntud it i A

code °

Imagination A £251#] — RVfpga AF 57
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c. fEVSCoder » #—TVSCode/=H{li#l-1y " Extensions ; (ZEfHHAR ) /% (32
BilE2) -

o7
E2. VSCodeHy " Extensions | (ZEf##E4H) B

7

d. 1F¥8= 7788 dig A PlatformlO » #R1& 1% — T PlatformlO IDEZZ3&1 " Install | (Z2535)
FHE TS (GE2REEES) -

File Edit Selection View Go Run Terminal Help

PlatformlO IDE 1.100
Development environment For Embedde

PlatformiO Install

loT Utility 0.0

Develop IoT project based on Platforml
Jun Han Install
Aceinna 0.12

Aceinna Navigation Studio: open-source,...

PlatformlO Install

[&3. PlatformlO IDEZE#ELH

e. JEEHY TOUTPUT |, (# ) eS8 s F SR 2285 » Ze8E5e Big o 7 —
&L AR " Reload Now ; (I7HIE##EL A ) - PlatformlOj#£VSCode A (5
R sE (sE2EES) -

E  PROBLEM: PlatformlO Installation ~

OUTPUT  TERMINAL  DEBUG CONSOI

Installing PlatformIO Core...

Please do not close this window and do not open other folders until this process is completed.
PlatformIO IDE installed successfully.

Please restart VSCode.

tformio IDE has been success! & X

PlatformiO IDE (Extension) Reload Now

4. Ze8EPlatformlOZ& T RIS #k A

Nexys A7TERENTEFZE4E | T 8% 4ENexys ATEEEHAVEREITE S -
o FHBI& It o
o % H#E[RVipgaPath]/RVipga/driversLinux_NexysA7 - ( BfEERLA - FIERVIpga
BRI TS L BEENE S o BhAh - F AR FI SR SERAYER A 4 8E Vivadols - 3E A LA
TERZERFT Ay N EEF N E S RN E - )

Imagination A£22{#| — RVfpga A P95
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o HUTZEEFESH
chmod 777 *
sudo ./install drivers

o {LENS FijtkiNexys ATERRIN » SRR EHTRIBEERS » DAfSEEE 43 -

| Windows : 5 $3B T HIRIISZe4ENexys ATEBREIRAVEEENE S, - |

| macOS : REHZE(TI A BEE RS - |

B. EiRVfpgaNexys T &;Z|FPGA L ififfRVfpgaNexys {72,

RAE - B RVfpgaNexys ( LIFPGA K HIEHYRISC-V 24 ) T #EZNexys A7 FPGAZE &N I -
FEARAFIFERE S FAITE A & B RVipga 24 #ETTEX - {H[RVipgaPathl/RVipga/srcrh 2t T
RVfpga z:4iiyVerilog o FAMKHAE K%E@E’J%%Dn 4IRVfpga 24781 F 46120 - IEERVfpga
FE6-20rH I DAGFAER A - BEoh o (FREER A B LER I — L E B RVIpga Z47

ZEESER LT B - {ENexys A7 FPGA=EREHR F#17TRVfpgaNexys :
135, FiNexys A7 FPGARE B 2 £ BRI Fr R R AR
F225. BRPlatformlOF1CFZ =,

5535, KiRVfpgaNexys [N #{£Nexys A7TEE P& I
$4%. 7FRVipgaNexys |- T &Il #7222t

125 #fNexys A7 FPGABERRAR B EI BRI AR EREAR

(i FECEHYUSBEE R4 K Nexys AT RS REL 2 R B - [BSHU T Nexys A7 FPGAZE R
FYLEDFIBHRR - LA USBiHfEEs ~ EEIRBHARH - }”fH?FD?E HURasVYIHEL B - RUSBE LRI
EEAINexys AT S ATUSBIE g Ml AR AET TR - MR BB RS RGARE -

uUsB
Connector
''''''' Pushbuttons
7-Segment
LEDs Displays
Switches

O

I5 DlgllentE]’]Nexys A7 FPGA%E%&E’]I/O TH
(BN E R A5 ¢ https://reference.digilentinc.com/)

Imagination A£22{#| — RVfpga A P95
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F2:5. BiEPlatformlOfICFZ=,
AT mim LU B E Visual Studio Code (VSCode ) : ff Start | (Bi#&) IhgeZ i
AVSCode (iE2:RE6) > BCEEL ik Hn Acode o

Q vscodel

Visual Studio ...

[&6. FiEtVSCode

WIRPlatformlOE H ( "PIO Home ; (PIOEH) ) HE2AHEIFERL - 51— T EHDREE

IhEEFHIPlatformIOfE < « KA - ZR1%fZR "PIO Home ; (PIOEE) - ifiH%—F "Open |
(FHB - BEHF > "PIO Home ; (PIOEH) RFAROILER " Welcome ; (B & (58
SHIET7) -

Go Run Terminal Help

T PIOHome X

(@) A rolowus (@] @0

@ Welcome to
Home

E7. gL " PIO Home ; (PIOEH)

BAEHE— T TRIGAE ZZIIRE R " File , (#8ZE) — " Open Folder ; (FARXERIZE) - A%
HEPE
[RVfpgaPath]\RVfpga\examples\LedsSwitches_C-Lang

BEHEERIIC > EARNEREBR (552RE8) - PlatformlOF LK FH 2 i LedsSwitches_C-
Lang > #Z 28 HINexys A7 B _E Y GHBE (B0 K 3 Bo (55 A BB RS AR_EAILED -

Imagination A£22{#| — RVfpga A P95
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RVfpga A F$5Fs

@ PIO Home X

Vv PIO Home

Open « OS(C:) > RVfpga > examples v O
PIO Accoun
Inspect = pj

£ Search examples

Organize ~ New folder

at startup
A

Projects & m Desktop [J Name Date modified

Libraries
Boards
Platforms
Devices

v Debug
Start Debug

= Documents
4+ Downloads
D Music

= Pictures

& Videos

AL_Operations

Blinky
DotProduct_C-Lang
HelloWorld_C-Lang
LedsSwitches
LedsSwitches_C-Lang

11/21/2020 10:45 PM
11/21/2020 10:45 PM
11/21/2020 10:45 PM
11/21/2020 10:45 PM
11/21/2020 10:45 PM
11/21/2020 10:45 PM

File folder
File folder
File folder
File folder
File folder
File folder

23505 (C)
Toggle Deb

v Updates
Library Upd Folder: | LedsSwitches_C-Lang
Platform U(
Update All

v Miscellaneous
PlatformlO Core CLI
Clone Git Project

Select Folder

New Terminal

I lnArada DlatfarmIN Cara

X ®0A0 @ # LiveShare

[E8. FiEiLedsSwitches_C-Lang#if

] A R sre &Rl Ak ,m{ﬁjﬁ;:tﬂi?LedsSwﬂches C-Lang.c# f@ 15 LedsSwitches_C-Lang
B (E9) - WITRHEAR APHERENIHE R E AN M= o A T APER ,
M A R AR N EE R ENexys A7TE AR _E#{THYRVIpgaNexys -

File Edit Selection View Go Run Terminal Help

@ EXPLORER

> OPEN EDITORS src > (s d a G2 O_SWs

LedsSwitches_C-Lang.c - LedsSwitches_C-Lang - Visual Studio Code

LedsSwitches_C-Lang.c X

0x80001400
0x80001404

v LEDSSWITCHES C-LANG
OUT ©0x80001408

io
scode

> include dir) (*(vc

> lib #define | dir, value
i
LedsSwitches_C-Lang.c int main (
start.S
test int En_Value=@xFFFF, switches_value;

otugnore >IO(GPIO_INOUT, En_Value);
travis.yml
p platformio.ini

= README.rst

while (1) {
switches_value = READ_GPIO(GPIO_SWs);
switches_value = switches_value >> 16;
XITE_GPIO(GPIO_LEDs, switches_value);

}
return(0);
l;

> OUTLINE
X ®0A0 @ v > @ ¢ % Live Share Ln1,Col1 Spaces:4 UTF-8 LF C Win2 & 0Q

[E]9. LedsSwitches_C-Lang.cf2=,

HER 0 XA PlatformlO tf B By RVfpga i 3l 15 & H #fj %24 Chips Alliance - & (0] DL{E
"PIO Home ; (PIOEH) — "Platforms ; (*¥&) g e WE10FTR) - % Fa
BEDZBHEINA&ETE > FlaTESwZERISC-V T H## ﬂ%}i/\\RISC-VEI’\JOpenOCD :
RVfpgaNexys bitf&f1RVfpgaSim - JavaScriptfIPython3s <15 LI K — ELa&a ] - 4015 iy A Hefa
JRIRA B E2245Chips Alliance~{-& » AIIA] DLFE)5eR 2 4E - B EIEs5 2R 6. AR -

Imagination A£22{#| — RVfpga A P95
Hfi4<2.0 — 202244
© Copyright Imagination Technologies 13



Imagination
university programme
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File Edit Selection View Run Terminal Help PIO Home - LedsSwitches_C-Lang - Visual Studio Code
PLATFORMIO Welcome @ PIO Home X

v PROJECT TASKS y \
> @] Default ¥/ &
v @1 env:swervolf_nexys
» General B Installed df Embedded CJ Desktop
Build Home
Upload
Monitor @ @ Project can depend on a specific version of development platform or VCS (Git,

Upload and Monitor Projects Mercurial and Subversion).

” ¥ FollowUs |[fl|fin | O

Clean
v Platform §O) Filter platforms by name...
\/ QUICK ACCESS Inspect
Vv PIO Home
Open |j|
PIO Account

Inspect

Libraries

Projects & Configuration

Libraries
Boards
Boards
Platforms
" oo
Devices oo

X ®0A0 ® v > W © % Live Share

E10. PlatformlO$ 2285/ Chips Alliancesz&

34 BRVIpgaNexys T #HiZNexys A7TEFR

AE T DL N #kRVipgaNexys » B2 —{E 1] DU i 85 fHIRISC-VER HEES - EHRISC-V SoC
fy—7FE - £ TEXPLORER | (fEZ44% ) W5 T platformio.ini ( PlatformlO#J4&{L4E
%) HHEHFR WE11FTR o (0% TEXPLORER | (FEZ48E ) RE AR > s5i%— T

E{Eﬂﬁjﬁ’é@ﬁjﬁ’é%%qjé’\]@%ﬁfﬁf?& o) WAE - i@iERiboard_build.bitstream_file B 1  fy £
HOHESEE > Aol i E #RVipgaNexys bitfEi B S (FBSRE11) -

board_build.bitstream_file = [RVfpgaPath]/RVfpga/src/rvfpganexys.bit
1% Ctrl-SfEFplatformio.inif -

B Gdn< ] B ZRAAREREZE (platformio.ini) B RIELEEIENE & - 554, -
https://docs.platformio.org/en/latest/projectconf/ -

Imagination A£22{#| — RVfpga A P95
Hfi4<2.0 — 202244
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File Edit Selection View Go Run Terminal Help
@ EX R L C-Lang.c T platformio.ini x @ PIOH

~ OPEN EDITORS

~ LEDSSWITCHES_C-LANG

> i

= 115200

= README.rst

B 11. 7£RVfpgaNexys bitfs 2 i pRRK

H#fRVfpgaNexys (HHEZbittEEFE ) T#E(FINexys ATEFET -
. %§~TE{QIJIJJ§E%%IJJ§%EEPE@PIatformIO%. (FE2HEE112) -

9

E12. PlatformIOE T~

o UIE "Project Tasks ; (BHZE(EH) MHiEshzE (E13) ’»JZ\ZE%?&—TH@%EE%%
I "Project Tasks | (BHELH) - WIEFIREFEE &5 -

Imagination A£22{#| — RVfpga A P95
Hfi4<2.0 — 202244
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RVfpga A F$5Fs

@ Welcome to
Home
Quick Access

+ New Project

B
Projects
o

¥ Platormio W PlatformiO

[13. " PROJECT TASKS | (ERS(Ti) B Rrs — BHa

o JR1%fERA " Project Tasks | (EZE(EH ) — enviswervolf_nexys — [ Platform ; (%
&) > Hi#—F "Upload Bitstream ; ( L&z tem) » WE14FR - —EIMED
% - KEARVfpgaNexys SoCHFPGAEITIEZHEET

THECIE LT - BRI s 1-0x80000000% FtaHaRTE < - H i EEIROM{ /A EfIHISoC
 (25H5%6) - BEROME R —{EFE2 (boot_main.mem) #{THIIA(L - ZAIEALE
LEDAN7 Be e PR > ZMRIEIRFTELED » K055 A8(E7 ELdnas Il (rifF 22 ikl -
ZEMA DL TERK - [RprgaPath]/Rprga/src/SweRVolfSoC/BootROM/sw gl
REETHERMEN e 0 FRRERA - FNE S PRI HETERE CEEREZE
boot_main.memR%ﬁé%hoot_maiﬂ.vhB@EHZiK) - FEEEF - FFTR T4 E RN
AT R R AR I8 EELEIROM -

e Bitstream

ke Development

E14. EEArTTERR

Imagination A£22{#| — RVfpga A P95
Hfi4<2.0 — 202244
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4. fERVfpgaNexys E TN &I TIZR

RVfpgaNexysHif£ £, T & %|Nexys A7E AR LT - £ F ka2 T # 2R VfpgaNexys
HUECIERE - MR THESEZ X » #—F "Run and Debug , (A{THRI(HSE ) 24t «
SRR IR « F— TR o el - (=5 T L (ffE 8% TPIO
Debug ;, (PIOfHSE) 5 ) - BBHIFEI GG TN E (E26HE15) - B hdms
AR FAtAESE -

File Edit Selection View Go Run Terminal Help
RUN P PIO Debug

~ VARIABLES

[E15. gmefl THAER > IRBERE TR

FHERIESE TAEPSEL - o] (E Fldmiges HImI ATy (R 88 TREY] (B2 RE16) - RFTREAA
FHE R R G R AR A R

] BApE  BEEA BEISBH  EREE =1k

[E16. (88 TR

PlatformlOfEmain i B IBHEREE & — (I EE T ETES - [NIL > #%—F " Continue ;  (44) %
M oyt - SRAERERNexys A7 FPGASERR B » bt fEILED 2 %5 -

Imagination A£22{#| — RVfpga A P95
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3. RISC-VZZREHET

RISC-VE2—fEf5 <224 (Instruction Set Architecture » ISA) » 201 1FEFFIIN KA 7
Aoty Par Ehpe T - RISC-V EER Ry ST IEH#HE ks - 2R~ (KEFEY)H
HESE TR ESE S EER ) PR ESFTEAN TEAISA - HEHIE—HE > RISC-V4
TEANHIE T A A2
o EIVHIREEFNENRGTEESHE -
o ZURENVEREHIE M SRR E(E - AFEFPGASIASIC (EHIEEERER ) DU
Rl -
o ZRMBOVHMEN S MRS R > BEEERIE G a2 - IHFeEL T B
&R~ BRI TIESE
o VVHRESST R E S E B E R - DIEBIATRAVERAREE » A FRISAR G5
RETFFE o
o ZREHVEAIS SCHVVARRE BRI o (€I RyBrEE A\ Bttt —(EE A BABERYAEHS -

RISC-V 2 —EF IR » IS E o WS N AL - 520154 —H HRISC-V
Foundation (7% &RISC-V International > &— 52 {2 #:RISC-VZE ki i 4 5H 25y IR = F4H
4 %51 - RISC-V Foundation#iLinux Foundation{£20185EF5HE T 148194 1E ; 20204E3H >
RISC-V Foundations £ 5RISC-V International » 485037 1t o 8 fEEESEE LR T (B EHEAE
RARFRABERETSERE - £ 220204 » RISC-V International 32 12K B I FTH%ME - Z2flq 50
THEFAI2002% R EE SR L FF - EH b fEMicrochip ~ NXP ~ Samsung ~ Qualcomm -
Micron ~ Google ~ Alibaba - Hitachi ~ Nvidia - Huawei - Western Digital ~ ETH Zurich ~ KU
Leuven ~ UNLVAIUCM -

RISC-V &7 10-20 5 fE A Ry DB ERMEMHRAISAZ — - 1T HL T BE 2 ME—HY = BRAHBAISA »
Ry e —TEBA Rl PR AL > A2 BTt - SRR BB E S R -
TR PR ES E EEARISA - 3 HE B FATEE FAVE (R - SRR b AR ER PR B (A
FYELEISA (PIAIx862LARM ) -~ T¥ 7 HIHIISAHETT T e - HE ¥ mE s 0 HE (EATA
B (EfEEECR DBl 1E<) DIMERILERARIEZUEE - BI4 - x861¢E —BAMBEA
801TIE S EPRAE B AEIA13001T15 % » WIS Eikas 2 S P ATA o] VA FEI(ERES > AIE
H360015%F5< - HINARZBIIFREIEIE S EAEEA T - NItE TR KERE S e
WITHEMEFEOR  MIRRRMRES SR RAE SV AL S REFE R B 55

RISC-VEATH{EAAAISAZEIH « W32 ThiA (BB AR A - RV32IRIRV32E) LA
K 64fireAI128 i TehliA (RVB4IFIRVI28l) - 415R3FTR - #E5Cfy | Ratified ;  (HEE) #Y
ISATHAH IR C AL ALt - #RaC Ky " Frozen (&S ) AU THEHERSCHUEZ IS & 884
EOREH - Ky [ Draft ) (FfE) ABHTEEHERUEZ ATE 2R 8L - B - ZZRIA
BRARNEENS » CHREEFEIL/NEHEZSEES] - o] DEE AR ISARY Y
1S AT TRIE(ES - PIANFREUER ~ SRIAMIRE > DU ABEER - ELHARY
BERGAE (IRt B S e Hims#as CRIEAFAE - ILRE e RS TR P fR A BRI 2
A HAR A AR (S o FLop (A e H AT — (A B - 5% BT 22 CISAT LA
FOREEHRERSTHAS » WFRAFTR - B4 » RYMETEE/FREEMIELE » RVFE 7 BE 8 (5

Prowivar

HEE -

Imagination A£22{#| — RVfpga A P95
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Z23. RISC-VEL.AISA
( FH& 7 5 https://riscv.org/technical/specifications/ )

Base Version Status
RVWMO | 2.0 Ratified
RV32I | 2.1 Ratified
RVe64I | 2.1 Ratified

RV32E | 1.9 Druaft

RV128I | 1.7 Draft

Z24. RISC-ViZEAEIS AL {HFELH
( A&7 5 https://riscv.org/technical/specifications/ )

Extension | Version Status
Zifencei | 2.0 Ratified
Zicsr 2.0 Ratified
M 2.0 Ratified
A 2.0 Frozen
F 2.2 Ratified
D 2.2 Ratified
Q 2.2 Ratified
C 2.0 Ratified
Ztso 0.1 Frozen
Counters | 2.0 Draft
L 0.0 Draft
B 0.0 Draft
J 0.0 Draft
T 0.0 Draft
P 0.2 Draft
V 0.7 Draft
N 1.1 Draft
Zam 0.1 Draft

FRGHE T TEH - ARTE~EEFTAMAFDIEHHAE - 3535 - A EEHE A T se g A
HEREAH B A (AR £ AR B S BA e A - BRI = IR EE > EmiEEE -
THFR -

B > G 4 B A ISATE i i 4H DL R A7 7T 22 (R0 (2 /1 27 3R P BT 64 i TE RISC-V 1 i By
RV64GBN ISA - frA S LB AT S IR RS FHE RS © BESh » RISC-VEEEEENE T
T ESE T TR VR R By — ORI < -
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4. RVFPGAZigit

AT EAFERVIpgaZdt - EFEIERZ L FIFPCABEESH /A HY S EH 77 » [B1730 T T A
ZERH— AP S - OE B RS L RRLE AR B ESHZ L REEATIS0C » B{RIE S ERERR

FLIH ©
*
- e o
& y b
SoC

17, ARG

[ TR 1ER I A el s (1ESweRV ER1fZ LFH4G » —E FIRVIpgaNexysfiRVfpgaSim) -
N HEAVNE S HAFTE S M 4EEITRISC-VIE SRR EE 251400 (Western DigitalfySweRV
EH1%0y ) PEE{EBEHT/141SweRVoIfX SoC » TR & T 2 &HEEAG M (fzn ~ SCiaeAl
i A/ ) o DUR RS TERVIpga A {5 H HE SoC T THYZE M5 4H 5 7ECHfT - /148 7ENexys A7
FPGAZE 4 (RVfpgaNexys) [E{EHJSweRVolfX SoC » DL FiEfk (RVfpgaSim) tfi{if
FHySwWeRVolIfX SoC - & » fEDEITMHRE(ERVpga 4ty iE 245 -

A. SweRV EH1# . f1SweRV EH1#% MBS

Western Digitalff i £ 44 h B & 7 =fERISC-VZ.» : SweRV EH1 ( RVfpga £ 4%; o {# Y
o) ~ SweRV EH2#1SweRV EL2 ( RVfpgaly K KIRA R Al sE B & B LeiZ0y ) - BHEZG
#H—{7Apache 2.0 - SweRV EH1Z—{E321f% .0 » R 2B I SR E4REET -
SweRV Core EH2 EELNEHZ AR FT A 1T - 0B A TR DU PR s T4E TRE » 1EImER
7 ZBE - SweRV Core EL2 2 —fd/NUAZ.0) » AIfR it PR AE - RISC-VE A (k&
https://www.westerndigital.com/company/innovations/risc-v) f¥itt 7 32 =fE 0] FHAIRZ.L o T
HY F RO R -

#25. =fHWD RISC-Viz [\ FERi

( F&7 3 https://www.westerndigital.com/company/innovations/risc-v )

Core Name RISC-V Type Pipeline Stages Threads Size @ TSMC CoreMarks/Mhz
SweRV Core EH1 RV32IMC 9- dual issue Single Jimm @ 28nm 4.9
SweRY Core EH2 RV32IMC 9- dual issue Dual .067 @ 16nm 6.3
SweRV Core EL2 RV32IMC 4- single issue Single .023 @ 16nm 3.6

fEiE =0 - SweRV EH1ZL (FERVipgaBEff—iLizft - talfE
https://qgithub.com/chipsalliance/Cores-SweRVE 1S ) AL =34FE/MHz » 7 H £F FH s B Ay h
1TEEEERS » BEERL - BBAN  EUTR R EFIUR GG EEAYAH 4% Chips Alliancefg (it T —&
SedE H & EREERYSoC » ff FsSweRVolf (FERVipgaE 2t - thr]fE
https://github.com/chipsalliance/Cores-SweRVoIfHi {5 ) - RVfpga %4 (5 A SweRVolf SoCHY
JEAH > 1% X #HE FHWestern DigitaliySweRV EH1#Z.0 i 4<1.8 -
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Hfi4<2.0 — 202244
© Copyright Imagination Technologies 20



Imagination
RVfpga A F9f5Fg university programme

SweRV EH1# 02— T ERIE RN (MBEZ0) AY32Miz7tCPURZL » SZHERISC-VAYELE
(D~ B4EiE< (C) DIREEHERARIERZE (M) IE(Ri5AH - 2% F1i
( https://github.com/chipsalliance/Cores-SweRV/blob/master/docs/RISC-
V_SweRV_EH1 PRM.pdf) FFR4HFAZL T % 4G SIS e & sfRIEC R AS LA Y &8 T ] -
SweRV EH1EHEEIZ L > SRS RNIREERSET (FB2REN18) » ZIRIU(EE T
B85 (Arithmetic Logic Unit » ALU) - 3Ztb B TAE MR 47 10R011 RS BEX1 ZEEX4 o [
B RALUER  Hp—pREG RN GET - S A IBEM RS AR - IR S
HA—EIFE 434 AMAVEERR AR « BT A EUEEEER, © TSR, - THEEE, -
TS R0 TEERR o THESHEEU ) FEEEtEGshare s SRS o 1F T EPEE  PEER 0 e =1
EEE TS SREEL - 1 T AR ) PBEL - R HIUEHS SR EE PR THS S HEL TREDS - 12
TR PEEL EEEAR AR HITTIE S o IR "05 ) PEEY SRR EEES o

Stage

1 i Tont

z

3 S Pont

4 e SaTPont
Load/Store Pipe 10 Pipe 11 Pipe Multiply Pipe Divider

s bc1 Aeider a8 ] M1

. = =) ) o)

Pipe
7 Lo, Lee | [ e | [

B Commit Stall Point
G ae

E]18. SweRV EH1#% 0 M ZERE
( [E7k & https://github.com/chipsalliance/Cores-SweRV/blob/master/docs/RISC-V_SweRV_EH1_ PRM.pdf)

& 19%f H i iy & A O MR B 28 #E1T 7 LhEs - SweRV EH1RO LV BEIE S = 0 71 2£4.9
CM/MHz ( CoreMark/MHz ) : H: {7 & & ARM Cortex A8 i 2 - % BE & & 2 #BARM
Cortex A15 -

CoreMark for SweRV is 4.9 CM/MHz

O R N WB WV O
'
i

Intel Xeon ARM  BOOM-4wBOOM-2w ARM  MIPS 74K ARM Rocket ARM
ES (lvy)  Cortex Cortex A9 Cortex A8 (RV64G) Cortex AS
Al5

[E19. BT NISERANE L
( [B%k &5 https://content.riscv.org/wp-content/uploads/2019/12/12.11-14.20a3-Bandic-
WD SweRV_Cores Roadmap v4SCR.pdf)
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Western DigitalZ2#2{f: 7 SweRV EH1#% /A 2E{df5E4H - fE s SweRV EH1iZ S (FF 2R
[&20) > FEAE(EREAHAE EAER TR OEYEEE B3 7 AT TR o B R EEEE T P

o WEHEBCER > —(ERANEEFIES (ICCM) » S—E/HRE#EFER (DCCM) » E
e LB E - ERERC IR ML EFHUFISECDED ECC (B—iRzZ=R IEM
EEE R SENS ) (R - FHEECIEAS T DICE 4 ~8+-16 324864 ~ 128 -
2565(512KB -

o T[EEMVARERABHE SN - EAENEESECCIRE -

o EEFHMYTRERLIEETZREIZS ( Programmable Interrupt Controller » PIC) > £ 7%
255([& S MER BT

o VU{HZLEREE T E - FIRTS S (IFUBEREEX ) ~ ERYFEL (LSUBERHEE
75) ~ {ESEFE ((EFBMERPEEIE) FIYME DMATFEEL ( DMATE B EFER ) R an
SofERE (AfCE 640 TTAXI4ECAHB-LitefE R HE) -

o FFERISC-V{EFEHIEIIZ O MESEEETT -

SweRV EH1 Core Complex

DCCM

ICCM

SweRV EH1 Core — RV32IMC

I-Cache

PIC

IFU Bus
Master

BELIIsI—- JTAG

DMA Slave
ort

LSU Bus

Debug Bus
Master

Master

~i HAREH

64-bit AXI4  64-bit AXI4  64-bit AXI4  64-bit AXI4
or or or or
AHB-Lite AHB-Lite AHB-Lite AHB-Lite

[E20. SweRV EH1#Z%. 0 ME&
([El7k & https://github.com/chipsalliance/Cores-SweRV/blob/master/docs/RISC-V_SweRV_EH1 PRM.pdf)

B. SweRVolfX SoC

HRVipgaEf:F MG FZ4% (SoC) i fSweRVolfX (41E21F7) » BEXEASweRVolf
0.7.3fk A ( https://qgithub.com/chipsalliance/Cores-SweRVolf/releases/tag/v0.7.3) - & &
FHASweRV EH1#Z 00 8H & 224 - R 7 SweRV EH1i%. 0034 E (R E20) 4h » SweRVolf SoC
BEFE—EREIROM ~ —{HUART » — (i H 42l 25— SPIfER a8 (2L TihuiE21 1Y
HEE R ) o W5ESweRV EH1RZ 0 FIAXIFE R HE - T 81585 55 F Wishbone JE i HE
HIISoCtlr ELAAXI-Wishbonef& 23 -

#ERVfpgarf - SweRVolf SoCIE(f 1 —LELigE - Flal—{E#HINSPIZERIEs (SPI2) ~ GPIO (i#
i At ) #EdlEs - PTC (PWM/GTIRFa3/a1#as ) fR4H DU B8 T 7 PR as / I e 2]
s o B B NE21 T AL EE TR o BRTERBUREERIERIRIN - EHEETERE
HlgsE T o WIHEEE G _E&S5iSweRVolfX (XFRAEMH) -
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SweRV EH1 Core Complex

DCCM
~ -

SweRV EH1 Core - RV32IMC |-Cache

Debug —> JTAG
R

AXI Interconnect ]

@ E{>RAI\/I Memory

AXI-Wishbone Bridge ]

—

[ Wishbone Interconnect ]

Boot-ROM | [ system-ctrl | [ spix | [[sPi2 ]| [PTe ] [P0 ] [ uarT

[El21. SweRVolfX ({EF4{EE EE L HSweRVolf) &5 F&4%
F6%1| T i iEWishbone 7 H AR 2%, A B Y sC IR AS IR BT AL 41k -
%26. jRESweRVolfX SoCEE HHIEC RSB ik

£ firik:
FHROM 0x80000000 - 0x80000FFF
Rt HIE 0x80001000 - 0x8000103F
SPI1 0x80001040 - 0x8000107F
SPI2 0x80001100 - 0x8000113F
PTC 0x80001200 - 0x8000123F
GPIO 0x80001400 - 0x8000143F
UART 0x80002000 - 0x80002FFF

i B AL
SweRVolIfX SoC{i F Wi e i f5 2¢ il 25 B i 35 (i afl © F Verilog4m 55 1Y H 5T 125/ 23 A1 2K
H OpenCores [https://opencores.org/]AY i F 2a i ] 25 » OpenCoresig— [ & i Ry
FIBAR R AERE S ERY R RISk F S gateware (78 ) IP (AEMERE) #2008 FHEEE - e
TZIKD%MP@EHE@SweRVolfx SoC@ﬁT@%ﬂEﬁI/O 1 - FAFIHEAERVIpgar B E56-20
A - SRS E  ERHTETETEM -

o L UIEEIES ¢ AEHIREEE RN AR » BlUFEEFes T {FSoChiUAE N
RAM#IZE{LARBERIRISC-VH4EE 515258 (1] DL{Ehttps://github.com/chipsalliance/Cores-
SweRVolf MR E|5EEIECEAREL ) o IRFTEEAAET T MEX -
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o HrhuE T —(EFraviEElzs (78 fSevSegDisplays_Controller ) zkEiiNexys A7
pEMR AR BRI T BB R s i EH o [N Ry BLAE i 2e Y T M {E TR RS
( $&H 30 {i7 1E0x80001038410x8000103C ) -

o T WIEMIITTE fFRs (HHLE]{74:0x80001018 ) KRR H GPIOFIPTC
F e -

e HHIJIK,%TSweRVoIf%@EEI’J?%ﬁGPIO@T 75 (ER3A7 H-0x80001010—
0x80001017) - FHEE » FAF Ty 1 —(i 5o FEHIGPIORZ IS » 40 il -

e SPI : 7:SweRVoIfXHE{E T M{ER IR AMESPIERlZs (7
https://opencores.org/projects/simple spiEis: » w544 ESPIMFISPI2 ) - iZthizfH|eEHy
/NBE#£22 (SPI_SPCR ~ SPI_SPSR - SPI_SPDR - SPI_SPER - SP|_SPSS) /f
{17 31 0x80001040 F10x8000107F ( ¥fjASPI1 ) 7 Rt &F » DL K% {i7 1 0x80001100 £
0x8000113F (#fASPI2) 7 fifili -

o PTC : F{{d FHpyE1i% 224540 5k (5 https://opencores.org/projects/ptc o E #7722 i
ZI (i 1 #3[E 0x80001200% 0x800012FF -

e GPIO : F/{M{s F sk &5 https://opencores.org/projects/gpio) GPIOTZEH 28 - 2% e 25
FES2(E /O » 12 L s PEIR ML 5 {7 i #i[Z0x80001400 22 0x800014FF - Ax{E S il
AP —{E =R E & o R ] DURFEEE E Ryl A B -

e UART : SweRVolfXH$2 (T 5 F 4t UARTIESIZS (1
https://opencores.org/projects/uart16550E0 5 ) - 2% 2L 25 A2\ B BT 17 2 ML &+ 51 fir 11l
0x80002000410x80002FFF 7 [t -

ii. GCiER
SweRVolfX SoCHffEFHAEROMECIEAE » PAK ST 3 I ARAMAISPITAPTEC TR AR HY 2
HRERG

o FAROM : FAROMEL & 55 —[EELHIBAMEL A Ss - A 4i1% > SweRVolfX SoCiff
FRAATE L ERIS A 4ATE < > B4 lEIsh FIRY ik /50x80000000 22 0x80000F FF -

* RAM : SweRVolIfX SoCH 1 & i fr izl as - EIRS 7 HEEAGELS (0x00000000-
Ox07FFFFFF) HYAT128MIB - i H B RAXIFERBE - SR8 ol LLEE H A dlas 7
HIRAMECTEAS -

 SPIRFGECIRAE ¢ o] DAFEA] B/ ey SPIZERI S AN ASPITRPIRCIERS (firkkde
[ : 0x80001040-0x8000107F ) -

iii. H#E
SweRV EHT#Z L FHAXIALE T HEACE FE % Lo RIEC IR RS © % PEAT R 7] CACE RyAHB-Lite [
SRk BAEATER TN EEERLEEE - FrA R (/O ) #hHREEIWishbonel&
JihE > 1572 —TEAEOpenCore CPURMIHAE S i 802 FHVBHUFUGHE R E - A&t tufn
AXI-Wishboneféfss (AE21F7R) > FIFRIZ O R IE R A -
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TEARERF - FAFREEE 4 T AXIALE SR FEFIWishbone [ HEHVIRAE - (1SR 1EVH LR g s
SRR B ASAYEEA AR » AT DUER TR 2B &R -

AXIARERBE

SweRV EH1#Z. 0 & FHAXI4 G EEAsNFUmEER (FE2RE20) - Sak gy

( Advanced eXtensible Interface » AXI) Z&F 25 pE S8 FEBE R HE » 1 A2 TARME 4K
TRpR B ES LR BEAAAE | &R R AR —E T

£ FEANETF > B EERIHAXIA B ) — s 3 3R o HRESEEAVAXIRRS > 552
Bl AR S
https://static.docs.arm.com/ihi0022/e/IHI0022E amba axi and ace protocol spec.pdf

o AXIENHEYEE R

AXI@/;ILHF&{TIE*JE%%@&DT

P e RN MR A R

R (L PR ARG RE SS RE B R B IR

A BUR R ST/ K

T WG AU 38 A e A R R Rl el 5

OB TR AREN

B AHBRIAPBS EIEIJJE?FE»@

TR AL R PRI BRI B

SCPRFRSPTR RO S ({55 Az eat e )
TS AR IR ZE 38 RI% 5

FEHt SR T FEDMARY SRR 75 A B RHEE
FOETAE B IR R i T e bk

ii‘ﬁ%l%m&%imﬂﬁﬁ%Lﬁi‘ BN LT (0

SRR (F s A HE T TR Pl

o AXIZEfE

AXIEE G EEF T DU N R B s
= FEHU RS

EHE R EE

B ANHEEE

BAE /ﬂi_i_

=N

B 2250 T ERERE HAN ] (5 S A A E e A - 15 Joie 2 4 B R A bR 9%
HIERSE - ARICBEE AR EE ERYERPETEE -
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Read address channel

Address
and control
—»
Master Slave
interface interface

Read data channel

Read Read Read Read
data data data data

-~ — 4

[E22. SEHUEEE

( [E7k & https://static.docs.arm.com/ihi0022/e/IHI0022E _amba_axi_and _ace protocol spec.pdf)

B 23R T ER S AL EHS AL - SABERANE ARESE - BIER U
POl EEEERFEAAAERZERERDE - A% > EEEEGEFAGSHEE LHXE
T BRI AT ARIE -

Write address channel

Address
and control
e
Write data channel
Master Write Write Write Write Slave
interface data data data data interface

— ——> —— —»

Write response channel

Write
response

 —

[E23. WA BB

( [E7K & https://static.docs.arm.com/ihi0022/e/IHI0022E _amba_axi_and _ace protocol spec.pdf)

AXI{EH&LLW%&%%H?%N’“?’L EE L T R E R IEE o A X R
%ZF‘Q@H@U?E ﬁﬁ%iﬁ} AH
(s FHEEHCE i HE eEEEEEnY EEEE ([E22) -
© ERARAFREE AR E MR RCE (H23) - fEA N
BABRET > [EEE Eﬁﬁﬁfﬁjf\lﬁlf i o A R A E R i ST AER
e ([E23) -

o AXEREE

T HNH T AXIE R (8 IR £ ERER DL RS R R 2 B - iE Rk o Ry Tl
BRaH > oy IER BB B EY T -

© RAfEEEERGT - L AWEHEH

© RARRHBENTT - A LIWEHEH

© RAREEEN: > 458 2BRH
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WishbonelE i HE

SRR NS - 27 LUARBAEH
SRR R E R - 2 LIRGEEH

F71. AXIER SR

(F7K B https://static.docs.arm.com/ihi0022/e/IHI0022E _amba_axi_and _ace protocol spec.pdf)

®

Imagination
university programme

Source: Input/
Signal master/ ) p Description
- utput
slave
Aclk Global Input (?Iobal clock
signal.
AResetn Global Input Global reset signal
AWID[3:0] Master Input Write address [D.
AWADDR[31:0] | Master Input Write address.
AWLEN(3:0] Master | Input Write burst length.
AWSIZE[2:0] Master Input Write burst size.
AWBURST[1:0] Master Input Write burst type.
AWLOCK][1:0] Master Input Write lock type.
AWCACHE[3:0] | Master Input Write cache type.
AWPROT[2:0] | Master | Input g;’e“" protection
WDATA[31:0] Master | Input Write data.
ARID[3:0] Master Input Read address ID.
ARADDRJ[31:0] Master Input Read address.
ARLEN[3:0] Master | Input Read Burst length.
ARSIZE[2:0] Master Input Read Burst size.
ARLOCK][1:0] Master Input Read Lock type.
ARCACHE[3:0] Master Input Read Cache type.
ARPROT[2:0] | Master | Input g;’cd Protection
RDATA[31:0] Master Input Read data.
WLAST Master | Input Write last.
RLAST Slave Qutput Read last.
AWVALID Master | Output | ‘v riteaddress
valid.
AWREADY Stave | Oupur | “riteaddress
ready.
WVALID Master | Output Write valid.
RAVLID Slave Output Read valid.
WREADY Slave Output Write ready.
BID[3:0] Slave | Output I‘f)”te Response
RID[3:0] Slave Qutput Read response 1D.
BRESP[1:0] Slave Output Write response.
RRESP[1:0] Slave Qutput Read response.
BVALID Slave | Ouput | MWrteresponse
valid.

SweRVolfX 7 i 5% f#§ i Wishbone & | | 21 ¢ fE (SoC) T 7 ZefE A s T X IPAZ L
ZPEMBEE BN BB SR L RREES

( https://opencores.org/howto/wishbone ) -

Rl R T R A -

RHHTTE

e Wishbone ¥ ZEH5 4
= fEWishbone i HER Ty £ ZRHE T -
TR AR ZEERE HAVEE RS baeat T4 -

- @?ﬁ**)"? i PR HE R T ki

Imagination A £ 1] —

fifi42.0 — 202244 H

RVipga AFif5RI

AU A A AR

Eﬁﬁ%ﬁﬁﬁtﬁﬂ
SEAU S N B

© Copyright Imagination Technologies

IPAZ Lo BATES “'ﬂ%ﬁF’fﬂfEEﬁﬁ
E@%?LXZEET%AEE DURFEFEAZ O R A —HE
SR AT LU PR ~ SRR

%’ZA;@Z Ly e

IIH:%’ELX

AalfpE - BAedh

ety o BILEESE
R F Wishbone & 77 HE % f2
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» PEftE AN THYR EE RIS PFR R R TR -
» SR AAL N ERHIER -
" SRS L ETTE o BRI - HEIERPE - fefai i Es IO LA
HiH -
» EUEETEARE - s ERN S Fea TR PAZ L PR H B HE R 2 -
" SR BRI o
» SHRIEHEAEMRE - EEEENNERREE -
» EFEIEAHAL AT IS -
» RICBEERME AT - BRI SR A AR - (ERE DRI ERE
§H o SRR AT A N B A
~ IROMEAE HETIRR - BRI E SRR AL - BRI e ik
B o AR DA DA Ty &N - (R E EAVERRCR R A
L ER
i [FEfiteEircscUsiiIT
ii.  PErEE
iv.  PREUZERIERE
~ QRS ARGEGETHY R/
~ AAEZHERH (muli-MASTER) Thit - 2 E{F&ESoClLE -
~ GRS E B AR A (BJeshhEeEs - ERICEE R EEEE) -

e WishboneZ2H#R1EH5%

2435300 T FEALE (AR ESweRV EH1#%0 ) AT (AFIt BiREELs -
YIGPIO ~ SPI% ) 2~ [t i# Wishbone [ 7 HE B {E Y24 2 3% - Wishbone i HE L
AXIALERHS B15% » HANZ8FT: » Wishbonel fiHE (3 Fl 8/ DAY -

BST I [e— RST I
CLK I (LK I

MASTER
o
= Ii—.
/E

= =
& =3
= - =
= g 0 p—— L I <
= - - =
=

@ $ () P——¥ 3 (] =

TAGN 0 [ ysgr [P TAGN_I
maen t | pEFINED |

[E24. WishboneZEkE
( &%k &5 https://opencores.org/howto/wishbone )
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Z28. Wishbone:}i#
(FA&7 A https://opencores.org/howto/wishbone )

Signal name description

CLK_O It coordinates all activities for
the internal logic within the
WISHBONE interconnect.
The INTERCON module
connects the [CLK_O] output
to the [CLK_I] input on
MASTER and SLAVE

RST_O It forces all WISHBONE
interfaces to restart. All
intemal self-starting state
machines are forced into an
initial state. The INTERCON
connects the [RST_O] output
to the [RST_I] input on
MASTER and SLAVE

Signal
name

ACK_I

Description

The acknowledge input [ACK_I], when
asserted, indicates the normal termination
of a bus cycle

The cycle output [CYC_O], when asserted,
indicates that a valid bus cycle is in
progress

The pipeline stall input [STALL_I] indicates
that current slave is not able to accept the
transfer in the transaction queue

The error input [ERR_I] indicates an
abnormal cycle termination

The retry input [RTY_I] indicates that the
interface is not ready to accept or send
data, and that the cycle should be retried
The strobe output [STB_O] indicates a
valid data transfer cycle

The write enable output [WE_O] indicates
whether the current local bus cycle is a
READ or WRITE cycle

CYC_O

STALL |

ERR_I

RTY_I

STB_O

WE_O

Signal
name

CLK_I All WISHBONE output signals are registered at the rising edge

DAT_I()

RST_I()
TGD_I()

TGD_O(

Description

of [CLK_I]. All WISHBONE input signals are stable before the rising
edge of [CLK_I1.

The data input array [DAT_I()] is used to pass binary data. The array
boundaries are determined by the port size, with a maximum port
size of 64-bits (e.g. [DAT_I(63..0)]).

DAT_O() The data output array [DAT_O()] is used to pass binary data. The

array boundaries are determined by the port size, with a maximum
port size of 64-bits (e.g. [DAT_I(63..0)]).

The reset input [RST_I] forces the WISHBONE interface to restart

Data tag type [TGD_I()] is used on MASTER and SLAVE interfaces.
It contains information that is associated with the data input aray
[DAT_I()], and is qualified by

signal [STB_I].

Data tag type [TGD_O()] is used on MASTER and SLAVE
interfaces. It contains information that is associated with the data
output array [DAT_O()], and is qualified by signal [STB_O]

Signal name Description

ACK_O The acknowledge output [ACK_O], when

asserted, indicates the termination of a normal

bus cycle

The cycle input [CYC_l], when asserted,

indicates that a valid bus cycle is in progress

The pipeline stall signal [STALL_O] indicates

that the slave can not accept additional

transactions in its queue

The error output [ERR_Q] indicates an abnormal

cycle termination

The retry output [RTY_O] indicates that the

indicates that the interface is not ready to

accept or send data, and that the cycle should

be retried

STB_I The strobe input [STB_I], when asserted,
indicates that the SLAVE is selected. A SLAVE
shall respond to other WISHBONE signals only
when this [STB [l is asserted

WE_I The write enable input [WE_I] indicates whether
the current local bus cycle is a READ or
WRITE cycle

CYC.I

STALL O

ERR O

RTY_O

C. SweRVolfX SoCfENexys A7 FPGA [ i#{TiE#ER
SweRVolfX SoC ([&21) T LL(1)1ENexys A7 (5 Nexys4 DDR) FPGAZE AR 3T » A
thH4H BETE fyRVfpgaNexys > 0] DU){ERESEH 0T > AP 7E f5RVfpgaSim -

i. RVfpgaNexys

RVfpgaNexys & L Digilent Nexys A7 FPGAZE F& Ak £ H 27 SweRVolfX SoC ([E25) -

RVfpgaNexys &

B SweRVolf Nexys ££ A& #H [6] ( https://github.com/chipsalliance/Cores-

SweRVolf) - HZ%&EHESweRVolf - RVfpgaNexys i Y £ E o 2 WE 257~ -

o {EFPGAfEEHTEHIRERS -

> SweRVolfX SoC (#1E21FT~)

> Lite DRAM#ZEHIZS

> BHHREEAESS | Nexys ATEIH FHE —(HFbLite DRAMIZISE (5100 MHz
E o LRI G 250 MHzZ + 1 {£SweRVOIfX SoCH{Eif] -
> iRt « EB2(EIF Ik - SweRVolfX SoCHLite DRAM -

> JTAGHJBSCANEH : ARHILHAHATE & -

EEY. e
FEpI=t

https://qgithub.com/chipsalliance/Cores-SweRVolf/issues/29 -
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e Nexys A7 (ZkNexys4 DDR) FPGAE #&#i I HRVfpgaNexys H {5 F Y EC B A5/

B

> DDR2:L{EAE (i@ Fiftlite DRAMPZEHIESFHL)

> USBHi##

> SPILEIECRR

> SPIjn#Est

> 16{ELEDH116{EBdRH

> BlITERERES

M1 100 MHz
Clock | l
Generator |
1.1 50MHz
A4
SweRVolfX SoC @
%‘*m— — CDC

]

[ Wishbone Interconnect ]

Boot-ROM | [ system-ctrl | [ spi1 | ['spi2 | [ Timer | [ crio ][ uarT I_...r&. ml
* -~

* =0

®

{ AXI Interconnect ] - h 4
@ [ RAM Memory Lite DRAM
( AXI-Wishbone Bridge | controller |— §

-

[E]25. RVfpgaNexys

k(i HNexys A7EEREMR ([E126 ) kB fEE RELE S TIZsR20ES « ILERERAR Y ES
F2653570 (EiGEEE F198.75%E T — (1 H.edudE FE -k fit—{#EDigilentfR = ) -
Digilent{r 2L Mz B2 it ARANexys A7EERRE 'E 25
https://reference.digilentinc.com/ media/reference/programmable-logic/nexys-a7/nexys-
a7_rm.pdf - pLEERSH F]DAHSVEE B R FRes (CRIEERERRTRMt ) (LEE » el DUmEE
EAN _EAYmicroUSB#E 223 FHPC{LEE - Microchip PIC244 & 23S HH#E, A 2IFPGARYFE
Fr o Rz ESRIEFE GRS A o R T PAGE A XilinxHyVivado Design Suite=,
OpenOCD#fTIEF AT » FILAEA TFIPUEA BV < — R AR ECE N EEIFPGA -
FAT32t&=IMicroSD- ~ FAT32f&=(HJUSBEE SHf% ~ NERPIECIEASEWUTAGY M -
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[E]26. DigilentfyNexys A7 FPGAZER&IKN
( [B%k &5 https://reference.digilentinc.com/ )

Nexys A7-100T FPGAZE IS EIFE DL T/ EifISEE -
e 128 MiB DDR RAM
e 128 Mibit SPIRPIz fERE
o Bf7TEdERas
o 16{E R
e 16{ELED
o JEUMESSFUEPEES 0 EIEESUHE - FildEFL - VGA 25 R - USB TSR -
RGB-LED - 12C’H & EifEZS FISPIfIZEL % -
e Xilinx Artix-7 FPGA » LI NIHAE -
> FHPU{EGESEm A LUTHIS AR5 a54H 5k HY 15.850 5 ) -
> EHIRAM4EET F54.860 Kb
> O EHEBE (Clock Management Tile » CMT)
> 170/{&E1/O5 [l
> 450 MHzPNHH ARAm

ii. RVfpgaSim
SweRVolfX SoC ([E21) & a] LLfu$EVerilog i pr = LR F it - RVpgaSim & 457F
HDL & ¢ 25 A B JHI SR SE & 5 Y SweRVolfX SoC » RVfpgaSim Bl SweRVolf Sim £ A A [5]
( https://qgithub.com/chipsalliance/Cores-SweRVolf ) » HE%EE i SweRVolf -

BENAAERT 22 BRI aatEHD LR e as - (HERFI{ A Verilator

( https://www.veripool.org/wiki/verilator ) - iEE—2ZEii B R E&AYHDLIE S S » #2045 E
HyVerilog=iSystemVerilog - il H 5 /2 i AV Verilog/SystemVerilogi fitas - iE skt a5 &
2 TEA N TR BREFRANZE - AFERMAARMARISC-VALERIP 5 =LA
Chips Alliance#/ILinux Foundation Zf5% -
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D. fHEXGEH

ERTHEE 7 BFTELES 48 TR BB R 248 = P40 > /£SweRV EH1R0EH
& ([E20) #/SweRVolfX SoC ( [E21) - %1% %|RVfpgaNexys ( [25) f1RVfpgaSim
EAE -

ARG » A EEE 2SR 2G5 - BsE St B > S57EPC LB MGHRAESR - 5
Lo Z A1 A [RVfpgaPath]/RVfpgal/src -

i. SweRV EH1ZVHE
[E27% " SweRV EH1Z.0L4HE ([E20) AYREZEAERE - #2000 B = EEH4H © SweRV
Bzl (DUREZEREDR) - H X EESweRV EH1GL (LR EZEHEIR ) fl—Lk
HAteR (FlranhErEmlasd=stEir) - URERAESKRRRATE SRl (MELEZE
BUr) -

SweRV EH1 Core Complex
(swerv_wrapper_dmi.sv)

SweRV EH1 Core Isu/
Isu_dccm

ifu/

mem.sv

lib dbg/dbg.sv

ifu/
pic/ dma/ ifu_ic_me
pic_ctrl.sv || dma_ctrl.sv m.sv

SWerv.sv

[E]27. SweRV EH1ELLMES

SweRV EH1#Z. 04 &I VeriloghE ZE i DL TN &b
[RVfpgaPath] /RVfpga/src/SweRVolfSoC/SweRVEh1CoreComplex

FEGHIPC EFRERZ H it - DRI EAE T 5 [HAVREE -
Imagination A£22{#| — RVfpga A P95
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SweRV EHWZ LA SRITEEIESR AL LU T AEZE S © swerv_wrapper.sv © JEJEIHAHRE £
swerv_wrapper » & ] B {1 ERE 27 o LUK G 1AL 58 S DR a8 L SR A S e
{54 -

e mem ({Emem.svNE(E) : ZEAHAEFHLAHNEIEDCCM (lsu_dccm_mem - 7t
Isu/Isu_dcecm _mem.sviZZHE{E) ~ ICCM (ifu_iccm_mem » {Eifu/ifu_iccm_mem.sv

EEPEE) AHGSHUR (ifu_ic_mem » FEifw/ifu_ic_mem.svigZEhEr(E) fyfia -

e swerv ({Eswerv.svNEIETE) : s E B EAEBUZ GIVETT -

SweRV EH1fZ:(» ({E[E27 F DAskaze R ) BHLL T PU{E BETaa AL

o EhPKifu (F55HHETT)  ZERREEMRIcache (541D ~ 155
B~ oy SZTE s RIE AR 25y Veriloghg ZE (ifu.svINERtR It TEEE4H ) -

o Eflkdec (FEIEEEIT) : ZERIREE NSNS - (KBS TS F
EEZEA VeriloghEZE (dec.sviHHRtryTEERLH ) -

o Ehbkexu (PUTEHIT) @ ZERPREE L R E T/ #iEE Ty Veriloghg
Z (exu.svAEFRLMTEEHAE ) © WEE &NALU ~ —(EE 4R TREZ A —
EIEE 4R PrIEES

o BRKIsu (BAFEFET)  ZERKREEANEHNEA/|EFETH
VeriloghEZ< (Isu.svNERELVTHEERBAH) -

A RS HME T - BfeaT ¢

o EfiHdbg (FrefEIL) @ ZERIEEZIRIEETTHIVerilogfEZE (dbg.sviNE)
fEftAvIEEEA ) - FREEE T A FRMZ DR HEREL 7 B AR IR - Fikan S/
firht - AR ABRARICERER > AERRER O AT EEER -

o ERIKIb : ZE R E HAXIFIAHB-Lite Mt kY VerilogfEZg -

o HfHpic : LERIIEEEFRpc_ctr.sv - A e Hpic_ctrlh & {E alfEx(5k

TE BRI ES -
o EiPkdma : ZERIEEEZIma_ctrl.sv - M ERELHdma_ctrlHE{EE %
SCIEREFEY -

ii. SweRVolfX SoC
& 28 ~[E]21 7~ SweRVoIfX SoCHYAE ZE 451 - SoC#yE /7 26 (4R > 15 tuiBi4H B e
R E21 R EREY T EE -

Imagination A£22{#| — RVfpga A P95
Hfi4<2.0 — 202244
© Copyright Imagination Technologies 33



Imagination
RVfpga AF9$5EE university programme

SweRVolfX SoC
(swervolf_core.v)

SweRVEh1CoreComplex/
swerv_wrapper_dmi.sv

[

Interconnect/

Axilnterconnect/ axi_intercon
axi_intercon.sv

swerv_wrapper_dmi

Interconnect/ )
AxiToWhb/ axi2wb
axi2wb.v
- wb_intercon
Interconnect/ -

Wishbonelnterconnect/
whb_intercon.v

Peripherals/ Peripherals/ Peripherals/ Peripherals/ Peripherals/

SystemController Seuke uart spi gpio ptc
swervolf_syscon wb_mem_wrapper uart_top simple_spi gpio_top ptc_top

&|28. SweRVolfX SoC

SweRVolfX SoCHJfEZENL I -
[RVEfpgaPath] /RVfpga/src/SweRVolfSoC

FESEHIPC EIRERZ Hk > Dl M EARG 5 [FHRESE -

SweRVoIfX SoCE!’JIE Tﬁiﬂﬁlb“ [RngaPath]/Rprga/src/SweRVoIfSoC/swervoIf core.v

e axi_intercon ( ffInterconnect/Axilnterconnect/axi_intercon.viNE et ) % fELH A
8 55— {E+E Z B3 10017 ( "include "axi intercon.vh") HEENW ° B
SweRV EH1#Z.(3H & BLAXI-WishbonetE 23 AH7H -

e axi2wb ( ffInterconnect/AxiToWb/axi2wb.viNEiFedt ) : 5% tE4H1E swervolf_core.vHy
F£1531T R EHIL - B EAXI-Wishbonef&#2 85 » mEF A AXIFYEH #2000 BLEL Y
Wishbonef) i85 5% (f5 <~ [ HEf TiER -

e whb_intercon ( 1fInterconnect/Wishbonelnterconnect/wb_intercon.viN &2t ) : #%
TEL4H 75 308 55— (EFE Z M55 1457T (“include "wb_intercon.vh") EfE{ER - Tl
i — ({25 T 236 AXI-Wishbone i £ 23 81 [F 1y I S A E - FRPTRS (R r it 2 T8
BT PRI -

e wb_mem_wrapper ( {f£BootROM/wb_mem_wrapper.viNE#Edt )  FiiRiEEl B
HY 2. 245 ey AT swervolf_core v 197TTE HIME « R4 » BEEHI{L T dpram64 5 4H
({£BootROM/dpram64.viNEi 2t ) - 24 & —(EEEARAMEESLY -
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e swervolf_syscon ( {fPeripherals/SystemController/swervolf_syscon.viNEiEz it )
Z sz swervolf_core vilYE2151TEBIL » FIINE R 2402 e -

o simple_spi : {{£OpenCoresiESH ISPl 25 » 1F Peripherals/spi/simple_spi_top.viA
ERER{L o TZ{Eswervolf_core.viyE&246 (SPI) F1387 (spi2) {TEHIME -

e uart_top : {tOpenCoresESHYUART % 2% » 1F Peripherals/uart/uart_top.v XN &g
fit - ={Eswervolf_core.viFE272{TEHIL -

e gpio_top : i£OpenCorestE15HYGPIOE 28 » £ Peripherals/gpio/gpio_top.viNE g
fit - ={Eswervolf_core.vi 3381 TEHIL -

e ptc_top : tOpenCoresHSFHIPTCIEEI2S » 1EPeripherals/ptc/ptc_top.viN &t - &
1Eswervolf_core.vityEE3611TEHIL -

e swerv_wrapper_dmi ({£SweRVEh1CoreComplex/swerv_wrapper_dmi.viNZF2 L)
Western DigitalfySweRV EH1#Z 0 4H&HIE FI{E ( swervolf_core. v EE4071T ) » 4l
AIHHIER 7> ([E27 ) Pl -

iii.  FIREEN TR R B SR

it
RVfpgaSim 2 —{E#H#&E 5T - K SweRVolfX SoC ([E21) A 45 {EHDLE e {4 HHY
HERSEE TR - B[R VipgaPath)/RVipga/src/rvfpgasim.vif »

BERESR RET

RVfpgaNexys ( fi7 j* [RVfpgaPathl/RVfpga/src/rvipganexys.v 1 ) £ SweRVolfX SoC
([E21) B2 INexys A7 FPGABERR i HE S (2 AIE25) (R EIEAvESEm
Hp o IR T EOH L E A (Pl iFeE £ 7154 clk_gen_nexys - fEEE/af5
4Haxi_cdc_intf 3 JTAG H B2 1YBSCAN5 4H bscan_tap ) 4 » ZE & LW (E F 3 SoC
Gttt

e swervolf_core : |—/\f ([E28) fritSweRVolfX SoCHYEFIML - LA » BT —
{8 Fyrvipganexys. xdeJ&RAEZE ({iL)t[RVipgaPath)/RVipga/src/™ ) - A& ES
SoCELEE AR - [l #H3

e litedram_top : LiteDRAM DDR2#% i 28 1Y £ 25 o = - F 7 28 32 SweRVolfX SoC Bl
DDR2:CERS » A2 =R ZE [RVIpgaPath]/RVfpga/src/LiteDRAM/litedram_top.v
HEE o AN BFEE — (E M & litedramxde 1Y &) fE ZE ( fiL 1
[RVfpgaPathl/RVipga/src/LiteDRAMT ) - 324525 E FaC e Aa i 25 Btk - DDR2ECTE
B8 AL -

M= 2 0 [BE2987~ T Nexys A7 FPGAZE E&Hl 22 (ERVIpgaNexys & EHYFE & -
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bscan_tap |,
| clk_gen_nexys |<—b

h 4

rvfpganexys «——— itedram_top |

F

h 4

h 4

h 4

swervolf_core

25 5 5 5

{

|wb_in¥ercon ||axi_inter‘c'on| ["axi2wb | | Wb_mem_

wrapper

swerv_wrapper_dmi uar‘t:top | simpI:e_spi ||swervol;"_sysconH gpio_top | | ptc:top |

——{mem |

h 4 h 4 h 4
Isu_dcecm ifu_ic_ ifu_icem_
_mem mem mem

'S -~
h 4
4
T
4
N Al
4
4
T
r Fy s

h 4 h 4 v h 4 h 4 h 4 h 4 h 4
[ifu ] [dec] [exu] [Isu] [dbg] [ lib | [ pic_ctrl | [dma_ctrl]
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5. ZEEHASTE

PATFERBA 3 A Ubuntu 18.04 OS > {H E At Linux{E 2 £.4%5 LU 5 Windows 8¢ macOS i {iE & 1]
(EEAEEME) B EE o EREER T » BMIE AT IR B R ERIEE LS
PRt EA8ER0H - AR EUbuntu » A DUZEE IS LS ITHE -

B R IR T UM AL N T, -
A. Vivado : EE¥i%iadi b FRSEN T E - FEEE6-204 > #F EESER L EE » I
HAFERVER MR S A4 SoCr -
B. VSCode (Visual Studio Code ) fIPlatformlO : 7=t 2 GSGHIE & Hh {5 F iy 3 3L
T E - g T HRNHFPGABETTIESEEGET - DANAEFPGA EsfT/{HEEFE S -
C. VerilatorfIGTKWave : f5E#:SoCHIr#r A~ [EEHGERF ARV T & - [ > T ZAE
E6-20 iR/ T A -

SR BB EILGSGHRIE by 1 THY R HER(E - Z74EVSCodefIPlatformlOE 4% £ 4 -
(HIFAE > Mg EERLEEEAM T B (Vivado ~ VerilatorfllIGTKWave ) - 12 LIE(FE
TR

BEREFP rTRERR A&/ NIy (B RIRFHE] > BAGHURRY MRS ) - (ERERITIFREIEMEAE T H 6
R MEZE L

A. Z#EVivado

Vivadog—fEXilinx T_ & » FIe ~ B4R & RISC-V FPGARy Verilogh2 i o AGRIE1R4E
BT E S L T B - 5#¢https://reference.digilentinc.com/vivado/installing-vivado/start
IS 2855500 > QBEEUTT -

Windows : FE 5[4 E (https:/reference.digilentinc.com/vivado/installing-
vivado/start) B FEFWindows2285VivadoYEE4HERBH © £ R 2 » R EWindows 2
ELASER AR A ST I8 -

macOS : macOS“K~ 7 & Vivado ; KIit > FEZLinux/Windows i 1% 25 4 BE 1 L 1F 3 240 ik
f7Vivado -

1. % 2= https://reference.digilentinc.com/vivado/installing-vivado/start

2. g s B EXilink NELE E - https://www.xilinx.com/support/download.html

3. R4 T Self Extracting Web Installer | o fEEEETASC{I » 7] a8 T # H AV LU 245
HE AL © Xilinx Unified Installer 2019.2: Linux Self Extracting Web Installer

WINDOWS : fEERSA SR » Al T Y DU T 2345 VS 28 H i Windowsiy ™ Self
Extracting Web Installer ; : Xilinx Unified Installer 2019.2: Windows Self Extracting Web
Installer

4. FE T AR Z AT RAUR ORI AZIXIlinXIR = - MIREEZAIRE - RIBEREIL—
LS
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5. ST HEAIAE SR - BB — (8% umt - REESCE AR (A "sudosu, ) o ZAM& (I
% (Xilinx_Unified_2019.2_1106_2127_Lin64.bin) #{f= E %0t - QIR 4 iE £ 3%E
Ry i[RI TREI I TR AR SR - 588 TOK (B ) -

o SEERHEE | WIRSOUmREUREIR RS - ATE&SImtR R Em AL TN (B I ER
fRlE—Hggkd) -
> sudo chmod +x ./Xilinx Unified 2019.2 1106 2127 Lin64.bin
>sudo ./Xilinx Unified 2019.2 1106 2127 Lin64.bin

|WINDOWS : fEWindowsth » BRI R E TS ER3AI4HT Rk .exefEZE

6. VivadoZ 25 2 i 5 [ B I Te 4512y - EBEDF B IR ¢
o EfEVivado ( FAVitis) {F R4 48/ EE i -
e EEf®Vivado HL Webpack ( F£Vivado HLZ %k A ) ; WebpackE & -
o Lt BETEIE K THEAH -

| B5% 1 ST T Vivadof) 2 FI8Y - R EAELL P B fm S s |

| WINDOWS : {EWindowsth R BRTAIS - HAB RIS EHI(E S5 - BB Z P ERORIm - |

7. VivadoZ e 1% » TR ERET » PR —(E& It A L A E -
source /tools/Xilinx/Vivado2019.2/settings64.sh

B Lt A% ((source /tools/Xilinx/VivadoZOl9.2/settings64.sh) BT v |
~/ .bashrctEZ » DUEZAE R RBENE Imt T $d T

BTEL T AL T YA Vivado -

vivado

SEEEDERE
o WIRERMAFEZ AT HITAE > AR AR S PRI ANE

/tools/Xilinx/DocNav
/tools/Xilinx/Vivado/2019.2/bin

o YIBUTEI—HISE *”*ﬂﬁ 540 T application-specific initialization failed... ;| (FEFFEZ
FERIAERN--) - AfELR ntim AL T NE -

sudo 1n -s /1ib/x86 64-linux-gnu/libtinfo.so.6 /1lib/x86 64-
linux-gnu/libtinfo.so0.5

9. KR ZFE%¢8ENexys A7 FPGABERSIRAVEREIFE S - fE4 Ui Es i AL TS ¢
cd
/tools/Xilinx/Vivado/2019.2/data/xicom/cable drivers/lin64/ins
tall script/install drivers/

sudo ./install drivers
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WINDOWS : #£Windows 1 Z7#4EVivadols & 5 @735 Nexys A7 EFRINAVERENFE T, » 5 LLERE)
T2 EPlatformlO R FHZS « RILL - 05R(H Y2 Windows » DMEHZIRHT 8% B YR EA ¥ e gl
B o BOBITILERME - BIFELE T HREAFER | €ih5E T thER/ER Lt - RREE
B C A Vivado 248 s -

10. o) » BT F-#h7%4EDigilent Board Files -
o fEGithubfZ /i T #kVivadoBEFEHIY £ {7110 i BRYETE 22
o GARUTEEIFAE PR GERY BRI K - 28 % Hnew/board ﬂ/eSEﬁ- BRI RIIL H 8%
FHYFTA BRI
o GHRELZHEEVivadotyE R A ( FHER By /tools/Xilinx/Vivado ) - FELERIAR T » BEE
<version>/data/boards/board_filesH % > ‘A& ERSARAEZAEF 5% H &k -

o AN WETLARE & It - RS Enew/board._files H §l i ALL N NE |

sudo cp -r *
/tools/Xilinx/Vivado/2019.2/data/boards/board files

WINDOWS : #BE5EE10AYsR AR B4/ A5 - NV E R - FEWindowsth » B DIFE NI E T
Fl|Vivadofboard_files&i#}#E : C:\Xilinx\Vivado\2019.2\data\boards\board_files

B. Z28EVSCodefiIPlatformlO

HAEF 242 VSCodeflIPlatformlO - MR ELLEFEN " REAFHERT 1 P52 ERIE - Al
RHERIER » (D E#EBECH -

PlatformlO & —fE H ik AN AK N E-SFEEE (IDE) - BE1FMicrosoftfyVisual Studio
(VS) CodeftHft i TaRE - (FENILRSEIRER - (FAE T LA HCRES B &t = HRISC-V
R Es (i AFPGA L) #ETIEEET o PlatformlOXZ 25 & #:(F - & — (N R {EHE
TH-

R DL T s B 2245V SCodeFPlatformlO :

LINUX#E5<% « & @5 FHVSCode+PlatformlO » {HIff$%A A B {E Linux 5 22 25 f1{f
FH I 42 RISC- VIE%%DOPGHOCDKRE?PIatformIOEl’ﬂ@EFH%T;%@ETE?EEH o YIS E (A
PlatformlO » o] 3 ZI&HTHEA o

1. Z2&EVSCode :

anLj\?*%M;?é?VSCode
a. DA T EsE T #EL.debfEZE « https://code.visualstudio.com/Download

b. BAEL&S I - BT LA It i A DL T AR a1 {TVSCode
cd ~/Downloads
sudo dpkg -i code*.deb
code
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Windows/macOS : VSCodeE{i’@i%Windows ( .exefgZ ) F1macOS (.zipfEZE) » w[iHE

ifihttps://code.visualstudio.com/Download Bl 5 - 5% G 1T ia L (F 2 2% rh 2SS fIE T FE FIAZ
YA B -

2. /£VSCode#rie FZz5EPlatformlO :
A DN B AE Platforml O -

a. B ELImHE T ALl RS2 python3 A FIAER
sudo apt install -y python3-distutils python3-venv

Windows/macOS : Windows P REEZEE#TiE—F (2.a) - ¥ ¥macOS » 7] {F FHhomebrew
AZz8Epython3 @ brew install python3

b. #IRVSCode i REARL > 55N T F R B E) © 4% " Start,  (BAMG) $ZHI0AE
=R A " VSCode ; » ZA&EEEVSCode » BAEL K T A code

D
c. {EVSCoder » ##—FVSCode/:fIffi-HY " Extensions ; (ZE{fi5EZH ) TT (3
Z2RE30) -

&5

[E30. VSCodery  Extensions | (ZEfH#H4H) B

d. fEfE= 5P g A PlatformlO » #k1&$%— T PlatformlO IDEZZ#21 " Install | (2258%)
HrTE TS (BE2RIES) -
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EXT

platformio

PlatFormlO IDE 2.0 DM k5
Professional development environ,..
PlatFormlO Install

loT Utlllt:.l' 0.3

Jun Han Install

Aceinna 0.1.2
Aceinna Mavigation Studio: o
PlatformlO Install

E31. PlatformlO IDEZE{H#ELH

e. JEHHY "TOUTPUT |, () e A0 FH E R80T - L8552 8% o % —
THRELS AR "Reload Now | (17ElE#HH A ) - PlatformlO{E & 245/£VSCode
WL (sE2EES2)

Platform|O Installation -

Reload Now

Bl32. Zz8: PIatformIO{ﬁXZEUE%ﬁ‘Z)\

C. Z£Ubuntu 18.04Z4EVerilatorfIGTKWave
AE FHYER B E 2 FH A LINUX 247 -

| Windows : (i Il $ C A TFHE LT3R |

[macOs : [EIERDE R AR EATRT - |

R DI TN BB Verilator (22855578 ] 1555 https://www.veripool.org/projects/verilator/wiki/Installing
H®E > HEASHZENOT ) F1IGTKWaveZ45:Ubuntu 18.04 Linux 22489 - PR ZERE
Bff o
» sudo apt-get install git make autoconf g++ flex bison 1ibfl2 1libfl-
dev
sudo apt-get install -y gtkwave
git clone https://git.veripool.org/git/verilator
cd verilator
git pull
git checkout v4.106
autoconf
./configure

make (HAJLAfEAmake -3$ (nproc) 2KHIHRFITHE )

YV VVVVVYVYYV
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» sudo make install
> export PATH=S$PATH:/usr/local/bin ({EZ4FHEFELRK)

B /usr/local/binsk 7 i 2R » 5B R —{TH I £~/ .bashrctg -
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6. #{TRVfpgaNexysii By & T2 %G

FEARER T BT a0 ERVfpgaNexys (£ R[E25) E#ITH({EREGHER -

LINUX/Windows/macOS : A Wi T B FEEE SIS E 7 IESE SEpT il IEMEZA4E > HIl
AKET AT A SR IIEBE N E = EEE L4 - EFER T > nfREREZE I —Eb/ N4 >
PFliLinux S FHEYRISR > Windows H (i IRV EZRE4R -

BT e A TR h S HHAY (AR A s PR B0 T (£ FIRVfpgaNexys - Fif ={EfE5
EHRISC-VIl&RES mENT > RIVEREHCHES mEN - Mz 7 ERVipgaNexys &
BT EHERE AR -

%%9. RprgaNexys?ﬁﬁﬁIﬁ”—E

ey

AL_Operations Hi JEfoAEREE | RISC- Véﬂé\%%

Blinky i Nexys A7 FE &t I | RISC-V4H&EE=
HYLEDEJ

LedsSwitches 3B HUNexys A7 B % 1 | RISC-V4HAEES
FAYBHREE - WK%
TEQALED

LedsSwitches_C-Lang | ;& Hi{Nexys A7&E &k | C
LE’JF’%%EME 3l R %
{EE ALED

HelloWorld_C-Lang i 8 7 41 1 5 shell 51 | C
EI—AIREERE
VectorSorting_C-Lang | (¢ KF|/NEf & #E{T | C
P
DotProduct_C-Lang T ELR(E A ERVERE | C

LR FER %’ﬁﬂﬁitﬂ%ﬁﬁ YA —EER G AT LEERRVIpgaNexysEH FPGAE
fﬂ‘”‘ﬁ seat o WILL T ER ST AT AL

A. FIRVfpgaNexys¥fFPGA#E{TIER 2%
f KESHR - M 48— H PlatformlORY R 702 - 1518 )7 A HRVipgaNexys#FPGA
TG T - RPN BRI FIRVipgaNexys ¥ FPGAE T2t ¢

(AT B 5 FE Vivado BT FPGAMEFTIZ kst » HITTT DU IS A S FE AT Erp 3R L A3t
B TR B AT 2R (B2 o LU FALAN J7 % R A Linux IWindows .8 ( AT
macOS) - (R + 44T = R s 4 Vivadoff¥RVipgaNexys FH{EIFPGA |- « |7 » Hii
(SMIBLUT SRR - TiZ8HH4E - )
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FiNexys A7 EEFEA BT AL -

BB _E T BRRARE ENexys A7 EERSH -

W5 VSCodeF1PlatformlO i ABARL » 555G EHBARL -

TETHLGEIRE RS L > #%—F " File ; (#8%) — " Open Folder , (FARIERII) (5525
[El33) - RBEE 2 H§fk[RVipgaPath]/RVipga/examples/

aooop

File Edit Selection View Go Debug Terminal Help
New File Ctrl+N
New Window Ctrl+shift+N

ctrl+0

Open Folder... [Ctrl+K Ctrl+0]

Add Folder to Workspace...
Save Workspace As...

SaveAs... Ctrlsshiftes

Auto Save

Preferences

Close Editor cerlaw v
Close Window ctrisw

Exit cerl+Q

[E33. FARCERIR

e. EEE[IHAIPlatformIOE 2 - fEAGH » FFTLAFRIFEEFHYEE —(E#i#]AL_Operations
Fof5l o FEAE T —E B L E BT ESE > T HAE B TSI TAHEIRD B o Rl > BEFE
HEkAL_Operations (RNEBHEL » HFTAFFHERN - 2HE34) » AkfE— NHEHTH

"OK,; (HgE) - PlatformlOIRF B EHELAL_Operations#if -

Cancel Open Folder

Recent { 1 dchaver RVfpga | examples *

Home Name Size Modified
Downloads & Blinky Yesterday

s DotProduct_C-Lang Yesterday
VM_sharedFolder & Helloworld Yesterday

RVFpga & Helloworld_C-Lang Yesterday
i LedsSwitches Yesterday

EREkPORINEN & LedsSwitches_C-Lang Yesterday

s vectorSorting_C-Lang Yesterday
= AL_Operat 21 0ct

Other Locations

[E34. FHRETAL_Operations &3k

f. N /EMITT B platformio.iniGaELplatformio.inifs (F52:EIEI3S) - EMBARE NMTE R
HerE I RVIipgaNexysfir TR VRS (52RIE35) - 5518 » THIt4w&IRVipgaNexys
e RAERVipga &R F2 it - FEERIALRL |
[RVfpgaPath]/RVfpga/src/rvfpganexys.bit.

board build.bitstream file = [RVfpgaPath]/RVfpga/src/rvfpganexys.bit
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File Edit Selection View Go Run Terminal Help

@ EXPLORER & platformio.ini X @ F

~ OPEN EDITORS

platformio.ini

[&35. Platformio¥]j#4{L4% : platformio.ini

A LIfEBRZEAHREREZE (platformio.ini) "R ENdS > HEEHES A
https://docs.platformio.org/en/latest/projectconf/ -

9. f&— MEMITHEE <ﬁjﬁ%lnﬁ_nﬁljé’9platf0rm|0/?. (FF2HIE36) -

P

[&36. PlatformIOE T

R " Project Tasks ; (FHFE(EH) HE Kz (E37) - I\ZES‘EH%TEHGQ%E%@
"Project Tasks ; (FHHE(ER) - WWEFFAIREFREAL T # -
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File Edit Selection View Go Run Terminal Help
& PIOHome X

PROJECT TASKS

Q@ A we FIGIG)

@ Welcome to
Home

mber 23 W Platformio rio W Platformio November 16 W'

Recent Projects

E37. | PROJECT TASKS |, (BE(TH) BaR% - BEEE

IR1% B FH " Project Tasks | ( HZE {7 ) — env:swervolf_nexys — ' Platform |, ( F
&) o F#—T "Upload Bitstream ;, ( BTN ) > 2E38FT/~ - —RIWFIE »
2 FiRVfpgaNexys¥#fFPGAE{TIZF a5

mote Development

[E38. AT

THEEIE M T - BRI 232 1E0x80000000 & F A REHE < » HFEIEIROMAL 23 {HISoC
i (2R%6) - BEROMEH—{E#2=X (boot_main.mem) HE{THI4A1L - E%IEE@LED
FO7EL BB AR > AR MR FTALED - 0% AS{ET7 LB URas Il (R 22 4 - a4 A2 =X
AL NERRE ¢ [RVipgaPath]/RVfpga/src/SweRVolfSoC/BootROM/sw.

% "Nexys ATERSH ([E26) EHYCPUSESG%HE - (A2 UFHKETT -
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WIREEZ AR T E T E N E e - SF IR #RA — SBIRE th RV OXF
e Z£boot_main.mem - 2% boot_main.vhiJEIA) - EFER1T - FATE/ 402
LA TT EREHE AR R WA LEEIROM -

h. the] LlgEiEPlatforml Okl i s [ #kRVpgaNexys (AE39F TR ) 2RER E—2F CHER

g) ° Tﬁ—T?ﬁﬁﬂ ( T PlatformlO: New Terminal ; (PlatformlO : #rzansid ) ##8H
Z AL PlatformlOfR ZF YR ES ) BRI (@ A4S im i - A& 11 PlatformlO% it
thiig A (EGEEL) DU ap< ¢

pio run -t program fpga

13, oxe

REPEAT:

1: PlatformlO CLI

i E R 0 B KA PlatformlO 1 A B (5]F > Chips Alliance & & H &) %745 (1] DIE T PIO
Home ; (PIOEEH) Fia#iz -5 » WE40FTR) - ZFeia Bk HER%E T E - f
WTESRZAYRISC-V T E## - FHRRISC-VAJOpenOCD - RVfpgaNexys bitfs fi1RVfpgaSim -
JavaScriptflIPython{5 <t DI K —ELaif] -
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& PIOHome X
@i O

B Installed Embedde J Deskit

© Projectc specific version of development platform or VCS (Git, Mercurial and Su

Filter platforms by name...

T Uninstall

[&40. PlatformlO 2285 Chips AllianceXZ&

AR FARF N AR H #204<Chips Alliance V-5 » RIIA] DIz NP ERFEh2cde (i R
BB AR s - E8EBETRTHT)

- ﬁf%‘FEﬁUE’JTZiﬁHLﬁﬁﬁ "Quick Access | (PERTFHL) DhaER (GE2EIE41) - 5

1 TPIO Home | (PIOETD) - fcrric— Iy Rl 2= s ([E41) -

fk#Chipsalliance (H{ERVIpgat Y5 ) - ?ﬁ?ﬁfiﬂT_Tﬁ”ﬁBH’%
HEARL ([&41) -

Go Run Terminal Help

s (3| @l | &

& Embedded

[E41. BEFECHIPS AllianceE-&

- ?ﬁ—?_ﬁﬁﬂ?ﬁ 1k & 25 [5# Chips Alliance ¥ & IVEFAI &R (40 [E 4257

L Install

) e TQQT-EE%H?E”?ﬁ% ([E42) -
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& PIO Home X
(4@) A W Followus || @O

@ stalled & Embedded I Deskic

CHIPS Alliance

The CHIPS Alliance develops high-quality, open source hardware designs relevant to silicon devices and FPGAS
Installation
& Install

Boards O Examples >ackages ® changelog Frameworks

FreeRTO!

Resources

platform
chipsalliance
Name 2 ¥ Frameworks v MCU & Q 4 M % RAM % xtra v

Q

[E42. 228ECHIPS AlliancesE-&

- ZESERG - BETEZETANRMEENR - WE43FTr - T-LXE%F%EM‘HE@
e -

ages will be installed late

[E]43. CHIPS Alliance&225ERTh

B. AL_Operationsf2=

F— (& FIFEAL_Operations.s (£ H[E44) F—EHiHEESER > TE— (8 mHR 1 E A
[E—EfFest3 (iBIEx28) BT =(FREMPEEIES (IO - R iR ) -

1 .globl main

2 main:

3

4 # Register t3 is also called register 28 (x28)
5 1i t3, 0x0 # t3 =0

6

7 REPEAT:

8 addi t3, t3, 6 # t3 = t3 + 6

9 addi t3, t3, -1 # t3 = t3 - 1

10 andi t3, t3, 3 # t3 = t3 AND 3
11 beq zero, zero, REPEAT # Repeat the loop
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[E&44. AL_Operationsf2=, : AL_Operations.S

12 nop
13
14 .end

FZIRLUTI P ER > [ HIPlatformlOfENexys A7 FPGABRES R E¥ TATHEEHLAZCHS -
1. 1% ERIFTACE FPGAET TRE A GkET 5571 > AL_OperationsH Z£EL4EPlatforml Ot BHEL -

2. LI R FEEHAETECAL_Operations.S : ##— T A£{IThEEFRThEEE 1y " Explorer |

(FEZEEE) BR » BRI B 5 AL_OPERATIONS [ Hysrc » #Ri&¥%—
AL_Operations.S (:5£:R[E45) -

File Edit Selection View Go Run Terminal Help
@ EXPLORER & platformio.ir AL_Operations.s X @ F

> OPEN EDITORS srC AL_Operations.S

~ AL_OPERATIONS

< nio main:

t3,
REPEAT:

t_l
» include t3
t3, t3, 3
Zero, zero, REPEAT

AL_Operations.5

& platformio.ini
= README.rst

[E145. fetReHFF2AL_Operations.S
3. VSCodefiIPlatformlOfZ {ft T % ff 4% ~ /ERFEEEIE AL - FEVSCodeyEH; » T LA
o F| — LR (LB Dy s i it - o B4 > ﬁﬂ%ﬁééﬁm%ﬁ%

o :
% » Bl AR - 15/ (HSRIE30) B+ TRun, ($7) sl
FIRGERBEE AL BB T A -

> "
4. $—TF TRun, (H{7) fﬁﬁo;ﬁ%ﬁ%mﬁﬁﬂ RuN [P PIO Dabuig R

$ T H (WEECEERE "PIODebug , (PIOfHSH) BEIH) o e #l 5541 15 & TR (i B
(FF2EEA46) - FEAURodns - AMRBAGHEER - PlatformlOfEmainpf #HYBHBREOE T —
{EIEERRF H B Rt - R ERAE LR A2 (AT
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File Edit Selection View Go Run Terminal Help

RUN > PIO Debug

~ VARIABLES

[E46. EEiEEE TR

5. FEPEHIEE TIFPEEL - ATDAGE SR il &5 [HIm (L B R (HEE T RS (FE2EE4T) - BEI1H

a

o Continue () : BT » FZ B F—(FHERE: -

« Breakpoints (FRETE:) : FI7EARIREE T — T ATSR/ERIT LU -

o Step Over (BLBRKE) : BTHAIT » AEFIL -

o Stepinto (BHEA) : S(THAINT - QR HAITEAREITI - FHRE 0B
Bk -

o StepOut (EIBRKH) : B(THTIERBFIFTAIEE » A% REURIEGE R
Bk -

Restart (EFHEE)  (CERIVBHEER S EE TIEMRES -

Stop (fZ1E) : 1F (H{EEE T /ERS Bl 4K 0] 1F 7 4R s,

Pause (¥ {£) @ ®(EhiT - FEzUE{THF - " Continue ; (448 ) K
"Pause ; (%) ##ift -

] Byl  BEPEA  BEIPH  EREE f=1E

[E47. (88 TR

6. FEAMEEEMAT - TR EE T HEEIH - $EAtLLU TSI -

Variables (#8) : YL TFEAERIK - SIRIRFRRE R I (E -

Call Stack (MEOUMER) : BUR HATEAAERITHIRE  WEAe# (ARFAE) > DAk
HAfE S e P LE -

" Breakpoints ; (E7Ri) @ BURFTAERVETRL SR BURHITIR o AI{ELE 7
EELCPETRL o AT DU R I RS - TR A U A T B M B -
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o Peripherals (BBt ) @ BUraxfHEC ARSI EE A FakE (FIHFHE
RVfpga iz o LT E#ZBET"% ) e

» Registers (E#2}) VA ER ISR EHEE fFas T HI HAl(E -

e Memory (GCERE) : BURFPECEARLAEAYAE -

o Disassembly (fHAESEAM) * BURF CBHVEGHESEA > WNCHES
FEEPEIEAES - R e G S LR T HIEE <

7. JERAHE T ESEEMAL T HY " Registers , (E{Fd5) BEIH > RREEHZ DT

LGRS SRR . o s B %128 ({LFE(FL3 o 41 T REGISTERS |
(BF1752) MSFTT) T S A5 5 ¢ 7~ ORI AR - 555
[E48 -

File Edit Selection View Go Run Terminal Help
[> PIODebug - Fo & platformio.in AL _Operations.5 X
> VARIABLES AL_C
> WATCH
» CALL STACK
~ BREAKPOINTS
» PERIPHERALS

main:

~ REGISTERS
REPEAT:

ero, zero, REPEAT

[E]48. ﬁ?ﬂﬁﬁ%ﬁ &

8. fEMHImainet ¥ /i > i TWestern Digitalf2 (REVEENEZE - ZAEZEALR
~/.platformio/packages/framework-wd-riscv-sdk/board/nexys_a7_eh1/startup.S - % 15 %
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HECER L - 5 TRIGE « BiFas 1461t (WJ#DSPTQQP) % - ENHEEER - AEER
FEEGRE TR (F2EE48) - EHETEEPREZEE

Windows : .platformio & A A ™M B &R (C:\Users\<USER>) [N - 553 & » 0[fESE
LRI 2 E A RE R RS e AR ZE DR

| macOSs : #ifLinuxch—tE - platformioZ R firis EZRIE (~/.platformio) P - |

9. kfiErEsE—%: - FE—Hgk (~/platformio/packages/framework-wd-riscv-
sdk/board/nexys_a7_eh1/) Effitlink.Idsfs » ZAEZERER P TRAE AR B2 Ay 2
et - ZAEEMEEHEER Yy (7~ ZF - bss...) TEELBAEFHILE -

10. Hzi% @Jtﬁl%ﬁ% CERFERENROMIE A FRETT) -~ WEETE

— iR/ 1ﬁIJ7iIJIEﬁBEOE‘ X[a]%] " Explorer ;, (E&FREMES) HE o (FIHMINEERY
b #%—T TFile, (¥%) — " Close Folder ; (RAFAERIHL) -

C. Blinkyfgst
55— e blinky. S —(BHESTEE A, o wT1ENexys ATERHIRIAILEDD (2
BIE49) - Rt ET R R AR A IAILEDATRAE - ELATZ R B A

1 4#define GPIO LEDs 0x80001404
2 #define GPIO INOUT 0x80001408
3
4 f#define DELAY 0x100000 /* Define the DELAY */
5
6 .globl main
7 main:
8
9 11 x28, OxXFFFF
10 11 a0, GPIO INOUT
11 sw x28, 0(a0) # Write the Enable Register
12
13 1i tl, DELAY # Set timer value to control blink speed
14
15 1i t0, 0
16
17 bll:
18 1i a0, GPIO LEDs
19 sb t0, 0(a0) # Write to LEDs
20 xori t0, t0, 1 # invert LED
21 and t2, zero, zero # Reset timer
22
23 timel: # Delay loop
24 addi t2, t2, 1
25 bne tl1, t2, timel
26 J bll
[49. blinky.S

IR LU P ERfERVipgaNexys ( E#k AZIFPGAE R EAYRISC-V SoC) E#THIHSE IR
A
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1. WRFHIT TH—EEM (AL_Operations) -~ HIEAEFPGARE A L5ET T RVfpgaNexys
RER > Ilﬁtﬁeﬁr’%ﬁﬁ%ﬁiﬁﬁifﬁﬁﬁ {Elnz ﬁﬂ%ﬁﬁﬂ%%f SR _E EERT R

RVfpgaNexys iy 2 = - &5 2 I Al BT 200 4 17 #52 4F - % 2 (8 F A9 72 Blinky i {41 11 JF
AL_Operations#if| -

2. fEIANYE - #%—T "File, (#52&) — " Open Folder ; (BHRUERIHC) » AMEHEEH
#E[RVfpgaPath]/RVfpga/examples/

Open Folder

Recent 4 fXdchaver RVfpga | examples P

Home Name Size Modified =

Downloads [

& DotPreduct_C-lang Yesterday
VM _SharedFolder @ Helloworld Yesterday
RVfpga [ Helloworld_C-Lang Yesterday
& Ledsswitches Yesterday
[ LedsSwitches_C-Lang Yesterday
[ VectorSorting_C-Lang Yesterday
[ AL_Operations 21 ock

RvFfpgaLabs

Other Locations

[&50. Blinkyf2 {55k
3. EEEHBlinky » M&iE—T TOK, (FEE) ([ES50) -
4. FE4miHEs P Tblinky. S5 ([E151) DIBARCHA &5 S -
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File Edit Selection View Go Run Terminal Help

@ EXPLORER G e Blinkys X & PO Home

> OPEN EDITORS

main
main:

= README.rst

timel:

t1, t2, timel
bll

E51. PlatformlOyblinky.S

> ™
5. %§~T$ﬂ?ﬁﬂﬁﬁﬁﬁﬁ Sy ey < P10 Debug Bl

{Ei84 - PlatformlOfE main o 85 1Y B 9H 3% E — ([E EEEF BT ES - Rt - #%— 1 " Continue |
g HeslE TR -

6. {EEEEsth b FEFIRGHFILEDEHIAITEE -
7. FEiEiE—T "Pause ; (Ef{F) f#iH EHEEAT o FFEMEPR A
PR B T (FTREAEt ime LAEREEEN ) -

8. MM — NEHA8ITHY M Ee e — (& TP BT RL o R B — (B AL RE - S L o e R 5
"BREAKPOINTS | (rhlhh) &5 [ (FF2EHES2) -
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File Edit Selection View Go Run Terminal

@ E: ER F n Blinkys X & PIOHome

PEN EDITORS
~ BLINKY

main
main:

p FFFF
a®, GPIO INOUT

a(a0)

= README.rst

, GPIO LEDs
(a0)

2, timel

[&52. #Eblinky.SHHEE FHERE

] = ¥

o : v 7 O .
9. ZAt& - BAETE— T ' Continue ; (445) #48 - T - I8

‘I —ERTEIRFET (sw) fESRIFL > ZIESGR1 (30) BARKRAGHHILED -

10. BEITHK  FEFIEF R A NILEDHY(EE A & S A0 -

X |
11.{%@%_ eI Explorer ) (i

AN

WA ) i - iEiEEEEE T File, (1§2E) — T Close Folder ; (REFAERIAR) RARAFER -

D. LedsSwitchesfER,
5 = (E4H S A E PR R S _ Y LEDAIRE BN (552REI53)

1 #define GPIO_SWs 0x80001400

2 #define GPIO LEDs 0x80001404

3 #define GPIO INOUT 0x80001408

4

5 .globl main

6 main:

-

8 1i x28, OXFFFF

9 1i x29, GPIO INOUT

10 sw x28, 0(x29) # Write the Enable Register
11

12 next:

13 1i al, GPIO SWs # Read the Switches
14 1w t0, 0(al)

15

16 1i a0, GPIO LEDs

17 srl t0, t0, 16

18 sw t0, 0(a0) # Write the LEDs

19
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20
21

beqg zero, zero, next
.end

B 53. LedsSwitches.S

20 T P BRAEFPGARR AN R TRI(H SR LEREZ(HS -

1.

3.

File

>

WIRSRTT T EEG] - AIEAEFPGABEESHR L 3%5T " RVIpgaNexysHIZ = - Ilﬁtﬂfﬁﬁ
REFIETIEARGT - (B > APRRES 3 ZAE ARSI L H 073 TRVipgaNexysiyfzs -
P2 IGARNFTIUE THRMF - 7R HIRY/ZLedsSwitches#E {1 JEAL_Operations#afl -

TETRNS F - $#%—"F " File | (ﬁ.m) — [ Open Folder ; (BHEUERIK) » At EHERH
#% [RVfpgaPath]/RVfpga/examples/ - & #% H §% LedsSwitches » A& — F " OK |

(HEE) -

T2 LedsSwitches. S5 — (& HE[RAE - f£H PEAGARE - AR BHRIRAE R ELED £
([E54) -

Edit Selection View Go Run Terminal Help
E ER & platformio.in LedsSwitches.s X @ PIO Home
> OPEN EDITORS
s LEDSSWITCHES

main
main:

al, GPID SWs
, 0(al)
= README.rst

GPIO LEDs

zero, zZero, next

& 54. PlatformlO}#JLedsSwitches.S

- MRS A HRR R B (R e T EAR - R (BAaashfT - PlatformlOfEmain it 8 FHEH E

Imagin:

—(EBGE RS - [ - $%—F T Continue , (40 sl TR -

fEHNexys ATEREREHAVGERE o B BRI BN EAYLEDZEURBERINIHE - "I LU% -
SCRTIUENE T > BT B T e - SEkig > #—F " File, (1§Z%) — ' Close
Folder ; (RHFAERIK) BHEAEZE -

Bl AR FIETREIFE AN © it - PlatformlOfgft T "Memory ; (EC1E
G BUR -

ation AT — RVfpga A Mt g
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a. E{EEIT > WPk nextEE B GEE - EHEE AN "Memory ; (FLIE
#8) Br (3E2RES5) - /&% — T " Enter address... ; (fa Afrdk...)

File Edit Selection View Go Run Terminal Help

P PIODebug ~ & & & platformio.in LedsSwitches.S X

2 VARIABLES
» WATCH
» CALL STACK PAUSED ON STEP
~ BREAKPOINTS
» PERIPHERALS
REGISTERS main:
~ MEMORY

Enter addr

al, GPIO SWs
te, 6(al)

a@, GPIO LEDs
t 6

zero, next

E55. SLIRERTS

b. B kv ErEarhl (E2EE56) - FEERIIRE A BRE AVRaR -
A 5080001400 o

File Edit Selection View Go Run Terminal Help
P> PIODebug ~ & & platf 0.in LedsSwitches.S X
» WARIABLES src art ya iter’ to confirm or 'Escape’ ko cancel)
> WATCH
» CALL STACK PAUSED ON STEP
~ BREAKPOINTS
» PERIPHERALS TEAT
» REGISTERS main:
~ MEMORY

Enter address...

0_INOUT

al, GPIO_Sws

8, 0(al)

al, GPIO LEDs
16

zero, next

[E156. ZERUNHIFIEECRAR Arak

c. A% FERERERMITHE (F2EEST) - Rt A—{EExe (FfT%Z
e = 4L CsHAI/ OB a5 - INIETRZEA2(E it -
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File Edit Selection View Go Run Terminal Help

P PlIODebug d) T atformio.in LedsSwitches.S X
> VARIABLES src tes to read? 55| r' ko confirm or
> WATCH
> CALL STACK PAUSED ON STEP

~~ BREAKPOINTS

» PERIPHERALS I
main
» REGISTERS main:
*~ MEMORY
Enter address... Delete J, BxXFFFF
0 INOUT

al, GPIO SWs
8(al)

GPIO LEDs

zero, zero, next

57, FERRHIALTTHEL

d. "Memory ;, (FfEfS) BERBELNFE » HhBRERMEHKN12(E T
4H (352 RIE 58 ) o FAMAE 16 {E B BH 4 69 {H £ 0x123C (55 £ B fiz 41k
0x800014027f10x80001403& YA TT4H ) » ZEFIRISC-VERRERL /N
PLE AT R AV E B 2 — 2 - 16 {E LED ( & 7% 1E {ir &I 0x80001404 #I
0x800014055% ) B ~AHERY(E -

File Edit Selection View Go Run Termin

b PIODebug ~ £ ¢
3C 12 066 00 FF FF 00 00

BREAKPOINTS

58, ST R h-0x80001400-0x8000140B

e. Bl - KrEEREAR FAYBHRBHAY(E S 5 Fy0x55565 » IR FHZ D BT — O -
sCiEAG T HIBAR EEERI T — 1T SR ILENEE (1859 - L&) - MLEDAY
[EFEfERTTSWIE ORI 2 o ([&]59 - TNiE) -
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3C 12|55 55/3C 12 80 0@ FF FF 00 00

File Edit Selection View Go Run Terminal Help
P PIO Debug

VARIABLES
> WATCH
CALLSTACK
~ BREAKPOINTS
> PERIPHERALS
REGISTERS
IS . mEmory

&a
0x8000

al, GPIO0 SWs
te, o(al)

File Edit Selection View G un Terminal Help

P PlODebug v ¢

VARIABLES
> WATCH 55 5500 60 FF FF 00 00
CALL STACK
« BREAKPOINTS
> PERIPHERALS
REGISTERS
>« memory

Ga
0x8000

[E59. FHREFILEDEE

f. e DS HASC B E - FIa AR EEEREESE STIRAMALIE - BHRL
H—Ez R - HFEBAHEB0X0 (S 4ARAMEC RS EIMAIEE ) - 15
FHOx1001@E fiz 7t 4H ([E60) - fERLEIFE =0 ( Startup.S) 1% » #ILEIFEF]
LedsSwitchesf2=t i 74 Air 1il-#[E 0x90-0xC4 N A5 % -
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= Memory [0x0+0x100]).dbgmem *

18 20
42 01 43
46 01 4
g1 ¢
4E B1
JC 97
17 2
63
B1 ¢
01 60
CE a1
06 86
2 B0 FE 4
09
13 59
82 97

. SR AR AL E0x0Z 0x100

w oW o
- =

Lo ©h
= un

|

B P

()

onimm Ld pd
o Pl =] L

= BJ
(=]

9. #EFARGEYSAHERICA - AT LUt =5 S s 2 =008 - F2 (Y S 4
ALY
[RVfpgaPath]/RVipga/examples/LedsSwitches/.pio/build/swervolf_nexys/firm
ware.dis (F52:EIE61) - RiviEEETILEE - ERiEEmiE< -

Disassembly of section .text:

00000090 <main=:

32 # 80001408 <OVERLAY END OF OVERLAYS+O0xa0001408=

OF OVERLAYS+0xa0001400=>

# 80001404 <OVERLAY END_OF_OVERLAYS+8xa0001404>

E. LedsSwitches_C-LangfZ=,

2= LedsSwitches C-Lang.c ([E62) Eis:ri# ~iJLedsSwitches.sfE=, ([E53) AYIHAEFH
F > (HEZHCES M A RHATES RSN -
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O J oy Ul b WD

\e]

10
11
12
13
14
15
16
17
18
19
20
21

#define GPIO SWs 0x80001400
#define GPIO LEDs 0x80001404
#define GPIO INOUT 0x80001408

#define READ GPIO(dir) (*(volatile unsigned *)dir)
#define WRITE GPIO(dir, value) { (*(volatile unsigned *)dir) = (value); }

int main ( void )
{

int En Value=0xFFFF, switches value;
WRITE GPIO(GPIO INOUT, En Value);

while (1) {
switches value READ GPIO(GPIO SWs) ;
switches value switches value >> 16;
WRITE GPIO(GPIO LEDs, switches value);

}

return (0) ;

}

[El62. LedsSwitches_C-Lang.c

PN R B EFPCGABR RSN A TAIHESE LR -

WA T 7RI (EE G - AIEEFPGABE R La%sat " RVIipgaNexysHyf2 = - L fERE
TAHAE TR EGT - (HE > AURMEE 7R RAE RS LB HratatRVipgaNexysiyR2 =, - &5
T2 IGARNFTIUET THF - JE R H]LedsSwitches_C-Lang#i {57 EAL_Operations#g {3 -

TETHIINRE R b > $%—T " File , (#§2Z€) — " Open Folder ; (FREGERIK) » A %E
T £ H g% [RVfpgaPath]/RVfpga/examples/ - 4% H $% LedsSwitches C-Lang » R {&$%—
T "OK, (HEE) -

FEPEIESE T B2 7 > Se ECRE =SS 151 T3 E — (B P g -

A% > FgalEsE o FEFURBAMGET » IRHE B F 1L (E63) -

File Edit Selection View Go Run Terminal Help

> PIODebug ~ & LedsSwitches_C-Lang.c X

~ WARIABLES

o el

» Global

» Static
dir *

dir, value
int main ( id )
int En Value=0xFFFF, switches value;

T, En Value);

return(@);

163 £ - ETREER 5 1 AT
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5. st IR . - (=15~ 5 B WA - LEDIER

FABEHIE

6. LM LALCRE S RERATHIT I » ol DI — 64 h S BIRAY ~ Switch to
assembly , (VIAEIIETER ) AR SIEERATE LAV SRR AT -

File Edit Selection Vie
RUN D

> VARIABLES

> WATCH

> CALLSTACK
> BREAKPOINTS
> PERIPHERALS
> REGISTERS

ﬂl\‘ > MEMORY
v DISASSEMBLY

[E64. VIR EEES

7. HEFESTHVER ([E65) HLEHBMATES (1w a5,1024 (ad) ) FHHFARE > Ak
@ﬂ%%ﬁ% (sw a5,1028 (a4) ) % EF ALED - EH 872 - & FRHRE I 5E
LED#% 4= 88 £ LIS UErHIBAREE -

File Edit Selection View Go Run Terminal Help
P> PIODebug ~ 4% &1
~ VARIABLES
~ Local

> Global

H65. DR,
F. HelloWorld_C-Langf2={,

5 {ECHL R B A fshell B IEI—HIAERE. - TRaLafl e » B LA A (R s et
fBees - Blagtkterm ~ minicom%: ; {272 - PlatformlOf2 (it T 5 CHIFFY IR fies » RIS
R RO (o A L B R -

B Tl EPlatformlOfF 31851025 - WVHICE —Le2% - BRgHER » WVHEEE BT Py & RHE
PERHRZR (AT BB B8 EEAL) o Kt - AT LA A platformio.inifg ( 557+
B IEZEEPlatformIOF ZEA—E( 7 ) Fiy#imonitor_speeds KiEE 4 H - 352:RE66 -
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File Edit Selection View Go Run Terminal Help

@ EXPLORER ¢ PIO Home ¥ platformio.ini X

~ OPEN EDITORS

[env:swervolf nexys]

/rvfpgan

erilatorSIM/V

AN > EES I AL N g BHEEH O Fldialout ~ ttyMluucpfrdid
sudo usermod -a -G dialout SUSER
sudo usermod -a -G tty SUSER
sudo usermod -a -G uucp S$SUSER

WITIE=Tan otk - EWEENE - DR E AR -

| Windows/macOS : WindowsFImacOS(ii Fi # R 3 B¢ il 4585 « |

AN » ZBAFEHAWDEEYEEMG (https://github.com/westerndigitalcorporation/riscv-fw-
infrastructure ) LAY RIS T #EEF ( Processor Support Package » PSP ) &
% % & = ( Board Support Package * BSP ) - ## i £ platformio.ini 4= {8 F % %€ 5 <
( framework = wd-riscv-sdk) (HIE66FTR) - WAECHE I HEIEIEHIER
(WIEGTHT ) st B BIE BT - AR ARG RV EE R EE - FFidai DL T ERR

- PSP:~/.platformio/packages/framework-wd-riscv-sdk/psp/

- BSP:~/.platformio/packages/framework-wd-riscv-
sdk/board/nexys a7 ehl/bsp/

B R BT S BRI B 5 - R AT TaT 2 R0 BIAEEA sl ~ S & ~ 3H
RUSAS W FEs% - BT > FITREMprint fNexy s EHEFH B Gl as EAIET—RIER
B AR AVER PRI BB PR o (58 P A e B B SRR B IR A F R H HY
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File Edit Selection View Go Run Terminal Help

@ & pla Helloworld_C-Lang.c X T P Home
, s d)

E]G? fEHelloWorld_C-Lang.cHfufE. hfEZE
T AV BRE FPGABE AR i TR (S PEAR =0

1. WRERTT TR EER G > AEAEFPGABRRS EEET " RVipgaNexysHyfEs » AL HERE
TEHETRAET - (7 > MRMEH R ZAERRIR L EHa%aTRVipgaNexysHyf2 (. > &5
TEISARIATACET TERE - TR A rTZHelloWorld_C-Lang#EfilfiiiJFAL_Operations#ifi] -

2. BAELVSCode - BHE{VSCodel - PlatformlO i #£ VSCode 1 5 & B B - 1£ JEI% S |
fg—"F~ "File, (fE%) > ' Open Folder ; (FARXERIZK ) » AR EHE £ H #%
[RVfpgaPath]/RVfpga/examples/ - € HelloWorld C-Langi& i} » 2R1%&1— 1 TOK |

(HEE)

3. 2= HelloWorld_C-Lang.C ( [E68 ) #4215 UART ( i &uartinit ) - ZR1% {5 FH o4 8
printfNexys i 7# [ 71| 2 [ 26 52 & (0] DUAE 18 Z& ~/.platformio/packages/framework-wad-
riscv-sdk/board/nexys_a7_eh1/bsp/bsp_printf.c % | Z S HENEIE ) - ZEATHET

— B - 2 R R EE IR GRE -

[E68. HelloWorld_C-Lang.CHymainpkiE

4. fEPlatformlOrErEh{HsE TH - EREAFIGIITHY - Hili%— TVS CodefElHY A% HE
([E69) BHEUFY B figs
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> OUTLINE
> NPM SCRIPTS
®OAD @ v > @@ 9 [

[E169. BARUFZ I« bk

5. FrhlEitissEESIEIRE "HELLO WORLD !, » #1[E70F7R -

File Edit Selection View Go Run Terminal Help
RUN [ PIO Debug v @ 2 & n e Helloworld_C-Lang.c

- VARIABLES

t main(void)

ti;

uartInit();
while(1){

printfNex:

i

< @ TPUT  DEBUG LE  TERMINAL

> Executing task: platformio device monitor <

, debug, default, direct, hexlify, log2file, nocontrol, printable, send on enter, time

Ctri+H ---

CALL STACK

[E170. A2 RAHAT
G. VectorSorting_C-Langf&=

itz > WP RS—ECIER IR REV N EAN ST RETHER - kT RAVE
BAEEEBH M REANEEREE © B7T1BUR TR -

1 #define N 8

2

3 int A[N]={7,3,25,4,75,2,1,1};
4 int BI[N];

5

6 int main ( void )

T A

8 int max, ind, i, 3J;

9

10 for (3=0; J<N; Jj++) {

11 max=0;

12 for (1=0; 1i<N; 1i++){
13 if (A[i]>max) {
14 max=A[i];
15 ind=i;

16 }

17 }

18 B[j]l=A[ind];
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19 A[ind]=0;
20 }

21

22 while (1) ;

23 }

[El71. VectorSorting_C-Lang.c
F2 IR N AP BRAEFPGABE BN E TR LR

1. WRBIT 7RI EES] - AIEAEFPGABERSHR _F5%ET T RVipgaNexysiVf2 =, - Rl HEFE
K HBETREAET - HE > QR EFE RN L EEtsTRVipgaNexystFE = » &5
IR AGT P A 1T R (E > JF B {# H #Y /2 VectorSorting_C-Lang #i 31 [fi] JE AL_Operations
gy o

2. TEJAVRINRERYI I - #%—F T File ;, (#52Z£) — " Open Folder , (BHRUERIIE) » ARE
¥ 2 H#t[RVipgaPath]/RVfpga/examples/ - #E#EVectorSorting  C-Lang&iIAE » sR1& 5 —
T TOK, (HEE) -

3. EFNOTHE —HTEENLRHGA S - MITHRHELor WRERItRmE 1 ([B72) - R {HE
T EARZMPHY " VARIABLES | (88) &9y > ZME I HTARIBISIHIE (LNE72HP4L
OZEHBEURE TR )

File Edit Selection View Go Run Terminal Help

RUN D> PIODebu¢~ % &

“~ VARIABLES

A[N]={7,3,25,4,75,2,1,1};
BINI;

main (

[El72. 7R AR IR BT

4. BAEAEBISITIE S — (8 B ES - jﬁi@i@%—Tué}%éﬁ%ﬂﬁ (F2HEIET3) - BHRK
"Memory ; (FCfEEG) BUR (AlledsSwitchesf2 (&S 73 ATl - [E55) - {Efirkl:0x2148
(zfirik K R AR RS TP R R F R AR L) FRGETROXS0{E iz TaH (F52EIE

73) o A llifgtRa EA (#[E F0x2148-0x2167 ) F1B (&3 [& £ 0x2178-0x2197 ) HY ¥
JaiH -
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File Edit Selection View Go Run Terminal Help
P PIODebug - tFe VectorSorting_C-Lang.c X

* VARIABLES
3 00 60 00
19 @0 00 0O 04 0@ 00 0O o

AIN]
B[N]

main ( )

ax, ind, i, j;
> CALL STACK

~ BREAKPOINTS
- -

> PERIPHERALS
< RE(

~ MEMORY
ox21

88: file s e

73. I ARG BETE R EBRET. — FIRIRAE

AR EBUREHEES (WEC4FTR) - W rF B EAR [ EBRIEME <

A LA
RRIERCRR TN EFE LB (E74) - WETHR > ERZSEEL T - EiP
AR ¢ (B ] DS ITEELIE S WieiEF AT FeasTiE -

File Edit Selection View Go Run Terminal Help
[> PIO Debug

~ WARIABLES

~ Local

> Global

> Static

f#—1 " Step Over ; (BZptiE) %8 (E) WK > & EBRYE— T A FAECTE
geh o ILRFATHVEEERCGE B0 (FE2RIETS) -
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= Memory [0x2148+0x50].dbgmem X

19 @8 00 @8 84 B0 0O 80

0 00 01 00 00 00 00
L] 4B
ee 00
ee

e{1);

| [E75. fEFIANIESIBAYECRARRUR — fEFBRIS BT ERATHIMEETTA: -

5. TEERATE TER: - BEHIT > WAERPEREERIT - R EUR E5E BT - BRI
PR SIARIBESIB A HI{E © AIE 7677 > [ EBIRE FGR ZEARE (TEARE/NE
Fp) o mEAE LT (fEAMRVEECE AN ERER & Ty iaiE—8) -

File Edit Selection View Go Run Terminal Help
b PIODebug v &
v VARIABLES

~ Local
00 00 ¢

01 00 ¢

- [E76. R R BB PIT

H. DotProduct_C-LangfZ=

B¢ 1% —{E2 = #ifDotProduct_C-Lang.c ([&77) &5 Wil [ &AYETE - 2 E A W {E W
% © mainfidotproduct - mainpi#{E R LA = A 5 [# il dotproduct st & ¢ 7] & A/ NIRY
{E [ BRI RHE - 2/1% > dotproduct kgt B m (& [m & iy BERE I {8 [H]45 5 -
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#define DIM 3
double dot;

double dotproduct (int n, double al[], double b[]) {
volatile int i;
double sum=0;

for (i=0; i<n; i++) {
sum += al[i]*b[i];

}

return sum;

}

void main (void) {
double x[DIM] = {3.1, 4.3, 5.9}; // x is an array of size 3 (DIM)
double y[DIM] = {1.4, 2.2, 3 // same as x

dot = dotproduct (DIM, x, V);

return;

[E|77. DotProduct_C-Lang.c

FEARFHIF » LMEHEEETER (BFEE > 8%x ~ yFldotiVEREA Fdouble) - {H
7= » SweRV EH1EH a5~ 7 $2 ) 7BE8 - R - sZaufiliEitgec
( https://gcc.gnu.org/onlinedocs/gccint/Soft-float-library-routines.html ) F2{H {1y sk g 5 BE &G 57

SRR A (e S B e - B & -msoft-float » % pNBRERI A2k | A A R BLEEE S -

120 T P BRAEFPCAR RS - TAME B RE S -

1.

WIRERTT T I EE D] - AIEAEFPGABERSHR Lakst " RVipgaNexysiyf2= » (R
T HETREAEGT - (B2 - WURMEE TR Z AR L EfrETRVipgaNexysfIiE s » 35
FZIGARIATACET THRME - JE R AA/ZDotProduct_C-Lang#ififiiiIEFAL_Operations#if] -

FETEIGIIRERY L > 5% —T T File, (#8%€) — " Open Folder ; (FHRLERIE) » ARgE
& 2 H $%[RVfpgaPath]/RVfpga/examples/ - #E1E H $% DotProduct_C-Lang » A {&3¥%— T
"OK, (HEE) -

TENEOU{ESE T E 2 Al > SefESE 10T RIEE191T 3 Bils e —(E R ErEs (FE2RET78) -

N% > BIRESE - ZARFURRIGET « WES—EHEERE L (FE2EHEET8) -

FEfESE T B ZMINL L - 2R | Variables ; (%) #7r (FE2HET78) - ERIEREE
2 EmainT 53 FCIHATE - dotZE#IIA{E R0 -
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File Edit Selection View Go Run Terminal Help
P PIODebug . ' PIO Home DotProduct_C-Lang.c X

~~ VARIABLES

~ Local

dotproduct( n,
i;
sum=e;

; 1++) |

11+b[41;

~ Global

> Static main(

[El78. DotProduct_C-Langf2=, : S£—{EETBLRAVERHME

6. ierastasoh IR - 25t ~ (6O TAIA IS . (F1077)

7. URERHEES (NEG4AFTRIEEIE) - Al LUetlF R Bis s e = > EB RS st E
AARBHETRADNT (GE2HET9) -

dotproduct+76>

muldf3>

adddf3>

[&79. DotProduct C Langf2= | S5 - (EETREENVH SrE S EAS

8. UJHAIS| CREA GNP R (E -HEraL - 8T > ARG HER - 5 2 dotZ B (E 5 Ry R (&
[ AR ([E80) -
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File Edit Selection View Go Run Terminal Help
> PIODebug ~ & &1 I F or DotProduct_C-Lang.c startup.§ X
~~ VARIABLES =

Local

~ Global

> Static

#[0S]: no need for t, just endless

2b

[E180. DotProduct_C-Langf2=, : BERERV4EEE

(BHRAERIIC) 2R

9. SEREILIEAAVERRIR > #—T "File, (fE2%) — ' Close Folder
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TEARF » F{ERVipgaSim_Lfi HVerilatorgh{T_E—Ei-R EHAVE—(EfE=0 (AL_Operations) -
Verllatorﬂg~@6§§%ﬁmz_;§§ ( Hardware Description Language > HDL ) ##gzs » FH N E e

#:SoCHyVerilog ( AJ{¢[RVfpgaPathl/RVipga/srcHifs ) - i iEtEEi{TSoCHY 7=t » (EH
% ES T R SHIANERERSE - SN RENERASE (fEELEhfss b M mSoCHr
WA R E GRS ) FRRlE A -

7. VERILATORJE#F

FEIE > PP R 1 4 a] (5 F Verilator & g 157 12 48 ST 15 < F1 AL_Operations i {7 253 (€ -
AL_Operations J& {£ 55 S i tP shIT AIH SE AV —([E AV G E S 20 (E44) - R {EH
Platforml Oz A= RPN - ZAI&RIFAK ~ FTE IR B B S5 HU T S M Fasx28 (BIEfFes
t3) SRRSO L - W EEGTKWavetg i fs o FIE (7 s faf iR 2B TR LI -

E4BRE_EERE - Vrvfpgasim :

H $%[RVfpgaPath]/RVfpga/verilatorSIME & MakefileF1F 7~ & A= RVipgaSimiE it zs — N fEHY
2% (swervolf_0.7.vc) - % 75218 & VerilatorsB MRV E N » DL SoCHKIEHINI B E
o FEARBIH > SoCAIF AL [RVipgaPathl/RVfpga/sre /i » #2124 » $ A g s 4 nf 72 4=
RVfpgaSimiy g » 2% iE 2% R #1LERVIpgaSim L #{THYAL-Operations f£z(1

TR

1. ERImIEGE T - BT TEL T an S A i ey —HEA AR -

cd [RVfpgaPath]/RVfpga/verilatorSIM
make clean
make

1825 Vrvipgasim ( RVfpgaSimi&E i #7112 ) [ELE H $%[RVfpgaPath]/RVipga/verilatorSIM
WEELE -

Windows : #D%%JEHWindows HILEAE Cygwin&& It N i T8 Lo AR [EIY P B (A REEEAHER
B > E2REITERC) - §5EE > C: WindowsE R A7 Cygwin R LU L&« /cygdrive/c -
$§ﬁEPE@Pﬁﬁﬁfﬁ%ﬁ%@ibnuxé’]n}#ﬁm|_J

macOS : HRIFEARY - SHSRINE2D - |

{#5 A Vrvfpgasim3iE #BPLATFORMIOZE 4: HE SR B ©

SRS EIRE (Vivbgasim) 1% > f&AEPlatformlO A i F 3% g 22 2Kk e B #2=XAL_Operations
ISP (frace.ved) o

2. FEEPRFEEFEINVSCodefiPlatformlO -

3. IR E > 3% —T "File, (f52) — " Open Folder... ; (BEECERIK...) (E81) -
IN% B 22 H §%[RVipgaPath]/RVfpga/examples/
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File Edit Selection View Go Debug Terminal Help

New File Ctrl+N
New Window Cerl+shift+N
Open File... ctrl+o

Open Folder... [Ctrl+K Ctrl+0] |
Open Workspace...

Open Recent 4

Add Folder to Workspace...

Save Workspace As...

Save As... Ctrl+Shift+s

Auto Save

Preferences 4

Close Editor Cerlvw 4.
Close Window Cerlvw

Exit Cerl+Q

[E181. BAEXAL_Operations.SHif]

4. EEFEE3%AL Operations ( FEEBHRL » NAEEIEE) » Siki—T TOK, (HEE) - 2%
fEEPlatforml O BREL -

5. BiRliplatformio.inifg - iEiE4REE N7 » BILF|FE—H (Vrvipgasim) 4 AIRVIpgaSimis
BN (E2RE82) -

board debug.verilator.binary =
[RVfpgaPath] /RVfpga/verilatorSIM/Vrvfpgasim

File Edit Selection View Go Run Terminal Help

R & platformioini X

~ OPEN EDITORS

= test.kcl

= /home/d

[E82. PlatformlO%]J#a{L4% : platformio.ini

Windows : fEWindowst » RVfpgaSimi&fit n] shi THE 28 fyvrvfpgasim. exe © [HIL ¢

board debug.verilator.binary = [RVfpgaPath]\RVfpga\verilatorSIM\Vrvfpgasim.exe
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6. #%— NEMITHRERIIAE EEPETF’IatformIOIT.X%}L TIEEE - A&RERE | Project Tasks |

(EZ(H ) — enviswervolf_nexys — " Platform , (F&) » Wi — T " Generate

Trace ; (EA#PN) - WES83FR -

File Edit Selection View Go Run Terminal Help

PL 0 % platformio.ini X @ F

~ PROJECT TASKS

= /fhome/dchaver/RVfpga/verilatorSIM/Vrvfpgasim

TERMINAL

> Executing task: platformio run --target generate_trace --environment swervolf nexys <

figure-pio-ldf

] Took 3.49 seconds |=

Terminal will be reused by tasks, press any key to close it.

[E183. #FE E VerilatorzE 4= &5

B0 0 A] DL i PlatformI O 4% i i £ 29 28 A= 9T - itk E%?ﬁ—??ﬁfﬁﬂ ( PlatformIO:
New Terminal ; (PlatformlO : #rida%imtd ) fz8 » %z PlatformlOfH 25 Y JEEE )
BB —{EBFT Y &% I 2 - A& (E PlatformlO&% It R A (BiE#) DI R an< ¢ pio

run --target generate trace

7. BT 184008 > fEZKtrace.vedECAT
[RVfpgaPath]/RVfpga/examples/AL_QOperations/.pio/build/swervolf_nexys N & 4= » 1] DA

{EH GTKWavei HBHEL -

gtkwave [RVfpgaPath]/RVfpga/examples/AL Operations/.pio/build/swervolf nexys/trace.vcd

WINDOWS : B2 kY& i gthkwave 64 H1 55— (T (F gtkwave.exef T fEFTE R, - FIEHITE
AL bINERE R - $270 T 3% fE 2 =R GTKWave - {£ 8 FFZ =AY THYG - #— T "File |

(#§%) - "Open New Tab , (FREFTRSIER) - NEFHIRUEERIK
[RVfogaPath]/RVfpga/examples/AL _QOperations/.pio/build/swervolf _nexyst 4= fitrace.vedfs -

FEGTKWAVET 3 TR EEE B :

8. IATE - KEHTHE IR - %‘Eﬁ/—\ﬂl%ﬁf ZREFE o FEGTKWavely /£ I 77 &%+ i SoCHylE & -
RS M R B T - S E R R "TOP , (_kJ@) — rvfpgasim — swervolf —
swerv_eh1 — swerv » Z81& 17— T HE4HiIfu (QI[E84FHZeH BRI /7P~ ) - BEERSRclk

(AR ZOWERR ) - G HE =R B A =& " Signals ; (FR5E) SRR RE
"Waves ; () &EkgH -
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do T j‘_, 2 = ale== € » Fromfosec To:[ 185200 ns & Marker: - | Cursor: 7ns
¥ sST Signals Waves
gpio26 - Time
gpio27 clk
gpio28
gpio29
gpio30
gpio31
gpio_module
spi
spi2
swerv_eh1
mem
= swerv
active_cg
dbg
dec
dma_ctrl
exu
free_cg

File Edit Search Time Markers View Help

4 ns

[ e e B B

lsu
pic_ctrl_inst
syscon

timer_ptc
uart16550_0
wb_intercon0

[0

Type Signals

wire IDWIDTH[31:0]
wire TAGWIDTH[31:0]
wire active_clk

wire clk

wire clk_override

[E184. RrzREstclkFr ZIETE
9. KK > LAERTLIEERRENSRAYE(E ([E85) -

File Edit Search Time Markers View Help
ao T j_l .2.‘;\; == { o From] 0sec To:| 416 us (C' Marker:— | Cursor: 1ns

[E185. BCK

10. BRAEHTIGERSE - B SRR IR ERISC-VIZ L F—ES TS < - TE[E—15E4H
(ifu) sl EfsRifu_i0_instr[31:0JfTlifu_i1_instr[31:0] ([E86) - K& S Lb NSk H 5
e "Waves ; (ORI ) EigH o FEIUFORESTRIETT - 0B E B0 - IT50R
HEEEEEERT © instr{31:01F 321155 -

Type Signals

wire  ifu_i0_instr[31:0]
wire ifu_i1_instr[31:0]
wire ifu_pmu_instr_aligned[1:0]

Append Insert Replace

[&186. #FeRakifu_i0_instr[31:0Jf1ifu_i1_instr[31:0[NE R K L

Imagination A 5251 — RVipga AP &R
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1. R R R Feste 3 (B> rFEasdmst28 - x28) HAYERSE - fEswerv NRHIE/E /=
fifsdec - arf — gpr_banks(0) — gpr(28) > &G — NME4HgprEf (41 [IEZE
HERER AR ) > BRIk dout [31: 0] (ZENSREIRAL Operations. SEfH M
AVETFEsx28HIN ) IR A REIR " Waves , (P ) &g ([E&87) -

B .o SWerv
I-so=active_cg

iz dbg

I sew dec

B.arf

= bankid_ff
= :=x gpr_banks(0)
= gpr(1)

= gpr(2)
=9pr(3)

= gpr(4)

= 9pr(s)

= gpr(6)

= 0pr(7)

a gpr(8)

. gpr(9)

= gpr(10)
= gpr(11)

= gpr{12)
= gpr(13)
= gpr(14)
= gpr(15)
= gpr(16)
= gpr(17)
= gpr(18)
. gpr(19)
= gpr(20)
= gpri(21)
= gpr(22)
= gpr(23)
= gpr(24)

= gpr(25)
. gpr(26)

= gpr{27)
.agr(zs)
8- i gprff
= gpr(29)

= gpr(30)
Type Signals
wire  WIDTH[31:0]
wire clk

wire  din[31:0]

Bi87. Rt dout/31:01IEIBY L

12. fEGTKWave FETRENSEHY 55—l VAR - telfE % - fEZEtest.telfir i
[RVfpgaPath]/RVfoga/examples/AL_Operationst - BRI FEZE G B E AT 4307 - R —
T BB RS R TR BURAY S E SR RS LRI

gtkwave: :ac gnalskFromList rvfpgasim.
gt 1 st rvfpgasim.
gt st rvfpgasim.
gtkwave:: gnalsFromList rvfpgasim.

HFGTKWave [ H.telfEZE »

clk

swervolf.swerv_ehl.swerv.ifu.ifu i0_instr
swervolf.swerv_ehl.swerv.ifu.ifu il instr

swervolf.swerv ehl.swerv.dec.arf.gpr banks(0).gpr(28) .gprff.dout

H#E4—F T File — Read Tcl Script File , (f&2% —

EEE

Tclf5 < 5 £2 Z£ ) il % 2 [RVfpgaPath]/RVfpga/examples/AL_Operations/test.tcl ¥ Z&

BITE -

13. [E88ZE <AL _Operations.SFE = fz ELEE R4 ESAE o

# RISC-V assembly
1i t3, 0x0

Imagination A Z:t#] — RVfpga A F9fs
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REPEAT:
addi t3, t3, 6 # t3 =t3 + 6 # 0x006EOE13
addi t3, t3, -1 # t3=t3-1 # OxFFFEOE13
andi t3, t3, 3 # t3 = t3 AND 3 # O0xO003E7E13
beq zero, zero, REPEAT # Repeat the loop # OxFEOOOCE3
nop # nop # 0x00000013

[E188. AL_Operations.S & FL 2518

BRI TR RN - BEERER ST > FEEHE OIS (EfFaix2s) K& R
[E8IFT/RHY(E

1i t3, 0x0 # t3 =0 # 0x00000E13
REPEAT: addi t3, t3, 6 #t3 =0+ 06=26 # 0x006EQOEL3
addi t3, t3, -1 # t3 =5 # OxFFFEOE13
andi t3, t3, 3 # t3=5&3=1 # 0x003E7EL13
beq zero, zero, REPEAT # Repeat the loop # OxFEOOOCE3
nop # nop # 0x00000013
REPEAT: addi t3, t3, 6 #t3=1+06=717 # 0x006EOQOEL13
addi t3, t3, -1 #t3=7-1=26 # OxFFFEOE13
andi t3, t3, 3 # t3 =6 & 3 =2 # Ox003E7E13
beq zero, zero, REPEAT # Repeat the loop # OxFEOOOCE3

FE189. AL_Operations#iTHifiIE S B 7R3 (x28) MY

14. 710100 nsfffHTHBOK Hﬂ“ LR FRF R 3 A BT W R 2 P 2R A R = A TR R F5 S BV T IR
(B90) - FiMEI52 (1i t3, 0x0 = 0x00000E13Ffladdi t3, t3, 6 =
0x006E0E13) SLHHHL i’i T ERISC-VERH 23 YIS 25—k (AER5Efu_i0_instr{31:0]F1
ifu_i1_instr{31:0]Ff7~ ) BE NN AIRIES (addi t3, t3, -1 = OxFFFEOE13A
andi t3, t3, 3 = 0x003E7E13) {F N —{EEEAREE - &REMEIES (beq zero,
zero, REPEAT = O0xFEOOOCE3fInop = 0x00000013) {FHE FAKAY N —{EFHHAREEY -

A SweRVZ [ ’395 CEEE %J%EE%%%D?FE%%J@; S EERIEIE S HRRUERY ) (E B 2% 74
A RER IR AR o B8 — (A1 ZIRI5 SR A8 (B BATR » HNE —RfE<S 11 t3,
0x0 (OXOOOOOE13) HYRA > %28 (t3) R B0 (JRARED) - —{EHEAE - AT
—&5Saddi t3, t3, 6 (0x006E0E13) HYJEKA » =288 # B0x6 - B3k » FHid
T—{&i5<addi t3, t3, -1 (O0xXFFFEOE13) HYEA » x28 B FHH &5 - &% » AT
—ﬂﬁ <andi t3, t3, 3 (0x003E7E13) WYHA > x28KFEH A1 o FHFEREILLUT M
{7¥5§%  beq zero, zero, REPEAT (0xFEQOOCE3) Fflnop (0x00000013) - &
éﬂ‘_&cﬁEZIE&LI T IEAE8ORT THETHYANEE o (ERVEDIATHERE » AT DU AR Es — 2k
£ SN E QO FIE 89FT T ©

Signals Waves
Time

clk=

ifu_ie instr[31:e] =

ifu_il instr[31:0]=

dout[31:0] =

[&90. #pl - =fTHA B s S HIBIT
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Whisper ( https://github.com/chipsalliance/SweRV-ISS ) /2 Western Digital 52517 — K RISC-V

EoHEEER (I1ISS) » HNEsESweRVE M 25 - (FEhER R - (THEEFEEEN
RISC-ViEFGEI T {TRISC-VAZ A - A Whisper » 1] DU H PlatformI Qs ~ sifTRI{EFEC
sHERE S eiE S MiEFENexys A7 FPGABERETK -

8. WHISPERE

Windows : 7 &1 o 6 4L 69 Bt A 55 BH #10 FE 28 A 7> Windows (¢ {1 22 &\ #4f Jean-Frangois
Monestier » i1 2R 4 Whisper £ & £l Windows : https://jean-francois.monestier.me/porting-
western-digital-swerv-iss-to-windows/ ) - 5535 - [REARE 0] AE € E oK (i A& EF Whisper
EEWindows[ K I o

| macOs : At HAIFA R IIEAT i macOS - |

(5 ] 62 %1 1 I Eclipse 2 PlatformIO > A IDE (324 BH5 85 ) H9 % FWhisper « {E7%
irf o P s —(E ] DU A0 5 7E PlatformlO g Ff Whisperfsifife = » 1% » o] L
LR P AL 5 B AR I B EA AR =X -

HATE e Whisper ISSHEEEAL_Operations » ' EAE 55581 I TAIHEAAYSE —(EE 0
artsie (F2HEA4) - 20 N HEPEREWhisper EETAIHEFRIEEZ TS |

1. BfELVSCode (f1PlatformlO) - FETHIGINREFRS [ > ##—F "File , (#£2) — " Open
Folder ; (FABUERIFE) » £ % HEk[RVipgaPath)/RVipga/examples/ » 4% ({HAFH
Bi) H#kAL_Operations » 28z#%—T "OK, (HEE) -

2. $##—T "File, (#Z) — "Open File ; (FARUEZ) ~ H#HM T
[RVfpgaPath]/RVfpga/examples/AL_QOperations/platformio.ini » R 1% W HEEUHEATITHIEE
EGwhispersti IS T.A. GEERIE91) - GEFE (JECH-S) -

File Edit Selection View Go Run Terminal Help
EXPLORER & platformio.ini X @ PIOH
~ OPEN EDITORS & platformio.ini
X & platformio.ini
P PIO Home
AL_Operations.5 src

~ AL_OPERATIONS

[env:swervolf nexys]

Operations.S

[E91. BUMSRATITHYE MR
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3. AT o b PIODebve - e )

4. WAL > A LAMEBAES6.BET T — B HsE LR [HE% AR A UL UE £ Whisper i JENexys A7
FPGAERRS R EAABERTT -

5. IEFE X FEWhisperth {5 F printfNexysii 8 » {#|41HelloWorld_C-Lang#ify] ( Z56.F&i) -
R TERHEPlatformIOfF7IBE s » R ARSI R T EE I HIE T (FB2RE92) -

File Edit Selection View Go Run Terminal Help
B PIO Debug & 8 Helloworld_C-Lang.c X

VARIABLES

BREAKPOINTS
PERIPHERALS
REGISTERS

MEMORY

DISASSEMBLY

@0A1 g PIODebug (Helloworld_C-Lang) .ﬁ v 3> & & @

E92. fEWhispertifTHelloWorld_C-Langzif]
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9. ffisx

DT B $% 81 7R T 0487 £ Linux o1 {52 F B 7 IR 46 55 RISC-V T- . # #1OpenOCD ( [fj /2
PlatformlO ) ~ 41{r] £ Windows H %z 25 {5 Ff] PlatformlO 1 3 {iz T 2 A BE B A2 =X ~ 207
Windows f1Mac OSZE i _ 275 Verilatorf1GTKWave - DLK 4140] {5 Fg Vivado ¥} RVfpgaNexys
HETIEREET - F105IH TR "RVipga AFHEr | T FATA o] VTSR -

&10. fffskiEE

TEEZ S
A fEUbuntu 18.04 o IR AGTERISC-V T H §# A Linux
OpenOCDARVfpga
B 1EWindows b 2248 i F Platforml| OFf 38 iy BREHFZ = Windows
C EWindows 2245V erilatorflIGTKWave Windows
D fEmacOSHZEEVerilatorfllGTKWave macOS
E {#H FVivadojERVfpgaNexys &k Z|FPGA |- Windows#ILinux
F TE LBV e A fE iR Vipga AT

bt 3% AT FH 5 AR 2 (5 P BT T R 4 5 gee/gdb T L AIOpenOCD » PAJR A 75 T 4w s AT TH{H S5 TE
AHIEERE - {22 - BBERVipgalE & APlatformlOZ A » AIA AFHHERIFTAL -

Windows {ifi F ¥ DAE G $% BRI 8% CHRAVEREA - MTEkBaREA T 41fo] T EkBREIFE S > J3(F
Windows Z45 i FH PlatformlOzik &2 = > DU 21{a[EFRVIpgaNexys T #;Z|Nexys A7 FPGAE
BEM I o MfERCRE R T W) 2245 VerilatorAIGTKWave DL {FEWindows (i F3 1] DUEEER VipgaSim -

macOS(H & PVEEENT D AYEREA LU FH Verilator fIGTKWave sk i R VfpgaSim -

5 f PlatformlOjéRVfpgaNexys 2.4t T &k ( dbitfErvfpganexys.bit’E & ) % Nexys A7
FPGAZE &l _F - #ZbittgZ (rvfpganexys.bit) ©] Ll VivadodiPlatformlOzEA4: - [hoh » #Eh]
LA VivadoiiRVipgaNexys £ 4t T # £INexys A7 FPGABE &l I » 2 $RERTHL - {HiE -
R H VivadoikiRVipgaNexys & F| & &l _E — Fil2Windows{EF ¥ » R A BEHRIERR
BT AR BEENE S -
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Fif$EA : F£Ubuntu 18.04F{#EFF4RISC-V T E#f10penOCD

e M E R e H PlatformlO » EAEARETT - BIFaR Ao 245 ~ ST RI6E F IR 4605
RISC-VT E## ; #1{u]{H F§OpenOCD;ERVIpgaNexys [ #;Z|Nexys A7 FPGAZERAN 3 DIk
W{n[{# FHgdb{ERVfpgaNexys_F#{THIESEIE o 2% T H#EHgnuiREas - (H58 T H - HEe85%
4R - MR T afefEUbuntu 18.041E¢ 445 (OS) LZ4ERISC-V T E##A10penOCD - {H
e AR P A A I A LinuxS${ ThIAS » 78 s BAECE (R 2 8rHyUbuntu 247 -

IR (E T ZEPlatformlO > IEFEETLL N ER - A0AERIATIATAL - 23 A PlatformlO
VivadofiIVerilatorsiWhispersGEi{T ~ {HEEFIAEIRISC-VIZ= » {HE - $HFH BEER(E AR
1aEERISC-V A ##f10penOCDAE {PlatformIOA1Vivadotffe & S HIE(THEH# - feft T
LUNEREA -

I. ZELinux Ubuntu OS_F {72285

TEAREH » B M43 T a0 EUbuntu 18.04 25 H DU 4= 77 27 4ERISC-V T E# - OpenOCD
1 Whisper - 75 £ T H &% f{PlatformlO ; 1R GSGE 56Tl » 52875 B 4245 Vivado Al
Verilator -

RISC-VT g

TEIE IR R A R B RS 22 8552 %2 RISC-V T B8 > Bllgnu4mzEss - ([EiE T B -
RISC-V International /£ DL M B2t 7274557 81 © https://github.com/riscv/riscv-gnu-toolchain
BRI AT -

fifaE - 20 4<RISC-V T E#H10penOCD A RE TS Z A& (E/ Ny - KBRS RITEAE 7 FhF T HE
#,o G L

TE4 It AL T NS (ZARF AT RE R —(E 25/ NEF - (H KRB I AR ACAE T e =0 T A
ZEER)
e sudo apt-get install git autoconf automake autotools-dev curl libmpc-
dev libmpfr-dev libgmp-dev gawk build-essential bison flex texinfo
gperf libtool patchutils bc zliblg-dev libexpat-dev

git clone —--recursive https://github.com/riscv/riscv-gnu-toolchain

cd riscv-gnu-toolchain/

./configure --prefix=/opt/riscv --with-arch=rv32imc

sudo make (WIHHAE * FH{EH sudo make -3j$ (nproc) » tf5< A DLEAE M Hd 4R
SEIFRET)

e export PATH=$PATH:/opt/riscv/bin ({FZLIHEH )

OpenOCD
OpenOCDE— R Y &t 1 EAESE TR » e & A HEEE B TR GG TRIE
55 o 12N HAPERRIRISC-V OpenOCDZAEF &R - -

e sudo apt-get install libusb-1.*

e sudo apt-get install pkg-config

e git clone https://github.com/riscv/riscv-openocd.git

e cd riscv-openocd/

e ./bootstrap

e _/configure --prefix=/opt/riscv --program-prefix=riscv- --enable-ftdi

--enable-jtag vpi
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e make
e sudo make install

Whisper
I EAVT B R WhisperZ 2525 1S - (ARERRHT » 5525
https://github.com/chipsalliance/SweRV-ISS » T EH ¥ HET 7= )
» apt-cache policy libboost-all-dev
sudo apt-get install libboost-all-dev
cd [RVfpgaPath]
git clone https://github.com/chipsalliance/SweRV-ISS
cd SweRV-ISS
make BOOST_DIR=/usr/include/boost
export PATH=S$PATH: [RVfpgaPath]/SweRV-ISS/build-Linux (FRIEEEE T

[RprgaPath]) °

YV VVVVYY

%BOpenOCDZERVfpgaNexys _F#if7fRE=

JFEEA. KiRVfpgaNexys &k ([E25) F[Nexys A7

1. ¥ ZE4RVipgaNexys bith Z (82 H ##
cd [RVfpgaPath]/RVfpga/src

2. fE]OpenOCDKRVfpgaNexys [ #FEp& i+
riscv-openocd -c "set BITFILE rvfpganexys.bit" -f

OtherSources/ConfigFiles/swervolf nexys program.cfg

S EEB. #fTLedsSwitches » 2 2 EAGHRBRN B HARREZIRAELED [

3. % LedsSwitches/commandLine H3# :
cd [RVfpgaPath]/RVfpga/examples/LedsSwitches/commandLine

EZ Bt - o[BI R dmeR R et Uiy Makefile ~ 284515515 ~ pythonfs S5 LUK
LedsSwitches. STE=, -

4. YEiE.elffgZ

make clean
make LedsSwitches.elf

5. #OpenOCD#Hi#%]SoC :
riscv-openocd -
f ../../../src/OtherSources/ConfigFiles/swervolf nexys debug.cf

g9
OpenOCDEHIEETTT. » Rt FRAERIERE, - Hrp—RIETR
Info : Listening on port 4444 for telnet connections

6. BARL—{E&mtk - 2 2fEXHEk (cd
[RVfpgaPath] /RVfpga/examples/LedsSwitches/commandLine ) » M/#YTLL NApS -
telnet localhost 4444
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. A .
S IPANE
load image LedsSwitches.elf
reg pc O
resume
B =TTar SHYERIAN T ¢
=
()

1852 (Program Counter » PC)

(1)¥iLedsSwitches.elff2 =t #k A £|RVfpgaNexys |

' ()12
S E R0 (FRFE—1TIES Lkt ) (3)MkiEEh
2 2B B i ERVipgaNexys F#h{T » RVfpgaNexys g A E 20 B2 N &k F[Nexys A7
FPGAZE &M FAYRISC-V SweRVolfX SoC -
HF - LEDwEr 17 B8 DU G B A

%
° A2\ (ELEDBEURFARH IR

f& - FREIBER
7.

JPEEC. BT B B i 5 AL _Operations_CommandLinef2=ET{H8E
AT > FFErafo] s F OpenOCDHIgdb{E#E 55—{E#F 2=t (AL_Operations_CommandLine )

“F7OpenOCDHERBHEL (FE2EIAERS) -
8. fE#{Ttelnetty Hth&umikd (¢

exit

A ER6RER)

N2y
’

i ALL T S A telnet
9. #®Zf&AL_Operations/commandLinefyEi 2% H #%
cd ../..

LR
/AL Operations/comm;?aLine
ez Bk - [ HE 4R 2 612 =5y Makefile ~
AL Operations.SF2 =
10. 4R elffg 2% -

HLEE S ~ pythonfs S LU
make clean

make AL Operations.elf
1. 8% - (EIEEIm i - i A DL~ NS 2KEEgdb
riscv32-unknown-elf-gdb AL Operations.elf
12. fEgdbiZRHI & H - #A

target remote localhost:3333
load

=5 EEE]0penOCD - i AL _Operations.elff=0i#i A FECiEpa Tt -
13. BAEBIO{EEERE S o By ALUT 4130 75 B
i

disas 0,20
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Z PR E0E20 (R EfE(rak20) HYHERE SRS - 552 RE93 -

(gdb) disas 0,20

Dump of assembler code from 0x@ to 0x14:

=5 _start+0>: 1 L gl
REPEAT+0>: addi t3,t3,6

addi t3,t3,-1
andi 3 E3-3
beqz zero,0x4 <REPEAT>

[E93. M A=

i r t3

ZFYIBUNEFEs t SN » B - o] DU ABERAVARA © info reg t3-
A HE94 -

(gdb) 1 r t3
t3 0x0 0
[E94. FIEIE et 3maME

i r pc
AP YIBREZETEES (po) HIAE - 552 HIE95 -

(gdb) 1 r pc
DC Ox0 <

[&95. FENE ME—TE CHTEFasPCHEaRIE

stepi
ir t3
stepi
ir t3
stepi
ir t3
stepi
ir t3

stepiffEHE#IT—HRIES - 1 r tIMERENEFat3HINE - sH2EE96 -
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[ 96. ﬁ—ﬁtﬁﬁﬁﬁ?ﬁ”‘*iﬁﬁﬂ@ﬁ%ﬁ

{5 FHQdb5E i B AT {7 S5 Y (R BB RI PR R 1% - i8S AE gdb#& Hi i P iy A quitZ iR tHgdb - 1E
OpenOCD#& % i A C2E HOpenOCD -

lll. {§EVerilatorfERVfpgaSim_FEEFZ=
1. fEUbunturH BB it
2. (&t o A T DL N e oK E A S e (AR ¢

cd [RVfpgaPath]/RVfpga/verilatorSIM
make clean
make

tEZE Vrvipgasim ( RVipgaSimigfze —#ErtE ) FELE H $k[RViogaPath)/RVipga/verilatorSIM
NEEE -

3. BEASEAEPIHTERK :

cd [RVfpgaPath] /RVfpga/examples/AL Operations/commandLine

4. IR AR

make clean

make AL Operations.elf
make AL Operations.bin
make AL Operations.vh

5. TS -

../../../verilatorSIM/Vrvipgasim
+ram init file=AL Operations.vh +vcd=1

MFVEETR o IR It T i A NCIE (A5 - trace.ved fEEC A » AIAEAGTKWave
HRFECBHER ©

gtkwave trace.vcd

6. IZIRETHEIVER8 BN 2P BEHYRR I - REEHEE TS S B TG HET T /AT -
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IV. Z££Whisper FE#EZE=
1. FEUbuntu B R i

2. BEasEAHEHPIRYERK

cd [RVfpgaPath] /RVfpga/examples/AL Operations/commandLine

3. EENIAHEERER

make AL Operations.dis

4. 1E4miH s BARLAL_Operations.dis - FKEEEIU TAZ

< _start>:
0: 00000el3 11 t3,0
<REPEAT>:
4: 006e0el3 addi t3,t3,6
8: fffelel3 addi t3,t3,-1
c: 003e7el3 andi t3,t3,3
10: fe000ae3 beqgz zero,4 <REPEAT>
14: 00000013 nop

5. FELEHE TEITIR AL -

whisper --interactive AL Operations.elf

6. {H#bfE -

whisper> step
#1 0 00000000 00000el3 r 1lc 00000000 addi x28, x0, 0x0

whisper> peek r x28
0x00000000

whisper> step
#2 0 00000004 006e0el3 r 1lc 00000006 addi x28, x28, 0x6

whisper> peek r x28
0x00000006

whisper> step
#3 0 00000008 fffelel3 r 1lc 00000005 addi x28, x28, -0x1

whisper> peek r x28
0x00000005

whisper> step
#4 0 0000000c 003e7el3 r 1lc 00000001 andi x28, x28, 0x3

whisper> peek r x28
0x00000001

{5 Fwhispersg R SURIE (Fas iU HEENER R R - Ed et A quitdCR H, -
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fif$%B : £ WindowsthZz35( A PlatformlOFr R HVERE)FE =
SR ZadignT T » HEEE LT (FA2RMET)

https://zadig.akeo.ie/

B4 Inbox (12 B4 RISC-VG ) Documer Downloa B Notepad + — 0O X
(O Whttps://zadig.akeo.ie) eoe v N @O & =

Driver  WinUSB (v6.1.7600.16385) @ WinUSB (v6.1.7600.16385) = juse Imucai By
WinUSB (libusb-1.0)

USBID 04D8 FAE libusb-win32
5 Reinstall WCID Driver ¥ libusbK
WCD £ ' WINUSB WinUSB (Microsoft)

4 devices found.

Zadig is a Windows application that installs generic USB drivers, such as WinUSB, libusb-
win32/libusb0.sys or libusbkK, to help you access USB devices.

It can be especially useful for cases where:

e you want to access a device using a libusb-based application
¢ you want to upgrade a generic USB driver
* you want to access a device using WinUSB

Note: "libusb-based” above means an application that uses either libusb, libusb-win32 or libusbK.

Download

Updated 2020.03.28:

» Zadig 2.5 (4.9 MB)

o Other versions
System Requirements:
Windows 7 or later.

Windows XP and Windows Vista are NO LONGER SUPPORTED.

Usage

B97. ZZ&EPlatformIOfEFHYNexys A7 IR EREIRE

¥#— N Zadig 2.5 A7 TR THE - AR TZIEZE (zadig-2.5.exe) E%T;S%fﬂﬁ\,\?ﬁkfﬁ
B o I e DAE rStartJ (FE%B) T8 b%%qjﬁﬁﬂkzadigiﬁ?iﬁu%z*éfﬁ o ZAR T REE I
BB BN Zadigf B ETEE > DEER LA HEEEN - WRHE—T " Yes |
(&) °

i Nexys A7 85 AR B HE 2 B K1 Bt - {£ZadigH » #%— 1 " Options ; (#EXH) — " List All
Devices ;, (FIHFTELEEE) (E2RE8) -
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L Zadig - X
Device Options Help
List All Devices

Ignore Hubs or Composite Parents s Edit

~ Create a Catalog File

i - M Infi ti
Driver '+ Sign Catalog & Install Autogenerated Certificate - f)re " 'orma y—
WinUSB (libusb)
UsBIU Advanced Mode libusb-win32
- libusbK
Log Verbosi > —
il 2 s WinUSB (Microsoft)

0 devices found.

[B198. ZadigHHy " List All Devices | (FHFTASE )

WHRE— T PR IEEE » B EFFIHA T Digilent USB Device (Interface 0) ; ( Digilent
USBHEE # (4/rm0) ) Al ' Digilent USB Device (Interface 1) ; ( Digilent USBZ5E (/11
1) ) - % 5 " Digilent USB Device (Interface 0) ; (Digilent USBSEE (4p1l0) ) Z285%T
HIBEENE (FF2RE99) -

I Zadig - X

Device QOptions Help

Digilent USB Device (Interface 0) v [[JEdit

Digilent USB Device (Interface 1)

Intel(R) Wireless Bluetooth(R) ation
Integrated Webcam (Interface 0)

Goodix Fingerprint Device (Interface 0)

Lenovo Optical USB Mouse

; Replace Driver ? libusbK
WCID = JE WinUSB (Microsoft)

6 devices found.

E99. EDigilent USBE:EE (/E0) ZZHEWIinUSBEEENTER,

HAE > A HWinUSBEEE) 12 & #a FTDISEEI 2 X - 1E 10077~ < #%— T " Digilent USB
Device (Interface 0) ; (Digilent USBE5E (41E0) ) ¥fJERY " Replace Driver | ( HYfCEEHS
#230) (= "install Driver ; (Z4EEEEIFE0) ) o K2 8ENexys ATEPEIRAVEREITEZ » B
o WRAIT 245 Vivado - Hilg A PlatformlOfsi F 1y WinUSBEE SN 12 = #4 Vivado [ F 1Y
FTDISESEFE = -
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L Zadig — X

Device Options Help

Digilent USB Device (Interface 0) v | [C]Edit
Driver | FTDIBUS (v2.12.28.0) ‘ @) | WinUSB (v6.1.7600.16385) |2 More Information
WinUSB (libusb)
USB ID | 0403 H 6010 H 00 | libusb-win32
. Replace Driver v libusbK
WCD E WinUSB (Microsoft

6 devices found.

[E100. S ifiNexys A7ERS iRINEEHZ

— BRI CHE B2 ori#) 1% - Zadigifffs mEBENE XN EEREZ S < 3% —T [ Close ;  ([#
F) > A&EARZadigiss -

T A{FE A PlatformlOR > fit s S 8Lz BeEhfE =t - HiEEE - FEWindowsH » FZEREIFE
B Vivado R AHZE - It » K B F (8 A Vivado [ bit #% T~ #; FFPGAE & AR [ o 415 B2 {8 F
Vivado T a#kbitis (RiEsg) - RIFE R EEEhfE 208 R fybE Vivado—E 22 851 R AR B = -
W $% E P Frrf
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ffi$%C : FEWindowsHZz3EVerilatorfiIGTKWave

FLLM SR T FRFIEREA AN A Windows 10thZ74E Venlator%[[GTKWave o T—WlndOWSEP Y=
(I CygwinzkZ e Verilator » PRI AP & sl B el 22t AR Fasa T TP

CygwinZzt :

48 E (https://www.cygwin.com ) Fffift » Cygwini GNURIBHTL R 460E T E 40K z_lﬁbIE
o] £ Windows I 2 {1t B Linux 8 77 i A DL Y D B8 » #2 08 T H AY 2 BE £ Windows 10 L%
Cygwin -

1. At H  (https://cygwin.com/install.html) - ZR7& N4 Fysetup-x86_64.exel V2
%‘%1‘%’ ([E101) -
€ Cygwin Installation x |+
& O @ & https://cygwin.com/install.html

Cygwin

u
Install Cygwin
~ Cygwin
Search Packages
Licensing Terms
Get that Linux feeling - on Windows

Cygwin/X
‘Community
Repu‘ﬁg Problems

Installing and Updating Cygwin Packages

Gold Stars Installing and Updating Cygwin for 64-bit versions of Windows

Mirror Sites B B B
o Rud setup x86_64 exefany time you want to update or install a Cygwin package for 64-bit windows.

Documentation
FAQ
User's Guide
APl Reference
Acronyms

Installing and Updating Cygwin for 32-bit versions of Windows
Run setup-x86.exe any time you want to update or install a Cvgwin package for 32-bit windows. Th

Signing key tramsition

Contributing
Snapshots The key used to sign setup binaries has been updated. During the transition period, signatures are mz
Source in Git

Cygwin Packages See this mail for more details.
Related Sites

General installation notes

E101. CygwinZz5548H

2. fﬂﬁ?**’iﬁému\f G EBUTIAEZE ([E102) - 7% "Next;, (F—F) %K (RETH
SERTE o PSR R/ T Choose a Download Site | (GEEZ Na#Ei4Eys) ([E103)
TLJ\ R P — T o
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E cygwin Setup — O *
Cygwin Net Release Setup Program

This setup program is used for the initial installation of the
Cygwin environment as well as all subsequent updates. The
pages that follow will guide you through the installation.

Flease note that we only install a base set of packages by
default. Cygwin provides a lange number of packages
spanning a wide variety of purposes.

You can always run this program at any time in the future to
add, remove, or upgrade packages as necessary.

Setup version 2.905 (64 bit)
Copyright 2000-2020
hitps://cyqwin.com/

< Back Next > Cancel

E102. CygwinZz8S 155

E Cygwin Setup - Choose Download Site(s) - O s
Choose A Download Site =
Choose a site from this list, or add your own sites to the list (il

Awvailable Download Sites:

http://mirmors. 163.com -~
https://mirmors. 163 com
https://mimars.aliyun.com
wir.mirmor.constant.com
http://cygwin mimars hoobly com
http://mirmors koehn.com
https://mirmors koehn com
hitp://mirmors metapeer.com
https://www singleboersen.com
http://mirmar team-cymru .com
ftp://mimors xmission com
hittp -/ /mimors xmission.com
https://mirmors xmission.co W

U N PO

User URL: | Add

< Back Next = Cancel

[ 103. 3E5F T HR4ELA

3. #(EPER1% > i A " Select Packages , (EIFE(}:) #iEg ([E104) - #E#E "Full
(5e%8) 1ilE - AE104F7T7R -
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E Cygwin Setup - Select Packages

Select Packages
Select packages to install

View |Category “~|  Search Clear

(O Keep (@) Best (O Sme [ Test

Curent  New Sc? Categories

Size Description

Default b

<

Hide obsolete packages

BHVRPEEN -

< Back Next = Cancel

[El104. " Select Packages | (EIEE#f) HE

4. KEURIDZENERNERER (E105) - /£ "Search ({=) Jiir » BEEHY

E Cygwin Setup - Select Packages

Select Packages
Select packages to install

OKeep ®Best  OSmnc  [Test

Package Curent New Src? Categories Size Description ‘ ~

2048<li Skip | | | Games 10k 2048 game for terminal

2048-cli-debuginfo Skip - : Debug 2% Debug info for 2048-cli

2048 qt Skip hd : Games 1,371k 2048 game for Gt/KDE

2048-qt-debugirfo Skip ~| O Debug 2257% Debug info for 2048-qt

4i2-debuginfo Skip ~| | | Debug 3.976k Debuginfo for 42

AtomicParsley Skip - : Audio 10% Commanddine program to read and set MPEG-4 tags comp

AtomicParsley-debuginfo Skip hd : Debug 287k Debug info for AtomicParsley

CUnit Skip hd : Libs, Math 103k Clnit is a Unit testing framework for C

Clint-debuginfo Skip «| [] Debug 76k Debuginfo for Clnit

ELFIO Skip ~| | | Devel Libs. Syste... 694k  ELFfile reader and producer implemented as a C++ library

GConf2 Skip - : GNOME 30% GNOME corfiguration database system

GConf2-debugirfo Skip ~| O] Debug 67%  Debug info for GConf2

GealP Skip | [ net 31k GeolP C library

GeolPdatabase Skip - Net 24604k GeolP Lite free) databases

GeolP-debuginfo Skip - Debug 118  Debug info for GeolP

GraphicsMagick Skip hd Graphics 88% GraphicsMagick library

GraphicsMagick-debuginfo Skip hd Debug 4,095k Debug info for GraphicsMagick

ImageMagick Skip - Graphics 102  Image processing sute (dtiities)

Image Magick-debuginfo Skip - Debug 6,902 Debuginfo for ImageMagick

Image Magick-doc Skip hd Graphics 5,367k Image processing suite {documentation)

ORBit2 Skip hd GNOME 84k CORBA 24 Object Request Broker library

ORBit2debuginfo Skip - Debug 802 Debug info for ORBIt2

OpenCalarll Skip - Graphics 94k Color management for computer animation

OpenColorlD-debuginfo Skip *| | | Debug 4,647 Debug info for OpenCalorlD

OpenCaloriO-doc Skip *| | | Graphics 746k  Color management for computer animation

OpenSP Skip hd : Text 314k SGML parser utilities

OpenSP-debuginfo Skip - : Debug 442% Debug info for OpenSP

R Skip - : Math, Science 42.27% R Statistical computing language

R-debuginfo Skip «| [] Debug 6,736k Debuginfo for R

R_autorebase Skip | L] Math Tk Incremertal autorebase for R modules

SDL-debuginfo Skip «| [] Debug 51% Debug info for SDL

SDL2-debuginfa Skip - Debug 1.458k Debug info for SDL2

SDL2_image-debuginfo Skip x| L Debug 25% Debug info for SDL2_image v

T —— e - mene B PP R s
Hide obsolete packages

< Back Next > Cancel

[El105. " Select Packages ; (ZEEEEWH) HE -

"Full; (528) HiH

Ry T RES g Verilatorili e A MR Ess HEMUAR - FRELECLU T BN
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- git

- make

- autoconf

- gcc-core

- gcc-g++

- flex

- Dbison

- perl

- libargp-devel

fECygwinZe e 2/ DEFRELEN: - R TPRE - BERELEf (RMABREETDE
—HEMFgi et B - HAEFAIRE P BLtAEE)

- 1£ "Search, (i) Fih=kgitEM: ([E106) -

E Cygwin Setup - Select Packages

Select Packages
Select packages to install

View | Ful ~ Search Clear

Package Current MNew £
cgit Skip 'l I
cgit-debuginfo Skip 'l l
engauge-digitizer Skip 'l l
engauge-digitizer-debugirfo Skip 'l l
geany-plugine-git-changebar Skip 'l l
girepository-Ggit1.0 Skip 'l l
I =" W - (X
git-archive-all Skip '! !
[E106. FikgitEH:
- AR MU DHRER P B R RO AL 2 BEE R U7 R ([E107) -
Sewnp e yegone e P e Lo g g e g s
girepository-Gait1.0 2 L1 libs 66k GObject interface to ibgt2

git-archive-all TT.1 Devel 14 Git archive with submodules support

107, SRR A A R

- B RIOEERNHGEARITHEEIRE - ERZEIENT » ATERHEH A - HE
NEMgec-corefllgece-g++ > EEFHMRA10.2.0 » R ERHThRA (EEERAH
HF511.2.0) EiVerilator{Z{r—LhEze -

5. BHEILMEL% - (RS EE T TNext, (%) DI{ECygwinZels (Bizeusie
Fr o sh2RIEN08 » IR AR A ) Pl Akl F (Finish | (52
B sERtzess (E109) -
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E 58% - Cygwin Setup - O X
Progress =
This page displays the progress of the download or installation. =
Downloading...

info-6.7-1 tarxz from hitp://cygwin mimor constant.com/x86_64...
78 % (385/490k) 117.3kB/s

Pogess: |

Total I
Diske: 1

< Back Next =
[E]108. CygwinZz#E

E Cygwin Setup - Installation Status and Create lcons — O *
Create Icons =
Tell setup if you want it to create a few icons for convenient access to the =

Cygwin environment.

Create icon on Desktop
Add icon to Start Menu

Installation Status
Installation Complete

< Back Cancel
[&109. SEpZesE

6. WRFERFEE T EICygwinizder » SR EFEEIVER2-5 -

VerilatorZg4t :

20 T R B AEWindows 10 2285 Verilator »

1. BARCygwin&imt% ([E110) - AI{EWindows:®iai=k " Start; (FHR) THEER TIRFIZL
Bt o
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E110. Cygwin&&irit&

2. %ZZH”M‘F*ﬁ%ﬁ?ﬁéﬁm%ﬁjﬁﬁgverilator ° iEHIRERR B e (EZEMME/NE) > BRSHUAR
ERHEHYERIE

git clone https://git.veripool.org/git/verilator
cd verilator

git pull

git checkout v4.106

autocont

./configure

make

make install

VVVVYVYVY

GTKWaveZz4: .

GTKWaver] DLIE B TE 4R 22 & (/¢ https://sourceforge.net/projects/gtkwave/files/ T & - =k &
HrHyWindowsEM: (1E4R 5 A - Eff fygtkwave-3.3.100-bin-win64 ) - 73 NEZE
{107 L R JRR 4 _J7(‘b/n 2L N R B — 1 4 By gtkwave ) Bl i T4E > 0] DUFEWindows 25 i
Hh TR AL -

Imagination k&5t & — RVfpga AF9f5rd
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ffi$%D : FEmacOSHZzSEVerilatorfiIGTKWave

TEARKT % > FeM1ER BH 4017 £ macOS Hr 272 45 Verilator F1GTKWave - 32 a6 B {51 F{ macOS
Catalina 10.15.6 17 7 HI& » HEET o] DUE H A A BV /E 3£ 24t 1 { H - Homebrew
( https://brew.sh/ ) EEH E N4 - HitmacOSH &5 —EHEZEHNEFER B
MacPorts » 1] DIFRFEFELIA0EE (https://www.macports.org/)

gec&t ¢

By T i F Verilatordmassr iR Ees - RMEAE LG T LRt LAM - H S ITEAT TN ZE
AR Srngas TR o NE AR P RETA

1. ZHEXCodefi S ¥ T H » 35+ E > BB ZEELLVM > HAEZHE1% > gecdn S aA% |
FH o Bl > 554F " Terminal ;  (&%Umt% ) R AL N as ¢

" xcode-select -install

2. {HFHomebrewZ:4Egcce - B AU N4 -

o brew install gcc@9

VerilatorZzg :
{ii FFHomebrewZ£5Verilatorgif (£ 4 £ BRI 45 stk il A DL N a5 — 1 EEE -

» Dbrew install verilator

gtkwaveZzgE :

HA PR FR i Fi Homebrew 2z 8egtkwave - {HiZJCEHFHGUI macOSIEMFE » NILFMIFRZE
[ cask - 1ERHRHIE i i ALL N an <

» Dbrew tap homebrew/cask
» brew cask install xquartz
» brew cask install gtkwave

LAESEHEI% 0 T Application ; (JEAFES) &Ekle T E 3R gtkwave.applEl o Fy T G <
HIEE AL IE RS > nTRERR 245 Perl B REfEAH

» cpan install Switch
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12 I LL N ER(E R VIpgaNexys ¥ FPGAE TR2x(EksT (148 Vivado)

WINDOWS : fEWindows T MYV ERRT > Tz IR (MI8RE) KEEFTIL - bR
285y VivadofiE Y BEEN 2 -

a. jFFNexys A7TEE AR EEBEF EEHE -

b. R/ 8GR EINexys AT EEEEAR -

c. BHEgVivado 2019.2 -

d. fVivadoth BARLR] N A8 &7 5 - AE1 11 iyZe HEERE ST PR e

Vivado 2019.2

File Flow Tools Window Help O Quick Access

VIVADO'

HLx Editiens

Quick Start

Create Project >
Open Project >
Open Example Project >

lanage N
en Hardware Manager o
Xilinx Tcl Store > .

Learning Center

Documentation and Tutorials >
Quick Take Videos >

Release Notes Guide >

[E111. PR EE R

e. Hardware Manager , (WRSEHEE ) KBHEL - AAEAIEEHEIZAFERUE MBI H A -
% — 1~ 'Opentarget, (IR — "Autoconnect , (H##%) FAEIERE (E112) -

File Edit Tools Reports  Window  Layout Wiew Help
=, o
HARDWARE MANAGER - unconnec ted

0 No hardware target is open Open targst
Hardware ? 00X

o

[E112. FRRE R

f. 532 T Program device | (F2:\EEE ) » WEM13F~ » IIE » BEFRVIpgaNexysH; A
FIFPGA L - fFHfRiE+ » #¢[RVipgaPath)/RVipga/src/rvfpganexys.bithi5E T Bitstream
file , (firc&#fitd) - #—T "Program, (2 -

Imagination A Z:t#] — RVfpga A F9fs
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Ele Edit Flow JTools Reports Window layout View Help Quick Access

=] X

AR

Flow Navigator

v PROJECT MANAGER @ There are no debug coresf Pr
£+ settings
Hardware
Add Sources
a = £ &
Language Templates
Name Status
1P Catalog ~ ¥ localhost (1 Connected
~ B¢ xilinx_tcfiDigilent/2102924D21 Open
v IP INTEGRATOR v # xc7al00t_0 (1) Programmec
Create Block Design XADC (System Monitor’
v SIMULATION selact  bistream programming fle and downio: dtt o your hardware devce. Vou
optiof Hltdbgpbf\th dtthdbg
Run Simulation 2 5 Contaned inns bitstraam pragramming fib. ’

v RTLANALVSIS

Hardware Device Properties 2 _ [ [§ %

» Open Elaborated Design I Bitstream file: dchaveriRvipaarpraject_Liproject _Lruns/imel_Lindpgasit o[-
£ xcTal00t_0

Debug probes file:
v SYNTHESIS

Hame: xc7a100t 0 ) Enable end of startup check
> Aun Synthesis Part: xc7al00t
> Open Synthesized Design © code Las31005
v IMPLEMENTATION R length: s [©)
P Run implementation Status: Programmed
» Open Implemented Design Programming file: £ Liproject_1 runsfimp|_1/nfe

E113. FEs 48

g. #%FbsEi% o B HRVIpgaNexys ( LAFPGA K HEZRYJSweRVolfX SoC - :52:H[E25) %
FPGA#E TR ELET -

h. #:f% > {£Vivado##— T " Hardware Manager |, (WEREH &) &4 L ITHIXZ HERAER
MHardware Manager ;, (WEREEHE) (E114) - DFVivadofE EEEHK -

View  Help
¥ Dashboard +

o O

[E114. BEAEREE ]

e e =B IR RsWindows s VivadofiE FIHVERENE R

BEEME » F£EWindowsHt > Nexys A7 FPGAEE Al iy 5& B =0 VivadoF1PlatformlO _F HFf
RIE - SRR A PlatformlO¥FPGAETIEE%ET » WAGSGES. AR - (HE » 4
SREL( F Vivado NkbithE - DAEAE T % B 2 45 ny R N2 0B I FsNexys A7 FPGA*E%}Q
fyVivado (FTDI) BEEfE=C o Kyt > @Dl 53UBHEL " Device Manager ; (#:E%E

8) ¥ "Start, (FitR) Theesk » fEf =+ A " device manager | > %ﬁ(ﬁiﬁ*
T "Device Manager , (#FfFEHE) (5E2EIE115)

Imagination A2 1-# — RVfpga A Fi5Eg
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All  Apps Documents ~ Web More ¥

Best match

<= Device Manager v
Control panel

Settings

¥ Device security >
¥ Device performance & health >
® Device specifications >
%5 Device encryption settings >
Bluetooth and other devices settings >
S Printers & scanners >
A Find My Device >

Search work and web
L device - See work and web results >
Documents - This PC (4+)

Apps (4)

| pel device|\'\'m ge |

2

Device Manager

Control panel

=y Open

[E115. BHEL T Device Manager | (E%{FEHE )

B A > J2BA T Universal Serial Bus Devices
( Digilent USBZEE )

" Digilent USB Device |
[E116) -

screen

IR1% 1512 T Properties |

80%

- @

M Device Ma nager

File Action View Help

L L Al llE

H= =

e
b 4
.

9 Bluetooth

@ Cameras

3 computer

w Disk drives

[Zd Display adapters
; Firmware

= Keyboards

[ Monitors

I Network adapters

i Ports (COM & LPT)
M Print queues

u Processors

B Security devices

¥ Software components
B Software devices

Gu Storage controllers
E3 System devices

<

§ Digilent USB Device
i USB Connector Manage

Opens property sheet for the currer

) Human Interface Devices

I Memory technology devices
w Mice and other pointing devices

i Sound, video and game controllers

¥ Universal Serial Bus controllers
¥ Universal Serial Bus devices

Update driver
Disable device

Uninstall device
Scan for hardware changes

Properties

Imagination
university programme

CERFPYIERPEEE) - LUgRAHEE—T

(B (F2HE

E116. BAEkDigilentfyNexys A7 FPGAERIEAVEEEIZR Bt
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£ " Properties | (J&%) it > #%— T "Driver , (BEEHE) R5[HEE > ZA&EEE ' Roll
Back Driver , (k{E5eghie=) (FH2REEN17) -

Digilent USB Device Properties X
General Driver Details Events
- Digilent USB Device
Driver Provider: libwdi
Driver Date: 8/9/2018

Driver Version: 6.1.7600.16385
Digital Signer: USB\VID_0403&PID_6010&MI_00 (libwdi

autogenerated)
View details about the installed driver files.
Update Driver Update the driver for this device.
Roll Back Driver If the device fails after updating the driver, roll

back to the previously installed driver.

Disable Device Disable the device.

Uninstall Device Uninstall the device from the system (Advanced).

OK Cancel

B117. BEREE,

H’%ﬁﬁtﬁﬂ{jﬁ SRR E YR - SR —(EE - W& —T TYes; (B) (G
2EE118) -

Driver Package rollback

Are you sure you would like to roll back to the previously
installed drivers?

Rolling back to older drivers may reduce the functionality or security of
your device. If this doesn't resolve the issues you're having with your
device, visit the manufacturer’'s website to determine if updated drivers
are available.

Why are you rolling back?

® My apps don't work with this driver |

O Previous version of the driver performed better
O Previous version of the driver seemed more reliable
O Previous version of the driver had more features

O For another reason

Tell us more

. [

[ 118. HER M
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FREhiE =UIRIE R SR BEEIf2301% > | Driver Provider ; (EREHFE=$2(EE ) FEHIR BFTDI
(E2REE119) -

USB Serial Converter A Properties X
General Drver Details Events

e USB Serial Converter A

Driver Provider: FTDI

Driver Date: 8/16/2017
Driver Version: 2.12.28.0

Digital Signer: Microsoft Windows Hardware Compatibility
Publisher
Driver Details View details about the installed driver files.
Update Driver Update the driver for this device.
Roll Back Driver If the device fails after updating the driver, roll

back to the previously installed driver.

Disable Device Disable the device.

Uninstall Device Uninstall the device from the system (Advanced).

Close Cancel

[i119. FTDIREEHTE RS R BLAVRRENE S

BAE > ] DU F Vivados iz T SR i i 8 A ZIFPGA RS | - (HIZ - {575 2 H] Zadig Bk
Nexys A7 &g HYEEENTE R - LUEPlatformlO ] LIRHFE R Mk ERVIpgaNexys | - [Nt > [F]
Bk HIPlatformlO N #kbitfs (Tif M Vivado ) — iEBE(EA L —E ARSI -
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figRF : £ TSEYBHEE A P EHRVfpga

202047 H » B iE E LT REERE 19T 4 Daniel Leon Gonzalez5E 5 T AV AE - E217 5
(HEEG TEYBHEIEMHRISC-VE R EAHZHIFPGAEE) - ERim E T~ I RVipgalt BI%
TEEYFHAER R - IROETHREME TEERE > m@Ebl T ES RS e E
https://eprints.ucm.es/62106/1/DANIEL LEON GONZALEZ DL -

FPGA Implementation of an ad-hoc RISC-
V_SoC for Industrial loT Graded 4286351 962908330.pdf -

#E TEYBENERRISC-VE R ERGHIFPGATE

R - VI E R E TR AR RSCR NI AR & - EERZEN MEMILATH
EAREHVETRAE S - (R TLEYIRERE T - SEFENHBARE > KERIESIR
RIS AR PR B TR B S HVpE HAE /T » Ry 7 Fris e BRI PR B MR T 26
H LA F — T PR F = S8R a2 25 DL = S BE Y R DIRE (B SR RS H R T BRI S RITES - 7% 58
ZE A FH Artix-7 FPGAf# R T B R RISC-V i H 2 AR Y i 5 477 Mgk 4] 677 ' B 5 & (' o
o R T EFIYE TSoC KT #E Zephyr OSEREIE B IE - (LM LR HETE
FES H s R Y B A S P B AR e e I3RS © A B BLEA ThingSpeak E - &
Z[E AT MR R S S, © ASCEFEERARISC-VERBEES B (EHY 04T ~ 5T
R > DU R A B S R SE T HR R R
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