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0. S

RVfpgait H AL R 45 1 iR FE it ARSI FE B & 7 i FHRISC-V/Ab 245 . RISC-V SoCHll
RISC-VAE R% . AREFEIEBLLTFIFAZERISC-VEAS:: MNERBF & T E S B S5
AL PR 38, TR g NS . 5 SA A w48 . 7 A LU if RVIpga i 72 4 1 1 T iR
RISC-VA%i. I/ AMUATLL T f#RISC-V SoCHIRISC-VAEZL RS TAEIRZ, B R Hi2 4
o[ FH 359 R RIS C-V 4k B 28 F1 28 45 5k S 437 AR Sk (1) 30 H AN 92

David Patterson#(#% (X%} RISC [ 5i#k M 5 John Hennessy Lt3kACM AM. B R ¥) FIR:
“RISC-V IEFEHES) AL BE#5 B1E LA AR P [R5 v H K AR B R . RISC-Vag — M F¢ I
VEREA S B FFTRGRBE M o XM A T R T R AT SRR T R R AT, A inik
TE . RVipgaiffe il lsE X RISC-VALHE 2% . RISC-VAEZR RS MRISC-V SoCHI T fifk. AR
FERTHE B PR T il H 2534 K i) TAV AR PRAR BRI R G, XA AEAATT ) BN SR AR YR AITER
AR R ERAER
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1. i

BERFR: TG, K MImagination k2% 111 T 2 I RVfpga ST 9 & il 21 18 1
Ubuntu/Windows/macOSit &1 E . AT BERVfpgaSCAF I B 7E H sk 4% B2 FR N
[RVfpgaPath].

RVfpga & /N30 (KT R AARNITHEEED) AAAS SOk

(1) Bl A ARSR B IS AT R BIRR P

(2) src: fu&RVipga Z4iIEAAY (VerilogfliSystemVerilog) (2 W, T HIE1)
(3) verilatorSIM: 1% 1 -T-7£ Verilator+ iz 47 RVfpgaSim /i & ) I A<

(4) driversLinux_NexysA7: fl#Nexys A7 FPGATT KRR FILinuxiksh e /7

(5) SE%y: B RVipgastit1- 2081 AL T RORRFF . ST, IR Wi AE55. ZRoTRIARE
L0 — A ISR, & RVipgaSEda MEER, 8 RIZAE T 4R 52 56 2 Hi e 52 1% 3R

RISC-V FPGA (##k NRVfpga) &— MG H 1S TR MAE, T
RISC-V4b F 28 N ] T B3z vl A2 1 1F% %1 (Field Programmable Gate Array, FPGA) #i{jj &
&, ARSI AL ISR S R T ENUA RE M BEdih. ARG MGgmIE T
FI TR .

“RVfpga A48/ ” B LT, iAW T
o HUEANIIFEE (28
o HRAMR
o RISC-VZHy (535
o RVfpgaR4 (4ik5)
o TEMEMFHEHRVIpgaR 4t
o ZTEHRMHETEH (5
o IZ2fTRVfpgaR4IHXIHEmBE (FE6i)
e RVfpgaZRZfiE
o f#ifiVerilator (—FHDL{FE2E) (BE7HH)
o fEFWhisper (Western DigitalfJ5 445 8%)  (5H8%4)
o ME
fF B ERMRISC-V T E&#FfOpenOCD (i A
FEWindows 12238 118 F PlatformIOfT & KK F (i 5¢B)
fEWindowsH %3 VerilatorfiIGTKWave (ffi5%C)
fEmacOS+ %% VerilatorfIGTKWave ([ff5%D)
fFVivado¥RVfpga R G M BIFPGA L (Ff3RED
Bl ZETIAERM M {8 FHRVfpga (Fff%F)

o 0O O O O O

CPUEANTTIRR 7 (BE288) N RVpgalit ity %A K e BAF, IR Wi fT 3t T RVipga &
i N BT B R BIRE PP . N A T R VIpga, EBR S 288 ), MER3H O 5E
BiEmITA.
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3 A ARISC-VIFENLZEN . 453 N 4HRVIpga 24t (554.A — 4.CH5r) AR R
ARG Verilog I LI (554.D%8%) - RVipga R 4% T SweRVolf SoC

( https://github.com/chipsalliance/Cores-SweRVolf) , [Fi 5 # X Adi ] Western Digital (WD)
FIFIERISC-V SweRV EH14#% (https://github.com/chipsalliance/Cores-SweRV) . 1711
UHIRVIpga R G 1245k (MSweRV EH1N TG, — B FIRVfpgaNexysAll

RVfpgaSim) -

RVfpgaNexys

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

SweRVolfX SoC

SweRV EH1
Core Complex

SweRV EH1
Core

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

The RVfpga System

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

+
GPIO, PTC, additional SPI and 7-Segment Displays

RVfpgaSim

DDR2, CDC, BSCAN, Clock Generator
Target: Simulation

E1. RVfpga R4 EH

#1. RVipga R4 2%

ZHR Tt B
SweRV EH1 % fHWestern DigitalJf & {1715 i FH RISC-V A #%
(https://github.com/chipsalliance/Cores-SweRV) .

SweRV EH1WZAE | —FHf N T 7648 (ICCM. DCCMAIE 4 mifiZf7) « ] 4 A i i
#% (Programmable Interrupt Controller, PIC) . A 2&4% INIATE R BT )
SweRV EH14# (https://github.com/chipsalliance/Cores-SweRV) .

SweRVolfX BATERVIpgalf fE I v E RS, & 2SweRVolfff§ f&.

(F" ESweRVolf) SweRVolf ( https://github.com/chipsalliance/Cores-SweRVolf) : — ff
Fl5¢SweRV EH1A A G E K FFIESoC. e 7 5 FROM. UART
B, RgEflgs. HiE (AXIHEE. Wishbone H 3% F1AXIH Wishbone
M) DL SPIz il 8% .

SweRVolfX: 5SweRVolfAHLbiEhn 74/ M4 %: GPIO. PTC. — /N4
ANEISPILA M F T 842 7 BB 75 B 1R 425 1) 2%
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RVfpgaNexys PANexys A7 R I A% A HAx ) SweRVolfX SoC. 141 7 DDR2
B, CDC (W8 X)) i, BSCANZ 4 (FHTFJTAGHE: 1) At
PR

RVfpgaNexys 5 SweRVolf Nexys3t A< A 7]
(https://github.com/chipsalliance/Cores-SweRVolf) , R ja&EET
SweRVolf,

RVfpgaSim SweRVolfX SoCHE A FLE il & A H T4 ELIAXI A 17 o
RVfpgaSimjSweRVolf Sim& A< 4[]

(https://github.com/chipsalliance/Cores-SweRVolf) , REE&HHET
SweRVolf,

Ho 434 B WK RVipga 2 4t T-i# 14 (RVfpgaNexys) A1 EH (RVfpgaSim) . #5570
g3 Ut BH G T 22 %5 5 f# F RVipga Alf 75 B9 Bk T B . 28 635 43 U BH 40 4] £ A PlatformlO %
RVfpgaNexys T #F|Nexys A7 FPGAJTF &t I (56.A%7) , LAKIETRVIpgaNexysiziT£
ANRBIFEF (356.B-6.HI ) o SB7HR 5 FEE 835 4 b A 4 4o 5 FH ¥ i HD L5 B 2% Verilator

(773> MWestern Digital FRISC-V45 4 % {5j £ 2% (Instruction Set Simulator, 1SS)
Whisper (£58i64r) 1/ ERVfpgaSim.

e, BRI T WA £E Linux o iy 447 F TR A8 FIRVfpga (XA, @i £ Windows Al
macOSTHHENL_E 223 P XS AL P A AF - (FBY=B-D) - BL A fifef {8 ] Vivado# RVfpgaNexys
MERBIFPGAL (FIRE) o FERFULH 1 andfar e Tk Mie ki b A HIRVpga.

2225 T RVipga it 75 3 AE A4 . A4 7 156 B 0 7] £ Ubuntu 18.04#:4F 24t (Operating
System, OS) Lz fifi fHix s T H LM4F. xFFHAEE RS (F W Windows 5§,
macOS) , EFRMLL (HERATEEMED KPR, FEETEAR, BRINSFHRHE
RINGENWindows FimacOSHE A A& i B .

e R ANexys A7 FPGAFF R, 1398 7T LU I Western Digital (1745 4 5 0 5 #%

(1SS) Whisper 1 - i HDL1/j B 2§ Verilatorif i 1 B 56 i 5L 56 . EXFIFN T, T %3
Vivado (#55.A%%) : R 7 % % VSCode/PlatformlO (&1 %5 2. A#5 43 Al ik ) Al Verilator/
GTKWave (n%5.CHrFrid)

2. RVfpgalfi % M 844 F 44

K P ki di

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

VSCode https://code.visualstudio.com/Download Ak

PlatformlO https://platformio.org/ Ttk
ZHETEVSCode

Verilator (—#HDL{j B 2%) | https://qithub.com/verilator/verilator B

FIGTKWave http://gtkwave.sourceforge.net/

Whisper (Western Digitalfft) | https://github.com/chipsalliance/SweRV-ISS Ttk

RISC-VIE & & H ) 23 e PlatformlOHr
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RISC-V T. F4£#10penOCD | https:/github.com/riscv/riscv-gnu-toolchain ol
https://github.com/riscv/riscv-openocd
% H 1 Platforml O+

T
R ZE %H
Nexys A7 FPGATT & AR * https://store.digilentinc.com/nexys-a7-fpga- 265%E 7T
trainer-board-recommended-for-ece-curriculum/ | (224
LA
199%70)
RISC-VAERIJ L &4 (SoC) **
B FR ZE %A
Western Digital (1] https://github.com/chipsalliance/Cores-SweRV | % 7%
SweRV EH1 A #
SweRVolf https://github.com/chipsalliance/Cores-SweRVolf | 4 7%

*AFE R A I T D B RE F T DigilentfiNexys4 DDR FPGAJT & .
** I\ Imagination Technologies F#RVfpgalt— 424k

IR EKR:
fESEARVipgaiffs (WiliARVipga NI T#5F MRVfpgasils) Zaf, 72/ LU N
AR T i

o HrEiEVCt

o MR (RUFECIEHS)

o ILZ%niE

o RN

o AEPHZRIALAY

o TFiEEAS

XN EP AL IR (Bt R SR REEM)  (RISC-VARD

Harris & Harris, © Morgan Kaufmann (it tHhiisf 8] 20214E 5 ) . HARER (B3 G
HHHRGERAIT)  (RISC-VHA) , Patterson & Hennessy, © Morgan Kaufmann 2017)
R g — e Py 2
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2. PLENIIIEF

AR A3 MR U B T G0 AT 22 % A8 RVfpga BT 75 (1 6 40 T 2, LA R i 4] 4 ] PlatformI O ¥
RVfpgaNexys ~#%|Nexys A7 FPGAFF &t I, #RJ5%: T RVfpgaNexysig/7#2/7 . [R5 220
SEFPGATF KR (Z WL3K2) o IXLP IR IE A T 5 B T & Bk Y 5 Nexys4-DDR FPGA H
FE o

A. BIEZEER: VSCode. PlatformlOfINexys A7 KRR IESIFEFF
B. %*RVfpgaNexys F#ZIFPGA [} 7 RVfpgaNexys HiZ{THE5

PLR U BHIE A FUbuntu 18.04 R4t . b4k, ti&E A TWindows10fImacOS#eE R4t —4 #/E
HUbuntu/N[E], FATLE I Windows FlmacOSHE N AL & BAR U8 B 1 SCASHE o« G 5456 i 1) 2
Ubuntu, WIJ7] DLZRGIXEESCARKE . B TSR0 LinuxB2 HIERAT (), Windows
HARIE AR, EAE BT (D) .

A.  BRIEKZEER: VSCode. PlatformlOfINexys A7H KR IXSNFEF
X —H, ¥R FHRVIpga T M D AT RIS 7 . B o, K e mEmEs, Ra
% HNexys A7 FPGAFF R AR I SRENFEF o

VSCode#fIPlatformlO#2 % : K H4E M &35 (Integrated Development Environment,
IDE) PlatformlO#¥RVfpgaNexys | #F|Nexys A7JTF & i L, SRJ57ERVipgaNexys b # )iz
fTFEF . PlatformlO%ii% ~Microsoftft]Visual Studio Code (VSCode) [{J . PlatformlO3Z
Fres-FalE, B PMHNE MRS,

¥ 18 DL 45 38 22 3V SCode flPlatformlO:
1. 2%EVSCode:
a. MULUFBEEE F#Eieds 4 https://code.visualstudio.com/Download

b. FIH—A%u, A5 RZRIFMAITVSCode:
cd ~/Downloads
sudo dpkg -i code*.deb
code

Windows/macOS: VSCode® it 3 #Windows (.exeXXff) FlmacOS (.zip3ftf) , #f
i 1 https://code.visualstudio.com/Download 3K BX . 17 % I8 78 1% Lo /E 2 45 b 22 38 Fn AT M FH
FE A8 FH s 00 A

2. fEVSCode#f} % %:PlatformlO:
a. LR i N LU N AR 2 B python3SE I 1
sudo apt install -y python3-distutils python3-venv

Windows/macOS: WindowsH A5 EHATIX—F (2.a) . XFTmacOS, w]LU{d Hhomebrew
K Hpython3: brew install python3
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b. WRVSCodei A4, EHBLL T PEEHLE8). %8 “Start” (GFR) I+
MRS “VSCode” , R)5ikEFEVSCode, =i 7EUbuntuZim i A code.

c. fEVSCodeH, H.id7VSCode/Zifljf~H1) “Extensions” (F7f#) @ﬁ (ILE2) .

=
K]2. VSCodeff] “Extensions” (I &) E#ts

d. EHEEHEF A PlatformlO, #RJ5 HiiPlatformlO IDEZ%i4F) “Install”  (223%) 4l
AT %R (K3 .

File Edit Selection View Go Run Terminal Help

platform io‘

PlatformlO IDE 1.100
Development environment For Embedde
PlatformiO Install

loT Utility o03.0
Develop IoT project based on Platformi...
Jun Han Install

Aceinna 0.12
Aceinna Navigation Studio: open-source,.
PlatformlO Install

3. PlatformlO IDE3 &

e. JEEBI “OUTPUT” (i) & @A A 223 RNE R, 23 slhn, $
T E A FAR “Reload Now” (AZRFEFNZE) , PlatformlO¥EVSCode N i 58
Wzt (K4

OUTPUT  TERMINAL  DEBUG CONSOLE  PROBLEMS PlatformlO Installation ~ = 6O

Installing PlatformI0 Core...
Please do not close this window and do not open other folders until this process is completed.
PlatformI0 IDE installed successfully.

Please restart VSCode.

en successfully installed! Please reload {8} X

Reload Now

K4, Z3EPlatformlOJE LBV EH|A

Nexys A7TIRENTRF & %E: T B Fa)2c2ENexys ATTF R IRENFE T -
o HTHF—A %,
o 3| H3%[RVfogaPath)/RVfoga/driversLinux_NexysA7. CHfEfHEEE N, FRAIERVIpga
AR TR EIRANRR T . AL, AR I B 55 5 BTk e 2 Vivadoly, i8]
DATE L 73 BT (1) R S R Ak Y R B IR LL IR 2T o )
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o IBATEALIHA:
chmod 777 *
sudo ./install drivers

o MIFEHL EkIENexys ATIF AN, ARJEEE THRNL, DU SE e A 20

| Windows: $ I HE B 3 Wk %K Nexys ATJFRBLI AR . |

[macOS: A B 3 T M FLMbBREN L |

B. ¥RVfpgaNexys F#Z|FPGA 3} #ERVfpgaNexys FiZ{T2 5

BIE, FRVfpgaNexys (LIFPGANHFRIIRISC-VA L) F#i#INexys A7 FPGAJT K L.
EARNT RS, AT ASXRVIpga RAMATIEM, 1H[RVIpgaPathl/RVfpga/sre #2441
RVfpga 4t fIVerilog. FATEEATE/E FI 28435 5 H N AR Vipga R St i JEACHY, F-7ERVipga
SEER6-20 7R N LATEAN U B . BhAh, R i e I e S G A 1) — e 2K ST IR Vpga R 4

i 52 R 598, fENexys A7 FPGAJT kiR iz 1TRVfpgaNexys:
%15, ¥iNexys A7 FPGATF KBUERLBITHE N I B T KR
25, $TJFPlatformIOFICHE 5
#35. KRVipgaNexys I # #Nexys A7H A I
#45. fERVipgaNexys b F# iz 178 7

F15. ¥iNexys A7 FPGATF RAGERE R EN @ RIK

B E M USBH IR K Nexys A7 K RGER B THE L. EI5E 78 T Nexys A7 FPGATT K ik
FILEDAIITSE, LAKUSB#ERERS . Bl 56, #4M7 B ER RIYEA B . FUSB L
S HLFINexys A7FF &I _EFIUSBER: a3 i 347 E 8, ARIGFT FFFF R IROT 5%

usB
Connector
Pushbuttons
7-Segment
LEDs Displays
Switches

&l5. Digilentf{INexys A7 FPGAJF &A% f1/0% 1
TR F K : https://reference.digilentinc.com/)
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#2365, FTFFPlatformIOFICHEF:
WiAE, @it L7 3T H Visual Studio Code (VSCode) : 7£ “Start” (FF4h) Sgsarhigm A
VSCode (ZILKE6) B 7E 4w i Ncode.

Q vscode|

Visual Studio ...

&l6. ITFFVSCode

SR PlatformlOF- 71 ( “PIO Home” (PIOE:01) O & HAH HBhHI T, iR A Mg X e 5

1 fPlatformIO&#5 - o RIGEFF “PIO Home” (PIOET) , JH#idi “Open” (FTFF) .
S, “PIOHome” (PIOETD) MTHH B “Welcome” Wil &I (K7 .

File Edit Selec W Go Run Terminal Help

&' PIO Home X
) s W Folowus @@ ©

o Welcome to
Home

K7. $TH “PIO Home” (PIOZETR)

PUE R TS “File”  (OUfF) K5 — “Open Folder” (4TFFSCHF3) , SRIEEF:
[RVfpgaPath]\RVfpga\examples\LedsSwitches _C-Lang

e, EAERHITIF (3 WES) . PlatformlOI/E ¥ 4T 1L FFLedsSwitches_C-Lang,
AP B ENexys A7IT A b BT SRA H-RX L4085 N 2T Kt EHILED.
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ke
PLATFORMIO: QUICK

Vv PIO Home
Open
PIO Accoun
Inspect = pj
Projects &
Libraries
Boards
Platforms
Devices

v Debug
Start Debug

ACCESS

Welcome

@ PIO Home X

« OS(C:) > RVfpga > examples

Organize ~
m Desktop o
= Documents
4+ Downloads
D Music

= Pictures

& Videos

New folder

D Name

AL_Operations

Blinky
DotProduct_C-Lang
HelloWorld_C-Lang
LedsSwitches
LedsSwitches_C-Lang

v »

Date modified

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

Imagination

university programme

Search examples

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

at startup

23505 (C)
Toggle Deb

v Updates
Library Upd
Platform U(
Update All

v Miscellaneous
PlatformlO Core CLI
Clone Git Project

Folder: | LedsSwitches_C-Lang

Select Folder

New Terminal

I lnArada DlatfarmIN Cara

X ®0A0 @ # LiveShare

K18. T HFLedsSwitches_C-Langz~

PRA] 8 P srexch %, AR 5 i LedsSwitches C-Lang.c3k 2 & LedsSwitches_C-Lang &
JP(E9) o FATHLEARNITTIER MG T8 VEM TR %R T . TEAR “PUENT I8 ” #5,
BATH B ZAERE N8 3% ENexys A7IT KB 54T IRVipgaNexys.

File Edit Selection View Go Run Terminal Help LedsSwitches_C-Lang.c - LedsSwitches_C-Lang - Visual Studio Code

EXPLORER LedsSwitches_C-Lang.c X F

@

> OPEN EDITORS src > che c > & GP s

F 0x80001400
0x80001404
0x80001408

\/ LEDSSWITCHES_C-LANG
> .pio
ode
> include
> lib

v src

#define R

#define W

dir) (*(volatil
dir, value
LedsSwitches_C-Lang.c t main ( void )
start.S
Tast int En_Value=OxFFFF, switches_value;

.gitignore
Jignol OUT, En_Value);
“travis.yml
P platformio.ini

= README.rst

le (1) {
switches_value
switches_value

RITE_GPIO(GP

READ_GPIO(GPIO_SWs);
switches_value >> 16;
)s, switches_value);

}

return(@);
)
> OUTLINE

X ®oA0 @ v > @ 9 [

’9. LedsSwitches_C-Lang.ci2F

# Live Share Ln1,Col1 Spaces:4 UTF-8 LF C Win32 & 0

HER, HIKLEPlatformlOH 4T HF RVfpga s i, Chips Alliance V& & H 3% %% (A PATE
“PIO Home” (PIOET) — “Platforms” V&) H&EFIZFE, WEIM10FTR) . Z%FE
BELE®RHBIF LA T HE, #lwHigm i mRISC-V L EEE . AT RISC-VOpenOCD.
RVfpgaNexys bit3C - fIRVfpgaSim. JavaScriptfIPython {4 bL & —SeoR ] . i S i 1 5 A
JRR A H 3% 3 Chips Alliance f-&, WA UATF-g)5emeds, RERIEES WEE6. A .
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File Edit Selection View Go Run Terminal Help PIO Home - LedsSwitches_C-Lang - Visual Studio Code

PLATFORMIO Velcome @ PIO Home X

\ PROJECT TASKS N\
> &3 Default \J, < | W FollowUs |[fl || O
v &1 env:swervolf_nexys
v General B Installed df Embedded CJ Desktop {3 Frameworks
Build
Upload
Monitor @ Project can depend on a specific version of development platform or VCS (Git,
Upload and Monitor Projects Mercurial and Subversion).
Clean
v et 0 Filter platforms by name...
v QUICK ACCESS Inspect
Vv PIO Home
Open |j|
PIO Account
Inspect

Libraries

Projects & Configuration
Libraries he igh-quality, open source hardware designs relevant to
Boards

Platforms - -
Devices oo & (AEiEs | | b WeHibEne 1 Uninstall

X ®0A0 R v > W ¢ %> Live Share

&10. PlatformlO4 & ) Chips Alliance &

%34, ¥iRVfpgaNexys T # ZINexys A7 & &

BAE W] LN #iRVfpgaNexys, ‘B — 1] LS RN IRISC-VAL B ZS, J& T'RISC-V SoCHY
—Fh. f£ “EXPLORER” (®JHEH ) & O X diplatformio.ini (PlatformlO#] 41k 3¢
) KBHEITH, WEMFTR, (R “EXPLORER”  CEEEHLAR) & L MASTH, iF@d

inﬁEﬁUJﬁJﬁElX%%ﬁﬂB’ﬂ@%ﬁﬂﬁ ) BifE, @it Kboard build.bitstream_file# 12 & Ay
WH O, RIFINAT & X RVipgaNexysbit U4 (67 B 442 (S HE11) -

board_build.bitstream_file = [RVfpgaPath]/RVfpga/src/rvfpganexys.bit
% Ctrl-STR- A7 platformio.ini S 4

HL %A AT T U HEE SO (platformio.ini) ; 55X Bk i (K 56 245 8., 15V71.
https://docs.platformio.org/en/latest/projectconf/.
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File Edit Selection View Go Run Terminal Help

@ XPLORER LedsSwitches_C-Lang.c ¥ platformicini x @ PIOH

J» PIO Home

~ LEDSSWITCHES_C-LANG

= 115200

= /home/dc

&11. Z£RVfpgaNexys bit3C N2

¥ RVfpgaNexys (HIZbit3C € ) T #i#INexys A7THF &R F:
. i%E@WJﬁEIZ%ﬁEPEl"JPIatformIO@ﬁ. (ZILE12)

9

&12. PlatformIOE&#7

o IR “Project Tasks” (HWHALS) @A (13D, M‘Zﬁ%ﬁﬁi%mﬂ%ﬁiﬂ%ﬁ
“Project Tasks” (IHA/TS) - XA[RedRE L8
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RVfpga A\ 1355

File Edit Selection View Go Run Terminal Help
BLATECHENO @ PIO Home X
- PROJECT TASKS ol = ; ——
(&@) . L [EA AN ]
@ Welcome to
Home

B

Projects

3 W Platformio November 19 W PlatformiO

&Ml (1)) PlatformlO labs
=

Recent Projects

Hub!

= - R

BON

E13. “PROJECT TASKS” (W EAE%)

o SRJERIT “Project Tasks” (IiH{ES%) — enviswervolf_nexys — “Platform” (¥
), JHd “Upload Bitstream” ( BA&LHRRD , WwE14FR. —BFBE, #
f§ FIRVfpgaNexys SoCXFPGARIT4RFE

BIMEOL T, ALEEES M hE0x80000000 4 FF4h H s, HH 51 ZROMAL T-FA1HISoC
i (ZHE6) . 5| FROMIEH—MNER (boot_main.mem) HATHIGAIL, ZFEFfE
LEDFI7 B BEIN KR VY IR, ARG KT LED, 405 N84T Bt /s bf I R FF = 1
o ZREFALT LLF X [RVipgaPathl/RVipga/src/SweRVolfSoC/BootROM/sw.
R E AT O ORI B m . U PR SRA — SN VLB AT R GERECC
boot_main.mem - & X {Fboot_main.vhitIEIA) . (ESZE1H, A TEA B anfal£E 6 g
ECRRRLS A8 AR P 01 4640 51 ' ROM.

PLATFORMIO

~ PROJECT TASKS

mokte Development

B14. LA& AR
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#4535, #£RVipgaNexys  F 8 BTRF

WATE, RVfpgaNexysth F#FINexys A7 KR LIHiET, B N RSERET T #HEIRVIpgaNexys
fotehsser, SRURIEIFRNIZTAF. i “Run and Debug” CE/FAIAR) #én: B,
S RILL T A2 MRS ot o 3 o 4% i iz 1 Ml 5 R 2 (B iR “PIO Debug”
(PIOR) ekt o e d i g (S HE15) o BFEELmiE, Ra
SR

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

' VARIABLES

B15. mFEM T RERF, ULBEIERS

BRI &1, v DU SE L g 48 4 O A2 B 1 T T BAE (Z0UE16) o JATRAEARAN
45 B FR) T 0 7 i A X B A 100

it FOPBGE DA FOPBE ] =1k

&16. @A TR

PlatformlO7E main i 5 11 773k 8 8 — MG i 7 5. ELIE, ik “Continue”  (4k4k) #e4nld
BATRER . BIFEFT T Nexys A7 FPGATT &tk EITFR, HEBEMMNIILEDZ R A5,
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3. RISC-VEMHEAR

RISC-V/2 — 544524 (Instruction Set Architecture, I1SA) , T20114EZEM K FAA 78
R B IParsE i = Al . RISC-V & 7E BN TH M) & Fh N TE R GRaE/NEL. 2R, RETEY
e 15 2% BT ENLE B RN D FIACEEERR “IEAISA” o NSEIlX—Hir, RISC-V4EH)
Ui 5 7 LTS A JEE N -
o BURJINE K MR NS S AR
o WD EIT S MBI AR LI, WISFPGARIASIC (&M LI H M
FiAR.
o ZERIMZUE H T & MRS B, BEE ST RS BIORE I 2R A L T BUEL A K
2R, SR IRAT LS
o BENJLINREME N X R AT S AT E ], DASEELRT TR M B K RE, A2 [RISAZK & 1y 51
HEC R o
o BUMIMIEATE AL IR E HFFA, AT RN Gt —ANd A H AR B HESE

RISC-V & — M T Jlhn e, SEPr b, MRIVESRE T AL, H20154 & — H HRISC-V
Foundation (H.#{ ARISC-V International, & — X #ERISC-V ALK HAH/:TF K 1 AR F 4
1) ¥, 20184F, RISC-V Foundation'5Linux Foundation T i€ 1 #4104 1F: 2020431,
RISC-V Foundation® 4 ARISC-V International, & TH+. XFEAR R T 4 DO bRk
K RIF R AR . #5 2 20204E, RISC-V International 33 7 & A WF FEHLI . 24 AR A
Tk 51200 % K o B Ak 1) 52 8, Horh A 5 Microchip. NXP. Samsung. Qualcomm,
Micron. Google. Alibaba. Hitachi. Nvidia. Huawei. Western Digital. ETH Zurich. KU
Leuven. UNLVFIUCM.,

RISC-V/2&id % 10-204 8] 6 £ () > B A BRIEAH RISAZ —, T HL 7T A & ME — I 4 BRAH 5K ISA,
DN A2 — PP b R A ELL, ARG B BT OB A T B 3R 37 ST
AR AR SEOLBEARISA, S HACKHLATE A9 Jg o IX R Bl T i AN [F] R A 1 AR M 4%
SiISA (B IIx86EKARM) , "EXTZ BT IISAREAT 1 ke, JF HAFANHrAb 2 a8 0 AU L A 45
2 (BRI “IER” B982) LGRS IH R R P A . B, x86 M —JT4R A A 80%
TR BIIAE BATEIL 13005648 %,  WIRFFEHLEHAS T BT A T A FI#RAERS,  JUHAT36005%
B4 T RZEIEIRIFAEESR S CAEMAT, Koy 1 AR IR TG AH 2 [ e ek
FOR, AR BERENS SCRFIR G R R REFEAL BE 3%

RISC-VEA VU FEARISAIETT: WA326 A CERIFHR N NRA, RV32IFIRV32E) LK
64N FI128F7 iR A (RVB4AIFIRV128D) , WIFE3fR. bridy “Ratified” (b)) AJISARIH:
megLidfittE. Frich “Frozen” (545 RIMERFUHERAMUEZ AT SR A EKE
M. tRicN “Draft” CEFE) MBS ERCAE Z BT R A F il X T RUA . 2518 F3 5 45 R
P& s, THFERSRIENSHEIREE /. TEIXSIEARISAR LZERNE ST
&, DASEIURREAESS, Hlundy s, FeykfRiE b Lk Eis H . XL A4y R A
TEARER, I HYmPFas B S brifE, (R CTE 412 25 b 4 FH BT =5 RO IR 00T DA Fo P A B H Fs —
BRI . AP AT A — A7 BEAR R, 2R AR N B N AZISA T DL 7R S E i 44
hfE, WFAFTR. B, RVMERIEREY T, RVFEF AT B,
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Z%3. RISC-VEZAISA
(3K 8 https://riscv.org/technical/specifications/)

Base Version Status
RVWMO | 2.0 Ratified
RV321 2.1 Ratified
RV641 2.1 Ratified

RV32E | 1.9 Draft

RV128I | 1.7 Draft

F4. RISC-VirEISAY B
(3 3k A 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

FRGHER @MY, HTHAEEIAMARDY . 1EER, A S AR Hbr i
Berb AT (Y BRI A LA R o SXFEAT B 58 = RSB, A4 ke 3 LTI [a] o

Blhn, A8 4 RiE HISAY R LK A7 £ 1R AT 7 2% 1 7i¥1 6447 RISC-VH X JRVE64GBN ISA.
P X S B A S AR R B P RIE . BEAh, RISC-VEE G &ICHUE s T @ #RAE RGP
5 R B AR B — R AN 4
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4. RVFPGAZRZFAR

KIABEEARVIpga R Gi, 45 N BIFPGATT K HREE & AN 4y« A7 38 B B A =X
R Z R 50, MRS NAZ TR, ARG RSN IZ91IEIISoC, a2 REATT KR
B,

SoC
E17. RARRGEW

EMAIRAUIA R ER L5 (ASweRV EH1NI% TG, —HE #IRVipgaNexysfIRVfpgaSim)
FECL R4 R AT E e A HPATRISC-VIE £ 1AL B 25 N #% (Western Digital¥)SweRV EH1
W) ; K5, HEBEE N4 SweRVolfX SoC, THEMK T RS MMHAM: (N, 126k s
HNHD LLECATERVIpga N A H L SoCTMHUAT YT & fECHI /-4 7ENexys A7 FPGATTF
K (RVfpgaNexys) I 52l ) SweRVolfX SoC LA M 7E 15 H ( RVfpgaSim) 1 {# i i
SweRVolfX SoC. #/a, fEDIiZr4H% RVipga 7 4t STt .

A. SweRV EH1H#AISweRV EH1H A A

Western Digital /£ 25 JLEEHF A T =FRISC-V#%: SweRV EH1 (RVfpga £ 4t FH i F 1) 4
%) . SweRV EH2FISweRV EL2 (RVfpgalf) KK A F TR FX LML) o« BANPWZER
H—" Apache 2.01F7iF. SweRV EH1/2&— 320N, K268 br s A9t /K& 1 1t o
SweRV Core EH27 T /EEH P AZSE Al B X Hdk AT T R, SCFPN 2 ThRE, MEREfS 2| T2
F+. SweRV Core EL2&—F/NY NI, Aligfgth&&Erae. RISC-VIiH (ML A
https://www.westerndigital.com/company/innovations/risc-v) & 7iX =Ma] H I WZ, EA1
() 32 B PE AN R BT

5. =F"WD RISC-VH % I = B4k

(3K E https://www.westerndigital.com/company/innovations/risc-v)

Core Name RISC-V Type Pipeline Stages Threads Size @ TSMC CoreMarks/Mhz
SweRY 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

X =M AT, SweRV EH1PE (BERVfpgalk - —seft, HnTh
https://github.com/chipsalliance/Cores-SweRV#:E) ARt mPERE/MHzZ, I H % ] 8 () 25
FEEEM, RHIENZ. Bhoh, BOhTHRATFIFE 41 414{Chips Allianceffflt 7 —A 52 % H4
HEAERISoC, FrASweRVolf (FERVipga®ifhtuseft, M
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https://github.com/chipsalliance/Cores-SweRVolf3kH{) . RVfpga % 4iffi H SweRVolf SoCIt)
¥R, M5 X A% Western Digitalft)SweRV EH1PI#% i 4<1.8.

SweRV EH1 WA & — A R HLARAE S (MDD 193267CPUMN %, SCRERISC-VIFEERL (1) |
E45fe4 (C) DLRBHEREMERE (M) . 5T
(https://qgithub.com/chipsalliance/Cores-SweRV/blob/master/docs/RISC-

V_SweRV_EH1 PRM.pdf) TE4EHIR T A A% G5 H 21 5E 55 BRI il 2 S R 2N J7 THT
SweRV EH1&iltrE W%, RHAXURFORFI/KL BT (ZIWE18) , LHIUANFARIZH T
(Arithmetic Logic Unit, ALU) , iXEEE TP 5IM/K IO ARG NEXT EEX4. PIERIRK
LI FFALUIE 5. Hop— KSR, 0 — o5 BA S AER] SRiLAR . AbHEEHIA
AA AN ERK LR 34 AR 2R Brikag . MOKR P AAEDIAME @S . “HUdR1” o “X

F7 oL CEERDT R CRRRRT . “HUER1” RAFEGshare s SCTINES . FE XFFT G, M=ANER
X EATEGE . 7E “BRAS” 90, X AR S X P 2648 21T RS . 7E “3RA”
9, HNEAMRZRTHERES. &E, £ D57 %, HEHEHTAE.

Stage
i ——
1 Fetch 1 Stall Point

2 Fetch 2

~——
Align Stall Point

i —
4 Decode Stall Point

w

Load/Store Pipe 10 Pipe 11 Pipe Multiply Pipe Divider

5 EXL EX1
DCL Adder Adder M1

- = = =
Pipe

o LR ea | [ee | (L]

W commit | B ] £X4 Stall Point

K118. SweRV EH1 A iH2eH)

(E=k & https://github.com/chipsalliance/Cores-SweRV/blob/master/docs/RISC-V_SweRV_EH1 PRM.pdf)

19X H B i 2 Fh N AZ A1 AL BE 88 3E 4T T HL % . SweRV EH1 A i MEaedE % &, Wi54.9
CM/MHz (CoreMark/MHz) : Hiz 47 % NARM Cortex ASHIW %, 1 REH & # it ARM
Cortex A15,

CoreMark for SweRV is 4.9 CM/MHz

O R NwWwBs VO
'
1

Intel Xeon ARM BOOM-4w BOOM-2w  ARM MIPS 74K ARM Rocket ARM
E5(lvy)  Cortex Cortex A9 Cortex A8 (RV64G) Cortex AS
A15

E19. BLRFERMPRMERE LR
( &3k [ 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 Digitalif & fit T SweRV EH1H MY e, #SweRV EH1HZA S (= WK 20) ,
I e rE FIREHT PR 2R B3 T B o, an B A A B

o WAL, —AMNHTEMIES CCM) , B—HTFEMEdE (DCCVM) , &
MENZEFRS . XN MR RAHMKER U5 7 FISECDED ECC (H—1RZ R IEAN
WE RN D R RAFEAGdR T DA E 4. 8. 16, 32, 48, 64. 128,
2565¢512KB .

o TERIAMSHAMES S FEEAE, BA A AR EECCRYT.

o A[IEHIATgRAE T TS HI %% (Programmable Interrupt Controller, PIC) , % #2554
SR

o MUNRGELEN, AT FURZLTRE « BdRvin (LSUBLEE « TRk Vi
AR F 45D FISMEEDMAYT I (DMAMIR D) EEH G A48 (nILE 64147
AXI4EAHB-Lite 21 28) .

o TFERISC-VIFRHIE I AKX H T,

SweRV EH1 Core Complex

DCCM

SweRV EH1 Core - RV32IMC

ICCM

I-Cache

PIC

LSU Bus IFU Bus Debug Bus
Master Master Master

Debug 5 amastlr-c

DMA Slave
ort

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

&]20. SweRV EH1 A&
(=& & https://github.com/chipsalliance/Cores-SweRV/blob/master/docs/RISC-V_SweRV_EH1 PRM.pdf)

B. SweRVolfX SoC

HRVfpga®# B ERFH ERS (SoC) #rASweRVolX (AnE21FR8) , BT
SweRVolf0.7.3k 4 (https://github.com/chipsalliance/Cores-

SweRVolf/releases/tag/v0.7.3) , TfijG# % TSweRV EH1 A A A . %7 SweRV EH1
WZAE (ZILE20) 4b, SweRVolf SoCit il FE—/N 5] FROM. —AMNUART. —/N RS
A —ANSPHE g (XE B2 B G FR) o iR SweRV EH1 AL HAXIE
2k, AR Wishbone i 2k, NISoCH H A AXI-Wishbonetfr .

fERVfpgat, SweRVolf SoCH™ & T —LThRE, #lw—A#sSPIEH# (SPI12) . GPIO
CERENGH) #6128 PTC (PWM/E R 28/ 548 ) Ll K 58477 B R B #2114
Hl 2% IXELF AN 21 TR A B, (B R TBUR R BFIEHIR RSN, EH A S TE RGN
Ay, AR RGH N R YiSweRVolfX (XIREY )
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SweRV EH1 Core Complex

DCCM
|~ =
SweRV EH1 Core - RV32IMC I-Cache

PIC

DEC Lsu

Debug —> JTAG

AXI Interconnect ]

@ E{>RAI\/I Memory

AXI-Wishbone Bridge ]

—

[ Wishbone Interconnect ]

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

El21. SweRVolfX (4 FsM T ESweRVolf) F ER4

F6FH T Wishbone B £ 31| N A% 1) 4 IA7-fit as B S Hi il
6. I FESweRVoIfX SoC 4l 77 it 2% it &t Huht

R4 Huhk
5] FROM 0x80000000 - 0x80000FFF
ARG % 0x80001000 - 0x8000103F
SPI1 0x80001040 - 0x8000107F
SPI2 0x80001100 - 0x8000113F
PTC 0x80001200 - 0x8000123F
GPIO 0x80001400 - 0x8000143F
UART 0x80002000 - 0x80002FFF

i FAH

SweRVolIfX SoC/ii F  Ff i {42 ] 2% 15 4 Bl 5 . F Verilog4i 5 (1 B 5& A2l # AR B
OpenCores [https://opencores.org/|I - J5 % #l 4%, OpenCores & — /N T H B F IR &
TEMJE K F K gateware (144 1P CEIIRF=AD WZITELAEX . FRATIEAGFE 48 H
f\1ISweRVolfX SoCH#E FH 4 H /0 1, AT ERVIpgalf)sLi6:6-20 i . 1HidixX
sepr, HESTEAHATY R

o RAEIHIBR: RGPHIBRAESE WIMARSKIIRE, BN TR REAESoCIRAE B .
RAMAILEAL RS FIRISC-VHL 2L 2 5 88 (AT LATE
https://github.com/chipsalliance/Cores-SweR\Volf ~+k 3| 7 ¥ [ fE i 2w st o FRATIXF
HEASHEAT T W M B 2
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o WNINT — AR %s (B ~NSevSegDisplays_Controller) K '5Nexys A7JF
R IR R8O 7 B B FralAS , A I A Ay e 4% ] SRR IN T AN T R 2R A 2%
(5 31 #1110x80001038 #10x8000103C)

o WINT WIS Z AT A (WS 3 Hi1E0x80001018) Sk AbFE K GPIOAIPTCH
T

o TR T SweRVOIF ALK A B GPIOZ A7 48 (i £ H#110x80001010—
0x80001017) . &R, FATBM T —NEEHEMGPIOEHIZE, W ATk,

e SPIl: fESweRVoIfXH 2l T N FFIESPIHEfil 2 (M
https://opencores.org/projects/simple_spizkHL, % NSPIMAISPI2) . XL 351
ANJFIIZA75% (SPI_SPCR. SPI_SPSR. SPI_SPDR. SPI SPER. SP| _SPSS) M
23 11:0x80001040410x8000107F (XF+SPIM1) 2 [8] LA K Hihi:0x80001 10041
0x8000113F (X}+SPI2) [d].

o PTC: IRATME FH 1 5 I 2845 5 5k [ https://opencores.org/projects/ptc. 25 7% 2% Bt 5}
21 Hh ik 7E [FE 0x80001200 £ 0x800012FF .

e GPIO: FAfEH I GPIOE il #% & H https://opencores.org/projects/gpio .. %44 il £% £,
FE324N/Ou 1, 3% Lo 155 1) Hh ik 75 5 0x80001400 22 0x800014FF . £/ 5| fili%E Rz
—AEBGEPIX, KR U AL B A N B

e UART: SweRVolfXH 2t 7 HFREUARTHE 4 (M
https://opencores.org/projects/uart165503K L) o %4555 2% (11 A I 1) 27 17 2 i 55 21 Hby
1-0x80002000410x80002FFF 2 []

ii. TFiERS
SweRVolfX SoCt 55| FROMAE fif #5 LA K& 5t ¥F F P % RAM AT SPI A A7 6 5 78 P 1 b 22
T AF

e 5| BROM: 5| FROMBEH—MEMEI SET. RAEN G, SweRVolfX SoCHi It
U6 ML X SR W] 4664, 1% X 48 4 B st dik A0x80000000 £ 0x80000FFF .

e RAM: SweRVolfX SoC A8 & 74zl a4, (HIRE 7 HAF 44 B (0x00000000-
OxO7FFFFFF) (77128 MiB, I H & xAXIE 4, LU a] DL B 77 f s ) 2835 1)
RAMAE it % o

o SPINAE: WAL E—&8r HAH ISP #8005 SPINAE (HuhikyE FH -
0x80001040-0x8000107F) .

iii. &
SweRV EH1 P #Z i F AXI4 e 2815 WAL ATEfif o o 120 26 0] LTS B 9 AHB-Lite 1 48,
ESREARTE R RATAME X — &I, Frfa sk (WO #FIEE:F|Wishbone 24k, iX
& — Pl {£ OpenCore CPU Al 4| ¥ H % | 32 i FH 1) T 5 =L 28« &R 48 B 45 AXI-Wishbone #f
CnE21FR) . HTFBNZIEERN .
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FEARNH, BATHZAN4H T AXI4 5 5 Wishbone SR M HR1E . a1 RAEH MM T i KX
BRAHEEZEL, ATBMEA N A S % .

AXI4 34 2%

SweRV EH1 W ZAH &M FHAXIA HiE 54N FaE (020D o mgnTy E@#: 1 (Advanced
eXtensible Interface, AXD) J2VFZAbHZSAIEH AL, - HARAARME AL 2% M 2 284
A B EERTE I — 555

TE RPN, AT A ZE i BHAXI4 B — e = B5 . A REBEMAXIRE, 5
JLBAR SCRY
https://static.docs.arm.com/ihi0022/e/IHI0022E amba axi and ace protocol spec.pdf

o AXIBLZREERFM
Aﬂé%ﬁﬁ%i%ﬁ@@?

& T v T AR A B T

TC 75 A58 52 2% Ml e S B e A 4

AT DA &% A A A e D B SR

3 FH TG G 193] I LA v G I P A i 32 ) 2
TE H SRR S 7 T B R

504 AHBHIAPBH: [ [ J5 35 75

43 B TR M4 ) R B B

SCRFAEXS SRR AL (=1 ik i)
FOVFAN S Hi R GA bk ) 5k R = 4%

PR T FEDMA K B 5 B i
FOVFTE S b B A% < w47 -4k

TR A AR 58 AR S A b 3 AT R AL R AR T
I IN A A7 28 R IEAT I Uik

o AXIZEH

AXIPSCE T LA M7 0 A% e i
LR 55 15 59351
PR EIE
» EHihbiEIE
» H¥iEEIE
.

P22 57 7 B e B e s A 52 b bk A SR B G . S A R B R I R A A
T, SR JE MR B 8 ﬁimﬁﬁﬁﬁmr
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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

22, SEEIELEM

(E>k & https://static.docs.arm.com/ihi0022/e/IHI0022E _amba axi_and ace protocol spec.pdf)

K23 7R 1 s S W St . SEERM T NGEE . 5EGE G, R
wROE A AERIE S . R)E, BERSEKESHEEEE LNSE, Nik&RIEE

.«
Write address channel
Address
and control
Write data channel
Master Write Write Write Write Slave
interface data data data data interface

—_—r ——> ——r —»

Write response channel

Write
response

 —

K23, Bi@EELEN

([E3k A https://static.docs.arm.com/ihi0022/e/IHI0022E _amba axi_and ace protocol spec.pdf)

AXIHIEEE 7 A b A 5 0, X5 B 7 EE AR . RN BEFR
s Y AR AE— 7 AR s Kdfe -
o SO E R K M B AR B B (E22)
o S Bt E A Bl N B S e B  i (E23) o EREEE AL
TSRS 5 W NEIEE [ R AR AR R e RS S (18123) .

o AXER

RTHH T AXUSZe i I 225 5 A SREAME S I 2] . X885 50 v hdl,
T3 A% LT B SCRTA Y AN TE -

« EMIBEERES, AIRLAWITL

« BEEEERET, HRUWITk
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« EMNGEERES, 4ARDBIT kL
© BRMHHEERE S, AARARTT L
© BREHEEERE T, AWURITk

R7. AXIf5 5
(2K A https://static.docs.arm.com/ihi0022/e/IHI0022E_amba_axi_and_ace protocol spec.pdf)
Source: Iaput/
Signal master/ 0 p Description
; utput
slave
Aclk Global Input qlobal clock
signal.
AResetn Global Input Global reset signal
AWID[3:0] Master | Input Write address ID.
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 :‘;{;:e protection
WDATA[31:0] Master Input Write data.
ARID[3:0] Master | Input Read address ID.
ARADDR][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 f;;‘;d Protection
RDATA[31:0] Master Input Read data.
WLAST Master | Input Write last.
RLAST Slave Output Read last.
AWVALID Master | Ouput | ‘vrie address
valid.
AWREADY Slave | Ouput | Writeaddress
ready.
WVALID Master | Output Write valid.
RAVLID Slave Output Read valid.
WREADY Slave Output Write ready.
BID[3:0] Slave | Outpu | (ite Response
RID[3:0] Slave OQutput Read response [D.
BRESP[1:0] Slave Output Write response.
RRESP[1:0] Slave Output Read response.
BVALID Slave | Oupur | \Vriteresponse
valid.

Wishbone 2 £&

SweRVolfX4I &K Wishbone /i &%t (SoC) Hi&EHH F T W B A 1P I %
(https://opencores.org/howto/wishbone) . %2k 5 5 B Tl i i v B b R Ge 4 i n) i
KL EITEEMH . CUAT, IPWZRAAERHERIETT R, KU DEE. XEeERRifE B
HEESRAE H o R EEE, DB NS —E. @3 RHWishbone & 2k S bRk
HIERRE, mAH U, RN % .

e Wishbone:E
XFhWishbone i 28 5 A ) 32 BRI R
= SCRERAUTIE B BME I 451 B T
o AFEEEE AR S BRI
i. /5 JE
i Btk E
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i, BB S

»  SRALEIA6A LT AR ER AL FE 2R TR R AR R R OR AN

o SRR AN i AR D

s WERRANREE T, AAEER L EERR . S XTIF RS e gE ) HE

» QFEEFIUG ZPM ARV P P R 1) O A5 s

= SRR R BOE

= RFIEEREM&IE. ERZ A TR L,

o GFERHL b T

LS e 8 LN = < (2l S O S ) =B L0 = 2 (L 2 A O W
B, AT AR M IS R R ELE

o SRR E SRR IXSERRAAT BT R T . HOHE R B
W, TERSEUA IR IR F A AT, P 5 SORRAEHE R
L Bk
i AR R
i R

iv. e A4 i B AR
G EA RIE RGN AL
» BB ZEAAT (mult-MASTER) IhfE. iXn sl & fiSoCHLE .
o ERER R O IR TV (RS A IR AR S

e WishboneZ2#JF1{E 5

KE24Ui 8] 7 E % (AHIF AHSweRV EH1NZ) RN (G —AN4hik,
GPIO. SPI%)  [aifiitWishbone i 28 SEEL bR %z . Wishbone 2.2k LEAXI4 15 2%
a8 %, mH, WR8FiR~, Wishboneis L ff DS .

RST I [ RST I
CLK_I CL¥_I

DAT_I{() i—>< DAT I()
= a1 0() W10
= £ 0 ————P HE I S
5 SELO() [ SEL 10 =

TAGN 0 =1 pger [ TRGN I
TAGN I fegd DEFINED |- e

&]24. WishboneZZ#
(&3 E https://opencores.org/howto/wishbone)
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%8. WishbonelE &
(3K A https://opencores.org/howto/wishbone )

Signal
Signal name  description name

Description

CLK O It coordinates all activities for CLK_I All WISHBONE output signals are registered at the rising edge
the internal logic within the :;LZL{I;;LII(]_;S(I[WISHBONE input signals are stable before the rising
WISHBONE interconnect. DAT_I()  The data input array [DAT_I()] is used to pass binary data. The array
The INTERCON module boundaries are determined by the port size, with a maximum port
connects the [CLK_O] output 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
e [CLKJ] puEni ‘) array boundal::‘]es sreyd{tce)termingé by the potfsize. withrya maximum
MATER and SLAVE port size of 64-bits (e.g. [DAT I(63.0)]).

RST_O It forces all WISHBONE RST_I)  The resetinput [RST_I] forces the WISHBONE interface to restart
interfaces to restart. All TGD_I) Datatag type [TGD_I()] is used on MASTER and SLAVE interfaces.
intemal self-starting state It contains information that is associated with the data input aray
machines are forced into an [DAT_I()], and is qualified by
initial state. The INTERCON signal[STB. 1]
connects the [RST_O] output TGD_O( Data tag type [TGD_O()] is used on MASTER and SLAVE
to the [RST_I] input on interfaces. It contains information that is associated with the data
MASTER and SLAVE output array [DAT_O()], and is qualified by signal [STB_O]

o ACK_O The acknowledg tput [ACK_O], whe

2 e acknowledge ouf _0], when

ACK I The acknqwlgdge input [ACK_1], when i asserted, indicates lh::mimtbn of a normal
asserted, indicates the normal termination bus cycle
ofa bus cycle CYC.l The cycle input [CYC_I], when asserted,

CYyCc_ 0O The cycle output [CYC_O], when asserted, indicates that a valid bus cycle is in progress
SHE R N E R AL STALL O The pipeline stall signal [STALL_O] indicates
Al that the slave can not accept additional

STALL | The pipeline stall input [STALL_[] indicates transactions in its queue
that current slave is not able to accept the ERR O The error output [ERR_O] indicates an abnormal
transfer in the transaction queue cycle termination

ERR_I The error input [ERR_I] indicates an RTY_O The retry output [RTY_O] indicates that the
abnormal cycle termination indicates that the interface is not ready to

RTY_I The retry input [RTY_I] indicates that the accept or send data, and that the cycle should
interface is not ready to accept or send be retried
data, and that the cycle should be retried STB_I The strobe input [STB_I], when asserted,

STB_O The strobe output [STB_O] indicates a indicates that the SLAVE is selected. A SLAVE
valid data transfer cycle shall respond to other WISHBONE signals only

2 P when this [STB [l is asserted

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

C. SweRVolfX SoC#ENexys A7 FPGA L 3T/ &
SweRVolfX SoC ([E21) A LL(1)fENexys A7 (ENexys4 DDR) FPGAJT & LizfT,
H H I B PR VRVfpgaNexys, T LA(2)E( HHia1T, A+ FRNRVfpgaSim.

ZNl

i. RVfpgaNexys
RVfpgaNexys /& UL Digilent Nexys A7 FPGAJF &4 N H 7 ) SweRVolfX SoC (K25) .
RVfpgaNexyst5 SweRVolf NexysFt A AH[F] Chttps:/github.com/chipsalliance/
Cores-SweRVolf) , HJ2J5# % T SweRVolf. RVfpgaNexys i [ 1) 3 E o/ anE25
FIiR
o ZFEEIFPGA [T}
> SweRVolfX SoC (f&21fi~)
> Lite DRAM#E I 3%
> BB RASE: Nexys A7HF MR fUHE—> HiLite DRAME 23 4111100 MHz
paife. LIS R AR 4% L5145 /) 250 MHz,  LA7ESweRVolfX SoCH i .
> EERTEPEAEE. EE2 NPk SweRVolfX SoCHiLite DRAM.
> JTAGHIBSCANZ#H: fCUBIIMEZELE, WEUN
https://github.com/chipsalliance/Cores-SweRVolf/issues/29.
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e Nexys A7 (E(Nexys4 DDR) FPGAJF K&tk I HIRVfpgaNexys H 8 FH i) 17 fifs %/

e
> DDR27#fE%: (il [ iALite DRAMYZE il 2815 1))
> USB%#:
> SPIA%E
> SPIm#Et
> 16/NLEDFI16/NFFR
> SNMTEB BN
L1 100 MHz
Clock P |
Generator |
1] ] 50MHz
\ 4
SweRVolfX SoC ﬂ ﬂ @
?W — — CDC

3

[ Wishbone Interconnect ]

AXI Interconnect ] - \ 4
@ 1 RAM Memory Lite DRAM
( AXI-Wishbone Bridge | controller i §

[_Boot-RoM | [ system-ctrl | [ spi1 | [ sP12 | [Timer | [ GPio | [ uarT L...%. ml
+

U
=D

i@

K 25. RVfpgaNexys

AW HNexys A7HF &t (KE126) KT RS S THEN TRERRERE I IR
18265370 CEARMREAN H198.755 7t — 18 FH .eduri 1 BB Hudik 3 )t — 4 Digilentik
F) . Digilent?e LA F 7 B 4t KNexys ATHF KR FIFE 5% F it
https://reference.digilentinc.com/ _media/reference/programmable-logic/nexys-a7/nexys-
a7_rm.pdf. BEIFFARMAT LAHSVEE FYEIERC A CREETT RARIRAL) L, mﬂuﬁﬁi‘ﬁ
- fImicroUSBi%#: 4 HPCHLHL . Microchip PIC24% kb 3 2%/ F 44 4 BIFPGAR A2, T
WAZ T R AE T T8 5 FH T R AR AT LLsE A Xilinx ¥y Vivado Design SwtejﬁOpenOCDlﬁ
1Tt . AT DMEA FAIDUMA RIERIE . — I R E N EIFPGA:  FAT32#% X f)MicroSD
K. FAT32#MURL. SN BJTAGEE .
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&]26. DigilentfJNexys A7 FPGATF X
(>k & https://reference.digilentinc.com/)

Nexys A7-100T FPGATF K AR L4 LA N 42 F AL £

e 128 MiB DDR RAM

e 128 Mibit SPI[A £

o SMI7TE RS

o 16T

e 16/LED

o fEERIRAERS, AFEE M. FAHEFL. VGA 25351 1. USBE ML .

RGB-LED. 12Ci&EAL /& FSPIIIE 115
e Xilinx Artix-7 FPGA, Hf LI FIhfE
> HUY 64 ALUTFI8A fi A #5 2H 15 115,850 4 1 .

MHRAMK /)N /4.860 Kb
6/ M KL (Clock Management Tile, CMT)
170M/05] Ji
450 MHz P 53 B 47 4

YV V VYV

ii. RVfpgaSim
SweRVolfX SoC ([&21) i&n] LLEHEVerilog 252 LT GE{ B . RVfpgaSim /& 31
HDL /i 5 2% it FI I °F & [ SweRVolfX SoC. RVfpgaSim 5 SweRVolf SimJ A4 [F]
(https://github.com/chipsalliance/Cores-SweRVolf) , R & )5 # 3T SweRVolf.

Eﬁﬁﬁﬁﬁ%ﬂ‘ﬁ HDL{i B 2%, {HEA11E ] Verilator (https://www.veripool.org/wiki/verilator)

se AP H A 2 (HDL )] 548, B2 T 255 1) VerilogalSystemVerilog, I H B2 i th
E]’]Venlog/SystemVenIogﬁE%’% XA B2 B T T A1 AR 838 e B AL EI I 52
¥, HFEIRMEARMAIRISC-VELN EIP; ‘& LLChips AlliancefiiLinux Foundation N1E 5 .

D. X4
FERTHEIE b, RATCEN A TAEREE RPN RS mR44, NSweRV EHIAZA S
(20> #|SweRVolfX SoC (K21) , #J5%IRVipgaNexys (25) FlIRVfpgaSims:ii.
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TEARFR S, BAINBENS RGN . P LB R, 5 T O HEPCLEEE .
X e 447 F [RVfpgaPath]/RVipga/src T .

i. SweRVEH1HEAS

K27 577 T SweRV EH1RIZAE (K20) HISCH4E . WZ D N=AFERE.: SweRV
R (KERBER) , HP X EHESweRV EH1A#Z (DLGRERH ER) fl—ik
HAtoott (bW g sk iR T, UREIRAR g as AR 2 Ml 7 (L4 th
RHEER) .

SweRV EH1 Core Complex
(swerv_wrapper_dmi.sv)

SweRV EH1 Core Isu/
Isu_dcem

ifu/

mem.sv

lib dbg/dbg.sv

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

SWerv.sv

]27. SweRV EH1 A A&

SweRV EH1 X4 & i Verilog AR AL T LA So e
[RVfpgaPath] /RVfpga/src/SweRVolfSoC/SweRVEh1CoreComplex

FEEMPC LR BZH 3, PLEERAEAR 2 H 51 ISt

SweRV EH1W XA T Z ST T LU R S swerv_wrapper.sv; T2 BEHRFR N
swerv_wrapper, ‘& A] S 5 127 o LUK R (8 98 H SR R AN J7 R AR X I 1 R
ANBRR:
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e mem (fEmem.svNSEZHL) : ZBLEL LA TSt DCCM (Isu_dcecm_mem, 7E
Isu/lsu_dccm_mem.sv {28l . ICCM (ifu_iccm_mem, 7Eifu/ifu_iccm_mem.sv
A SEEL) AR A m A Cifu_ic_mem, TEifu/ifu_ic_mem.sv A Sz HL)
B

e swerv (fEswerv.svINERSEEL) = 1ZAR RS AL R N AZ 1 BT o

SweRV EH1M# (TEE27H DASEER B ER) H LT PUAS B G A RL:

o SCHFifu CRUFEHIG) : ZCHIAS H Tlcache (FBA il ZEA(r) « HUE.
I3 ST 2% A 55 2% 1 Verilog XA Cifu. sy SR AE T Z L)

o XfFddec CEFERIHIC) : ZCAFICEEH TR MM 10 5 BN 25 47
K Verilog X/ (dec.svN BRI AL THZE A

o XfF¥exu (PATHIL) : ZCHFFAE T W FARZE H6H Verilog X
fF Cexu.svFFRALITIZ AL « HAARKL ALY, — PMRK L A TRIE 5
A—AERK R AR ESS

o XMFFlsu CEBAFEHRIT) A S H T KL R BEE/ A6 H T
Verilog X ff (su.svN R AL TIZBEL

EARH e S b s s, BARWT

o fFJedbg CFRHIGL) « ZCARRAS AR ICH Verilog L (dbg.svid
RALMTZEYD , WK T AR AR B T bR, Rk 4/
Hhk, RIS S B A B, SRR PR LA N IR R R A

o XMFElib: %I E T AXIFIAHB-Lite 2 £ [t Verilog SC 14

o XfEFepic: ZAERALE X Mpic_ctrl.sv, FT{EREHpic_ctrl Szl Al 4 AL

42 i 4
o XfFJedma: ZSHFIA S A dma_ctrl.sv, HT{ERiHtdma_ctrlH SEI B
T2 ]
ii. SweRVolfX SoC

K128 % 7 12117~ SweRVolfX SoCHI L 45# . SoCH k7 N Z ML, X EEREHS b
T2 B H A
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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/ BootROM Peripherals/ Peripherals/ Peripherals/ Peripherals/
SystemController o0 uart spi gpio ptc
swervolf_syscon wb_mem_wrapper uart_top simple_spi gpio_top ptc_top

&]28. SweRVolfX SoC

SweRVolfX SoCHI LA T

[RVEfpgaPath] /RVfpga/src/SweRVolfSoC
EREPC EI B Z H 3%, LAER JATEA T 2 51 R SCF.

SweRVolfX SoC )T =Btk fir T
[RVfpgaPath]/RVfpga/src/SweRVolfSoC/swervolf_core.v. {JIFiZ 3, EmLhg
FHSweRVolfX SoC (E21) WAaE M, BfkunT:

e axi_intercon (£ Interconnect/Axilnterconnect/axi_intercon.v ZE#E4E) : 1ZHLIE
o H— MM H1001T (Cinclude "axi intercon.vh"™) WEEN. B
SweRV EH1 W #Z 44 5AXI-WishboneHfAHIZE -

e axi2wb (fEinterconnect/AxiToWb/axi2wb.viN #l#AL) « iZ i H7E swervolf core.vi]
H 15347 H SE 4k, & & AXI-Wishbone #f, 8 V1 75 2 T AXIMEHT W &% 5 & F
Wishbone 45 2 [8] AT i1 .

e wb_intercon (7% Interconnect/Wishbonelnterconnect/wb_intercon.vi i #2fit) : %
BEYE L 5 — AU 2514547 (Cinclude "wb intercon.vh"™) GIEEN. Ei#
o —A> 2 i 2 A #R ¥ AXI-Wishbone 5 AN Rl R A B A IE ,  FRATTAH J5 K xof ik 22 v 55 FH 4%
BEAT 3 Hr AME 2
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e wb_mem_wrapper ({£BootROM/wb_mem_wrapper.vH 424t « FiR 5| G762
)£ 25 72 - 7F swervolf _core. v 55197475214k . Bb4h, &S24k T dpram64 5t
(1£BootROM/dpram64.viN &) , ZBHuE — N EARRAMEIH,

e swervolf_syscon ({fPeripherals/SystemController/swervolf_syscon.viN &B$2 k) :
A HE swervolf_core.vit 5521547 521k, T X R G454 .

e simple_spi: MOpenCores3k#3 [f1SPI4= |25, 7EPeripherals/spi/simple_spi_top.vH
BRHRAL . & fEswervolf_core.vit 5246 (SPI) F1387 (spi2) 47914k .

e uart_top: M OpenCoresikfFFJUARTHE il 45, fE Peripherals/uart/uart_top.v N i 42
fit, = LEswervolf _core.vifi27247 S, .

e gpio_top: M OpenCores3k73 [f]GPIOF= il 4%, 7t Peripherals/gpio/gpio_top.viN i
fit. ‘©7Eswervolf_core.vit) 5533847 SL45l4k. .

e ptc_top: M OpenCores3kf3HJPTCIE %%, 7EPeripherals/ptc/ptc_top.viNififeflt. &
1Eswervolf_core.vit1 5536117 SL411k

e swerv_wrapper_dmi (7£SweRVEh1CoreComplex/swerv_wrapper_dmi.vNEBHHL) -
Western Digital 'JSweRV EH1M %4 & it (swervolf_core.vi¥)540717) , 1
RUTHIE 4 (BE27) fnid

iii. MATREETAHENEERER

E:
RVfpgaSim&— M E Hbr, HTFSweRVolfX SoC (K21) {2 fEHDLY; B #31# F 11
MF &9 . BT [RViogaPathl/RVipga/src/rvipgasim.vt .

R EEAT:

RVfpgaNexys (fii T [RVfpgaPath]/RVfpga/src/rvfpganexys.vit) 1 SweRVolfX SoC
(E21) fAR7ELINexys A7 FPGATF R A oAb (ZILE25) 1R HbRIIELREAE 7
AR T S — S AR R () A £ e A A i elk_gen_nexys .. ESAT £l

axi_cdc_intfalJTAG I[1[)BSCAN#ittbscan_tap) 4, &seflibfiA F ZSoCL5#4:

o swervolf_core: —/)77 (]828) firikSweRVolfX SoCHIsEflfl. 1ok, EFF=—
AR Nrvioganexys.xdef 4 K S (7T [RVifogaPath)/RVioga/src/t1) , %30 X
SoC 5 KR Al %+ .

e litedram_top: LiteDRAM DDR2#% e RF2F, H T1%E#:SweRVolfX SoC5DDR2
s, A2 7 78 X [RViogaPathl/RVipga/src/LiteDRAM/litedram_top.v =21 .
AL, W FEE— AR Alitedram. xde 121 A (AT [RVipgaPath)/RVipga/src/LiteDRAM
B, O E U AR T T - S R DDR2AFfif #s 2 A1 11542

Mg, E29% R T Nexys A7 FPGAT &t L #/~RVfpgaNexys S 11 Z 4 »
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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. ZHEHMHTHE

PLF #6BH3& B T Ubuntu 18.04 OS, {H H/thLinux#:{E & % LL K Windows BimacOS i 1 25 1
(HRANFEEMED FIPE. ERENT, RATS N SCAHERE 51X LA F ] (I #E R Gk
HEEARBERT . G S R Ubuntu, U] DLZUBR X 2657 ACHE .

TR B B R T ] 2235 DU T A
A. Vivado: EHZEAEAR ERGMFEN TR, F52K66-20%, ¥ FE5E R #/E, IFH
ANE R B B 7R 2 SoCH .
B. VSCode (Visual Studio Code) FIPlatformlO: X%t & GSGAISZIE /i A ) F 2
TH. XETAHTXFPGARATHFE L L EFPGA LIZ 1T/ LT -
C. Verilatorf1GTKWave: {j = SoCHI/#r A FME S FTHR K TR, [FFE, #FEAESL
106-20+ fi HIX L T H..

THER, X T ELGSGHI LS k4T I K 2 B, Z23£VSCodeAPlatformlO &4 & 1% .
BIRAE, FRATEWH RN 223 Ak T B (Vivado. VerilatorfIGTKWave) , XFELLEE L

SEEFE AT RE R Z LA/ (BRI TR, BAREGR T N8l ERE I R #AEAE 1 45645
FEFP R 2220 I

A. Z#:Vivado

Vivadose —fXilinx T E, HT&EE. BEMZEARISC-V FPGARVerilogftis, ¥4 1E LG 1)
S vz A I T H . 22 3 3 B TT 37 ) https://reference.digilentinc.com/vivadol/installing-
vivado/start &t &, HARNESE T,

Windows: 5| AHIM L (https://reference.digilentinc.com/vivado/installing-vivado/start )
B A FE 7EWindows H 22 35 Vivado VR4 U B . 7E T 30, i 1K 7 Windows 75 22 =544 1 B If
N SCASKHE o

macOS: macOSAZHVivado; Ht, FEELinux/Windows i IUN1 A4 BE7E LR AE R G iadT
Vivado.

1. i3 https://reference.digilentinc.com/vivado/installing-vivado/start

2. gl R EXilink FE T : https://www .xilinx.com/support/download.html

3. @iz % “Self Extracting Web Installer” . 7385 AR, wllad N4 B PLUR B8
BESREL L FRE T . Xilink Unified Installer 2019.2: Linux Self Extracting Web Installer

WINDOWS: 71E% 5 AR, WindowshR “ H#2HWeb 2527”7 1Y T 4k 0l 85 an R -
Xilinx Unified Installer 2019.2: Windows Self Extracting Web Installer

4. £ MR 2T, R ERE GBI Xilinkik 7o W REE B, WFHE
AR
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5. PAT ZHEHISCAE . FTIF— A%, I WERR GR “sudo su” ) . RGN kI SCpE
(Xilinx_Unified_2019.2_1106_2127_Lin64.bin) #Ezh 3|2 . WR KGR R E AN
AIPAT BT, EIERE “OK”  (HiE)

o WRFEALEE. WIRZAu BoRBURWEIEL, WIAEL RN LT A (5 R SO T
IE*E;T%EP) :
> sudo chmod +x ./Xilinx Unified 2019.2 1106 2127 Lin64.bin
>sudo ./Xilinx Unified 2019.2 1106 2127 Lin64.bin

\meowsz fEWindows ', H T $ATIE D R34 F 201 .exe .

6. Vivado 32 /5744 5 I e i e 3 A8 . B I
o E#EVivado (FAVitis) 1E AT 2R 5.
e i%#%Vivado HL Webpack ( 7/Vivado HLZ4ihk) ; Webpack %71,
o HAREIR NERNE .

H‘?‘%x%: U AR T T Vivadolf) 2 H 3, R/ BE DL T D Bl B U A ‘

‘WINDOWS: FEWindows AT EE TS . Al ZgIX M AP IR, BP9 DHI, ‘

7. VivadoZ 35 e fa, TEWEME. TPt LT N
source /tools/Xilinx/Vivado2019.2/settings64.sh

B LN (source /tools/Xilinx/Vivado2019.2/settings64.sh) ¥ 03|
~/ .bashrc3f, PMEZSCHAERIRE Bh 4 0m i 1I817

8. I 7 & i R A\ BA N N 25 KM Vivado:
vivado

R AL
o WERARGHRABNZAPATIN, W EAE AR TEINELT N

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

o IR H| LRI, Fltn “application-specific initalization failed...” (N2
R FIWIUGAL A0 -++) 5 TUIAE 2 N LR P 25

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

0. ¥ FHEFF % FENexys A7 FPGATT KA KIIKENFEFF . 1E 2 dm & i A LUR 2
cd
/tools/Xilinx/Vivado/2019.2/data/xicom/cable drivers/1in64/ins
tall script/install drivers/
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sudo ./install drivers

WINDOWS: 7EWindowsH % #:Vivadolt 2 H 3% 2 Nexys A7 KR IR EFR ST, X 4LIKE)
27 5PlatformI O 2 . B, a5l i £ Windows, 2545 1% i F 3% B ) Ui B 38 $r 3k 3h
BF. SUPATICERME, BIECRE “PUENTIHEE” HoF R T e vk, FA
IREhFEFF .k Vivado 2 B s .

10. M4h, T EF 5223 Digilent Board Files.
o MGithubf#fi# e R VivadoFF &R 1471 I fife s 46 SCEF
o FTIFMIERG R IE A SC 2, S 2 Hnew/board files H 5% . & £3F 8 #iltk H s 1)
B S o
o ITIT 22 3% Vivado ) SC 3¢ CERIN A ftools/Xilinx/Vivado) . FEM AR T, SHE
<version>/data/boards/board_files H 3%, SR G ¥ IF KRR 2% H 3%
o JbAh, WAL, 7R Blnews/board _files H sk I I LT N %
sudo cp -r *
/toolsI/)Xilinx/Vivado/Z019.2/data/boards/board_files

WINDOWS: % & 551025 v (0 158 B S M) RG UG T B SRk . fEWindowsH, 7T LLTE R 4107 B
k FIVivadoltboard_files X 1F3%: C:\Xilinx\Vivado\2019.2\data\boards\board_files

B. #35VSCodefiPlatformlO
WAE, ¥2e3VSCodefliPlatformlO. MR EALEE1ES “PEANIVIBE” Ttk E,
NEFHXREENTE, TULEEEDICESS.

PlatformlO /2 — i [ ik A0 R G E I K35 (IDE) , ‘EfEMicrosoftf#]Visual Studio
(VS) Codedtfit ik rgmid. fEBHLITF &3S, o a] bUE I CIE & 8L 415 = XTRISC-V AL
FHEL (L TFPGAL) #1T74FE. PlatformlOHisF&HlE, A — NN E IS,

FRIE DL N 2 58 2235V SCode flPlatformlO:

LINUX#r 44T /R4 i@ iUd H VSCode+PlatformlO, {H AR MR 7E Linux o 22 3% A4 F
A #1 RISC-V T H. 5% Al OpenOCD 3 X, # PlatformlO i F )7 42 £ 7 Ui B9 . 4 5 2 fd
PlatformlO, W] B 22 285 i A

1. ZHEVSCode:
FZIE UL P22 35 VSCode:
a. MULFBERE T #.deb > f: https://code.visualstudio.com/Download

b. I A%y, SRJEAESLL S A UR AR 2R IR IITVS Code:

cd ~/Downloads
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sudo dpkg -i code*.deb
code

Windows/macOS: VSCode# - futh 3 #Windows (.exeXff) FlmacOS (.zip3f) , #]
i& i https://code.visualstudio.com/Download 3K B . 175 1% 1 71X Lo /E 22 458 vh 22 388 A7 B
FEFFRIEH IR

2. #EVSCode#f} L% %%PlatformlO:
FZIE DL P R 2 $EPlatform1O:
a. LR A i LU N R 2 B python3SE I 14 -
sudo apt install -y python3-distutils python3-venv

Windows/macOS: Windows 1 A & ZH AT X — 2 (2.a) - X T macOS, #]LLfiH
homebrew>k % #python3: brew install python3

b. WIRVSCode i RIT I, iHELLL MK Z): & “Start” OF4h) $ZHIFE
RPN “VSCode” , MRJFiL#HVSCode; B L4 i Acode.

O
c. fEVSCodeH, #.i7VSCode £ £ # 1) “ Extensions” (¥ /&) K#x H:' (W
K30) .

&5

K|30. VSCodelt] “Extensions” (F &) BEitr

d. EHM RN A PlatformlO, )5 H.diPlatformlO IDEZ11K] “Install”  (Z3%) 44l
BT A (ZIEB1D .
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EXT

platformio

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

loT Ukility 0.3
Develop lo jec | o0
Jun Han Install

Aceinna 0.1.2
Aceinna Mavigation Studio: o 50...
PlatformlO Install

K31. PlatformlO IDE¥ &

JRE) “OUTPUT” (i) & FEE A P A R B RERNER . 3% k)E, 3
HEOA FAN “Reload Now” (AZREIEFE N , PlatformlOff £x 223 /£VSCode
W (= W32 .

Platform|O Installation

Reload Now

K32, %3 PlatformlO )5 LEf EHER A

C. Z£Ubuntu 18.04F %3 VerilatorfIGTKWave

AT A T B AGE T Linux RSt .

Windows: {8 I C A5 A 24 Fh SR FT 56 11 |

macOS: i FH B DA 25 345 32 (L 5 1 |

I8 DL T B B Verilator (222545 B 7] 5 1
https://www.veripool.org/projects/verilator/wiki/Installing? %, BN A SN T)

GTKWaveZ 3 EUbuntu 18.04 Linux 24 . it FE 35 EAR K A1) o

>

VVVVVYVYYVYYVY

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 (WAL fmake -3$ (nproc) KIMPIEITH D

sudo make install
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» export PATH=SPATH:/usr/local/bin ({£RZGH HEKE)

B /usr/local/binik AN BT, BRia — 4T3~/ .bashre 304
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AT, BATEN B infTERVpgaNexys (2 WE25) FizfT-bAN AL .

6. iZ4TRVfpgaNexysH: X} HIwFE

LINUX/Windows/macOS: ¥ O 5% ) T EFIRSHFE 1 O 1% I8 5555870 Bk (E i 2223,
AR 43 R AR T U B NE T IX = MEE R G, R, ATRER: E8—L/h
075, BlanLinux s 4E R, Windows H 4 1) SR .

BATE T R 1247 R 9 B H I B AN s 91 R ok 15t B 7] 4 FHRVfpgaNexys . /il =AM P
AHRISC-VILIIEFwmEN, ENUNMEFLHCESHEN. NH%H 7 fERVfpgaNexys I
BATRNFE P U

9. RVfpgaNexys B2

FEFr B 7R ] BE
AL_Operations GAHANZHEIZH RISC-VIL%ii& =
Blinky ffiNexys A7 &Mk L1 | RISC-VIL4miE &
LEDIN KR
LedsSwitches B HUNexys A7JF & b | RISC-VIL4iE &
M RAE, HHZES
ALED

LedsSwitches_C-Lang | izH(Nexys A7JF &#t - | C
MFHRAE, FHHZES
ALED

HelloWorld_C-Lang B AT 8 Ajshell$T | C
Bl — 26 FH S
VectorSorting_C-Lang | M k 3| /5t 1 & 3t 17 | C
HE7
DotProduct_C-Lang THEL AN A 21 5 C

WHER, EREIATIX BRG] AT — 7R 207, %2148 FRVfpgaNexys Xt FPGA#
TR, LA T ATk .

A. FARVfpgaNexysXiFPGA#AT4RFE
TEATR S, AT A —Fid FH PlatformI O i i3 7%, X M7 7448 FHRVfpgaNexys*f FPGA
HATHRE . LI LT PR F RVipgaNexys X FPGAZ FE :

Can R A& 2688 I Vivado X FPGAE AT e e, T T LIBAE A F 5 1) B SR E RS2 (L Ui Be , 1
A EPE LN B . (H2, A BTR 1 7 5 AGE B T Linux A1 Windows & 4t ( A& H T
macOS) , [k, EAR A2 IEH Vivado# RVipgaNexys F# 2|FPGA L. %, X
ROENE LU, 1 2 P SRE. D
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¥Nexys A7TIT KBCGERE BT EAL.

I BT %18 Nexys A7TH KR -

R VSCodeAlPlatforml O R FTIT, 154 HAT I

TSR -, s “File” (3CfF) — “Open Folder” (FTIF30fE396) (S WIAE33) ,
SR 5 S 2 H 3% [RVfogaPathl/RVfoga/examples/

Qoo

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

cerl+o

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

SaveAs... Ctrlsshiftss

Auto Save

Preferences

Close Editor ctrlsw 4.
Close Window Ctrlsw

Exit ctrl+Q

& 33. T £

e. EEEEHIIPlatformlOLi H . fEATR 7, FATLARIF I 22— 7~ AL_Operations
R, K AE T — 34 At R @ BEAT AR, ST H A R ) AT AT AR R P R . A,
%48 HKAL_Operations (ANEFTHF, KRS — 2 0E34) , RfEHREE O THHE
“OK” (#fiE) . PlatformlOIL/EH#+T FFAL_Operations il .

Welcome - Visual Studio Code

o)

ancel Open Folder

Recent 4 f{xdchaver RVfpga  examples F

Home Name Size Modified =
Downloads & Blinky Yesterday
@ DotProduct_C-Lang Yesterday
VM_sharedFolder & Helloworld Yesterday
RVFpga s Helloworld_C-Lang Yesterday
& LedsSwitches Yesterday
@ LedsSwitches_C-Lang Yesterday
- VectorSorting_C-Lang Yesterday |

RVFpgaLabs

©]
o
M
]
]
]
+

Other Locations

&|34. 4TFFAL_Operations 3 3%

. B A2 T B A A i) platformio.initT FF S At platformio.ini (2 WLE35) . JEid4wiELL FIT7E
4 @ T RVIfpgaNexystU R ERE (ZILEI35) o HIER, TiZR& HIRVfpgaNexystt
FRRERVipga \CEJe 2 48E, AL T: [RVfogaPath)/RVipga/src/rvioganexys.bit.

board build.bitstream file = [RVfpgaPath]/RVfpga/src/rvfpganexys.bit
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File Edit Selection View Go Run Terminal Help
& platformio.ini X @ F
OPEN EDITORS
latFormio.ini

AL_Operations.5
» AL_OPERATIONS

= 115200

= fhome/dchaver/RvVfpga/src/rvfpganexys.bit

= /home/d verilatorSIM/Vrvfpgasim

& 35. Platformio#] 454k 3C4F: platformio.ini

A AET H B & U (platformio.ind) FE FVFZ A FEF®G4, MR EBRES I
https://docs.platformio.org/en/latest/projectconf/.

g. iﬁE@UﬁJﬁElX%ﬁEPEI‘JPIatformIOl"é—lﬁ. (Z WKE36) .

P

&|36. PlatformlOE 7

= (K37 %\Zﬁ%ﬁﬁﬁﬁmﬂéﬁﬂ%ﬁ

W “Project Tasks” (IiHES) &I
RER 2 Lor .

“Project Tasks” (JHAT%) o X7J
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File Edit Selection View Go Run Terminal Help

& PIOHome X

PROJECT TASKS

Q@ A we FIGIG)

@ Welcome to
Home

Quick Access

+ New Project

lﬂl S0is

Recent Projects

tar our projects on GitH

E37. “PROJECT TASKS” (I} Et%) D%é — W

SR B TT “Project Tasks” (IiHAE%) — env:swervolf nexys — “Platform” (%
&), JFHil “Upload Bitstream” ( FA&LLRRm) , WE38HIR. —BIBPIE, KR
RVfpgaNexysXiFPGABEITHE .

mote Development

K138, bA% tiAri

BN OUR, ACHE 2% M HhE0x80000000 4 FF 4R He e, H b 51 5 ROMA. T3 A1) SoC H
(ZW%6) . 51 FROME—/MEFE (boot_main.mem) ATHIIEAL, %2 F{ELEDAN
7B RBRNERID IR, SRIGEKFTELED, K05 A8ANTE R AR EF 63 . ZFE P AL
FLLUReE: [RVipgaPathl/RVfoga/src/SweRVolfSoC/BootROM/sw.

% T Nexys A7JT e (E126) LICPURNZH, Hi%AE 7 AT .«
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R BN Z AR AT S O BB w3, IS IR SRA — SBNER R S T E GER
SCAboot_main.mem R J& S fboot_main.vhfTEIAD o TESRIEAH, AT W 761
3 LRI I8 A2 P W46 40 5] 5 ROM,

h. A LE i PlatformlO 23 % 1 T # RVfpgaNexys (B39 ~) KB L4 F

By - $$T‘§%ﬂ ( “PlatformlO: New Terminal” (PlatformlO: #ri&um) %4, %
F AL T PlatformlO & H IR FTHF—MH & i 1, 485 7E PlatformIO 28 3 1 4 A
(BEHD LR s

pio run -t program fpga

1: PlatformiO CLI

x-arm-usb-ocd-h, olimex-arm-usb-tiny-h, olimex-jtag-tiny)

dk 9.0.0-alpha+sha. cad
1006 0713

&139. ¢ F PlatformlO¥RVfpgaNexys _F1£Z|Nexys A7 FPGAFF KR b

HIEE, WIKSEPlatformlO #T F /5 fllf, Chips Alliancef & 4 Hah %% (A LLTE “PIO
Home” (PIOF 1) H&EFZVG, WE40~) . % FEaE&UERHERIN A TE, F)
Wi EIRISC-V T A8, A TRISC-VI)OpenOCD. RVfpgaNexys bitx f}fIRVfpgaSim.
JavaScriptFl1Python i A< DL K — 274
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& PIOHome X
@ | il | O
B Installed Embedd 0 Deskic
© Project can depend on a specific version o

Filter platforms by name...

T Uninstall

Platforms

A

Devices

&140. PlatformlOH %23 ¥ Chips AllianceF &

SR TR R AR H 2% Chips Alliance " &, MR BLEIE NP BRFa) 2 Gak, H
b S A, 4REEBER ) -

- @ﬁ%%fﬂﬂﬂﬁiﬁ@ﬁ%%ﬂﬁ% “Quick Access” (PRI KH (ZWEI41) .

WE, 75 “PIO Home” (PIOETD) v, ik vt ot il o o Rl i 171

(K41) . #FIChipsalliance (FAITERVipgat &) ﬁi§}6$iﬁ_
AR HAT I (E41)

File Edit Selectt 'w Go Run Terminal Help

& PIOHome X
H|@ O

& Embedded | = Des

El41. %FECHIPS AllianceF &

- iﬁ_ﬂ?%ﬂ}ﬁ, ¥ & B 4H X Chips AllianceF & i 41{5 5 (425
R . $fﬁ?ﬁi’%ﬂiﬁﬁiﬁi§ (El42) .
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& PIO Home X

¥ Followus | (@ ©

lled & Embedded 2 Deskic

CHIPS Alliance

The CHIPS Alliance develops high-guality, open source hardware designs relevant to silicol
Installation
& Install

@ Examples >ackages ® changelog Frameworks

FreeRTO!

Resources

platform
chipsalliance
Name % ¥  Frameworks Q $ $ ¥ Y

Q

Kl42. %23 CHIPS Alliance“F&

s — s S —  p =
- ZEGERUE, BMERCRETHRMICAERE, WE435R, $Eﬁ-uaélﬂ$ﬁf&2rzﬂo

) Platform has been

&43. CHIPS Alliance & 2RI

B. AL_OperationsiZ/F
B —ARBIFE AL _Operations.s (2 LKE44) & — MNL&wWER, ©E—DTRIGIHE N FE—
FAEast3 (BHREx28) PAT=4FEAREBEIES ON. WAZEE) .

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 =1t3 -1
10 andi t3, t3, 3 # t3 = t3 AND 3
11 beq zero, zero, REPEAT # Repeat the loop
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12 nop
13
14 .end

Kl44. AL_Operationsf2f¥: AL_Operations.S
F2 I8 DL 22 5848 F] PlatformlO7ENexys A7 FPGATT & #t b3z 47 A iR AR RS .
1. % E—Thprid X FPGAR TR . 1R, AL_OperationsTii H 2L 7E PlatformlO 14T 7.
2. B LU AT 4 AERAL_Operations.S: Bty 2 I T REIX B ) “Explorer” (R

HHLE) Eﬁﬂ, JETF A ANAE AL OPERATIONS T fisre, #4 J& Hi+ AL_Operations.S
(ZILFE45) .

File Edit Selection View Go Run Terminal Help

| |-|_:'j EXPLORER & platformio.in AL_Operations.s X @ F
> OPEN EDITORS

~ AL_OPERATIONS
main:

t3,

REPEAT :

, Zero, REPEAT

= README.rst

K45, ZE L4 3CFAL_Operations.S

3. VSCodeAPlatformlO$2fit T ZFhgm e G RR A ARE 7R 77k . fEVSCode T, w1 LA

s — s e o e NS, vy, B+ %

AT HFERRF, RIETIHRES.

4. i “Run” GE) ﬁ%%ﬂo R e | > P'ODebug FER b

@ (#fk “PIO Debug” (PO i) Emicikd) o Bt iEin e NI E ()
Kl46) . P dedm s, AJEHMHRRK. PlatformlOfEmain it £ Sk B & 1 — ANl
R BT AR A IR .
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File Edit Selection View Go Run Terminal Help

RUN > PIO Debug

~ VARIABLES

& 46. B3R RSS

5. BHEHIA S, W U SELr g A TR AL B R T BAS (S ILIE47) o T T

e Continue (%%8) : $UTHEF, HEBEI T AWl

e Breakpoints (W) : FlEEEiE A T AT 5 22 0 XSO AT IR0

e Step Over (BB : PUATHAITT, RiEfELE.

e Step Into (FIPHEN) : PATHHIIT, WRMAITETREVAE, Bk 3% R HOT
fE 1k,

o Step Out (HBBEH) : HATHITEREH T RD, SRIE7E 1% R E0R A1 45 i 1.

e Restart (BE)F) : MEFIIFLIHE A1

o Stop ({FIL) : (E 1L IS 1E IR A1 1E % g AR X

e Pause (FE) : HiF#4T. BFiEITH, “Continue” (4k4:) IZH K &Nl

“Pause” (&5 ¢4l

it FOPBGE DA FOPBE ] =1k

K47, AR TR

6. FEAM T EA A LA IR R, $2atLL Nk
e Variables (&) : JIHEFTHAERRH. SRMFESTE KT EME.
e Call Stack CGHAF#RR) : ERMETIEABITREL AR (WRFE) PN
AR S fEAE S AN E
e “Breakpoints” (W) : ToRFTA B EKBAHFRHEEREATS . ATEES+
TR .t T DU 5 P R A, T G S i ) e R e A LM B
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e Peripherals (JM&) : TR &AL a8 WS 4M & N A EIRE (BATHEERVpga
SEEG O AT B VR BED

e Registers (FfFa%) : FIHAFE T AL RS 27 A7 4 T B 4 AT {E

e Memory (FEf%88) : SR EFMER LN 2

o Disassembly (JRiCH) : R e RIS, X T CiE & 55 4o AR
i, ORI REE R I g ARHS LUZAT TR FE 2

7. EITRR ST “Registers”  (ZR17Ea8) kI, SRIG4kELELHAT
> 2] T O

Bl SR EIAEH08 (HFR(EE3, W1 “REGISTERS” (%
F748) T Fas) AFE LA =R RIS R . mNE#HS. 1§25 ILEA48.

File Edit Selection View Go Run Terminal Help
b PIODebug ~ & g & platformio.in AL_Operations.S X

> VARIABLES

> WATCH

» CALL STACK

v~ BREAKPOINTS

> PERIPHERALS

“ REGISTERS

REPEAT:

LEE.
zero, zero, REPEAT

E48. BEEFHHNE
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8. fEHM mainsk %2 v, 347 Western Digital B AL 5 s S0, %A+
~/.platformio/packages/framework-wd-riscv-sdk/board/nexys_a7_eh1/startup.S. 1% 34
AELENZ: BB A RE. TFASVIEL (FlnSPiigp) . FEaE, &3
PEBE RS ORI (S IE48) , F e s &z e .

Windows: .platformio X1t JefiF i 7 3052 (C:\Users\<USER>) . HiER, mAEFE
JE R G LA Re 2 Bagt e SO S0

‘macOS: H#ELinuxH —#¢, .platformio b T E 34k (~/.platformio) W ‘

9. TAMNNLRIERIH— S, 7EF—HZF (~/,platformio/packages/framework-wd-riscv-
sdk/board/nexys_a7_eh1/) W, $EMLT SCHElink.Ids, 1% SR RRERATTRAE BT T H A
R8I . 2SO e I gl 7y (A 04 bss+) TEfifasH I E .

10,55, 5 RN 1513 SROMELFF ek . I

%B%ETUI'J’F%W%BE‘JE@E?U “Explorer” CHEJFEHEE) EHH. EIMEHAF L, B
i “File” (Uff) — “Close Folder” (ScHIXXfH3) .

C. Blinkyf&f
8 ARG R blinky. S — AMC 4 FE R, T Nexys A7TF R4 IIILED AR (20
49) . TS E SN SR MLEDM B MEIUR, I LA RIS #4 1R .

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, OXFFFF

10 1i 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 tO, tO, 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

F B DL AP BR/ERVfpgaNexys (2 iN# 2IFPGAT Kk FIIRISC-V SoC) Fiz4T i ikt
(AMTR
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1. WRIPAT T 58—l (AL_Operations) , NIRVfpgaNexys C 4 f5 FIFPGAJT K& bt I,
e T o gt AT At . (22, WS sSE T 2 RVIpgaNexys B8 gn e 2 T AR L,
B RATR o BT IR AT 80, VRS 172 Blinky /s 111 A~ /2 AL_Operations 7 i »

2. TETERE L, iy “File” (0> — “Open Folder” (4THF3CHER) , RIGSHEHF
[RVfpgaPath]/RVfpga/examples/

o

ancel Open Folder

Recent 4 frdchaver RVfpga = examples P

Home Name Size Modified =
Downloads _ y |
[ DotProduct_C-Lang Yesterday
VM_SharedFolder M Helloworld Yesterday
RVFpga & Helloworld_C-Lang Yesterday

& LedsSwitches Yesterday
B¥ipaetabs [ LedsSwitches_C-Lang Yesterday
& vectorsorting_C-Lang Yesterday
& AL_Operations 21 oct

©
or
]
]
]
+

Other Locations

&150. Blinky & /5 3043k
3. &P HFEBIlinky, R)EHE “OK”  (Hix) (KE50) .

4. TEgmiEas sl B AT R B R gAY, RIS Fblinky.S (51D
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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

&151. PlatformlO KJblinky.S

s .#,; - e NN RUN [> PIO Debug s
5. Hi BAT AR s AR e I R o 9 e A VAR R
k. PlatformlOfEmainpd £ Lk & —MImE W s . Bk, #idi “Continue”  (4k4E)
vesildiz 7R

6. fEHEMR b, #EBSAMAILEDH N
7. i “Pause”  (E{E) 141 EFHAT . PATHAETLIR
TEA NI AT 1B (ATREFEt ime 1 ZERT PR )

8. i A ST M E — N R I AN, JF B W AR N F)
“BREAKPOINTS”  (Wrgi) ik (ZWE52) .
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File Edit Selection View Go Run Terminal

@ E ER & Fi n Blinky.s X & PIO Home
PEN EDITORS
~ BLINKY

main
main:

» FFFF
a®, GPIO INOUT

0(ao)

= README.rst

, GPIO LEDs
B)

&|52. ZEblinky.SH % B W7 i
9. MR, B HAd “Continue” (4k%:) 441 AT, ME)E
B—EHPITRER T (sw) BAEEIE, ZIEA K1 (800 BARAMKILED.

10. GREHAT LK HE BI9KEH 2 A7 MILED I ERE R & A A g

1. 42 1 , SRJEE I IR (5] 2 B Y5 P AR .

WL “File” (L) — “Close Folder” (SCHIXXH3) KRHIFER

D. LedsSwitchesf&F
=AY 5T & ERLEDAJT B E (S LK53) .

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

.globl main
main:

O J o U W

1i x28, OxXFFFF
1i x29, GPIO INOUT
sw x28, 0(x29) # Write the Enable Register

== o
N - O

next:
13 1i al, GPIO SWs # Read the Switches

14 lw t0, 0(al)
15
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16
17
18
19
20
21

1i a0, GPIO LEDs
srl t0, t0, 16
sw t0, 0(a0) # Write the LEDs

beqg zero, zero, next
.end

K&]53. LedsSwitches.S

F5 B8 R T F 25 BRAEFPGATT A AR 12847 AR AR A -

1.

3.

File

>

4.

Imagin

WRPAT T AT RG], WRVfpgaNexys CL4m 2 2IFPGAFF AR L, PRI 75 73 70nS ek
TR (B, RS F E o RVipgaNexys B g f BT KR b, &% IBAR ) BT ik i3k
ITERE, TR ) /2 LedsSwitches 1 AN /& AL_Operations il .

ETREAE |, iy “File” (XfF) — “Open Folder” (FTIF 30443 , g SHEHF*
[RVfpgaPathl/RVfpga/examples/. %+ HkLedsSwitches, XG5 “OK”  (#iE) -

FEFr LedsSwitches. S — N LFRFEH, EH AT R, RTINS BxELED E
(E54)

Edit Selection View Go Run Terminal Help
E ER & platfo n LedsSwitches.S X

> OPEN EDITORS
~ LEDSSWITCHES

nandLine main

clude main:

LedsSwitches.S
> test
.gitignore

al, GPIO SWs
T pl nio.ini t0, 0(al)
= README.rst
a@, GPIO LEDs
te, te, 16
te, e(a0)

zero, zero, next
K|54. PlatformlO7 [f]LedsSwitches.S

RS RIRE U R s iR R 28 )5, R P IRIZ1T . PlatformlOfEmain & 5 Sk % B —
Al . B, e “Continue” (ks walBizaEs.

Pk shNexys AT RIRJEEEHITF <. B L BIE 2 HF AR L FILED S /R R fHE . v bLi% L
YR EERAT, BLET IR ESEE. elE, Bidi “File” (X)) — “Close
Folder” (SGPISCHI) RPATIH .

G, BEAEAERS AR AT R A . NIk, PlatformlOf2 {7 “Memory”  (fifi#
%) WoNo

ation K211k — RVfpga A 1465
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a. FEHAT, FEBEB nextE AR aa AL . BT E O AME “Memory”
%) Won (ZWEB5) , MR H.dG “Enter address...”

File Edit Selection View Go Run

P PIODebug ~ & &
» VARIABLES
» WATCH

» CALL STACK PAUSED ON STEP
~ BREAKPOINTS

» PERIPHERALS

» REGISTERS

~ MEMORY

Enter addr

Imagination
university programme

®

(A ik
Cin N HbE..D

Terminal Help

LedsSwitches.s X

main
main:

OxFFFF

GPIO INOUT
S}

a5

al, GPIO Sws
B, 0(al)

a®, GPIO LEDs
e, t €

zero, next

K55, FFfEes B

b. G RVIEAE MG Rl (S WIK56) . fEFF LB Ar B HE AV b, 7EA
#1171 50x80001400.

File Edit Selection View Go Run
> PIO Debug

» VARIABLES
> WATCH

» CALL STACK PAUSED OMN STEP
~ BREAKPOINTS

» PERIPHERALS

» REGISTERS

~ MEMORY

Enter address...

C.

Terminal Help

LedsSwitches.S x

o confirm or 'Escape’ to cancel)

main
main:

FFF
GPIO

INOUT
8 )

, GPIO_SWs
8, 8(al)

., GPIO LEDs
16
te, )
next

Zero, Zero,

’156. BT~ MV 4A - 25 ik

WIE, EREREN T (K57 , NI —MEOxe (FRATER A

ZANATFRNOR A A, BIT EA24 1) o
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File Edit Selection View Go Run Terminal Help

P PIODebug ~ & £ & platformio LedsSwitches.5 X

» VARIABLES SrC 5 ¢ bytes to read? (Press 'Enter’ ko confirm or 'Escape’ to cancel)
» WATCH
» CALL STACK PAUSED ON STEP
~ BREAKPOINTS
? PERIPHERALS main
» REGISTERS main:
~ MEMORY

Enter address... Delete FFFF

I0_INOUT
)

. GPID Sws
0(al)

a@, GPIO LEDs
16

& 57. BEERKFZTHE

d. “Memory” (fff#i#s) BaACKAEAMATH, Ho BmBAT SR 124771
(ZWLIE58) o FATAE16NIF R H HI(E AN0x123C (2 Uit h0x80001402 Al
0x800014034L f11745) o 5 FEFIRISC-VEMR /N 2, B J&T v e s 1)
52 —5. 164LED ({FfififEH11:0x80001404 F10x800014054L) &/~ AA[H]
FIfE.

File Edit Selection View Go Run Terminal Help

£ Memory [0x80001400+0xc].

3C 12 2 3C 12 00 00 FF FF 00 00

next

F158. f7-fiti 25 1 1:0x80001400-0x8000140B

e. BIan, FIFRM LEHITF R HIME B BUN0x5555, K5 HIZ 8 AT — IRAE %A,
A7 it as R BT RAL RLAEIAAT 26— Sk AR 2 R LB R e (|59, L&D, ILEDHY
ELNLAE AT swhis & Ja AN B 2 (18159, TED .
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File Edit Selection View Go Run Terminal Help

> PIO Debug
VARIABLES
> WATCH
CALL STACK
v BREAKPOINTS
> PERIPHERALS
REGISTERS
N~
e MEMORY
0x8000

File Edit Selection View G

P PlODebug v ¢

vaRIABLES
> WaTCH
caLL sTACK
~ BREAKPOINTS
) PERIPHERALS
REGISTERS

~
a3 MEMORY

0x8000

3C 12|55 55/3C 12 80 0@ FF FF 00 00

al, GPIO0 SWs
te, o(al)

un Terminal Help

55 55|00 00 FF FF 00 00

59, FF M LEDRE X

0] DL HADAE i o0, Bl TR 7 AL E e 2 IRAMBLIE . 3T 5
—/MEfEERVO R, ARG HNEN0X0 (HrALZS RAMAE fig 2% AT aa k) , &
Ox100 ™% (60> . fE/B 327 (Startup.S) 2 J5, ¥ HFE 3|
LedsSwitchesH2 & F A7 fif 7E ik Vi [l 0x90-0xC4 N ) $5 4
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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
CE
]]
2 0B

w oW o
- =

o
= un

B P

LFH I ]
()

|

onimm Ld pd
o Pl =] L

13
82

&160. 77 25 H13-0x0Z£0x100

= BJ
(=]

9. EMFTIFREFFHSIC A, 7T LS F R IR LD, A8 RICSR R
KRALT
[RVfpgaPath]/RVfpga/examples/LedsSwitches/.pio/build/swervolf_nexys/firm
ware.dis (ZJLKE61) . FMlEEEATIE, 2lffiERF a4,

Disassembly of section .text:

00000090 <main=:

, 1032 # BO0D01408 <OVERLAY END OF OVERLAYS+0xabfel408=

OF OVERLAYS+0xa0001400=>

80001404 <OVERLAY END OF OVERLAYS+0xa@001404>

E. LedsSwitches_C-Langf& /%

& ¥ LedsSwitches_C-Lang.c ([¥62) 55t i /<) LedsSwitches.s#2 /5 (KI53) 1 L) HEAH
A, (HERHACESMAZILRES RSN,
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1 #define GPIO_ SWs 0x80001400

2 #define GPIO LEDs 0x80001404

3 #define GPIO INOUT 0x80001408

4

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

8 int main ( void )

9

10 int En Value=0xFFFF, switches value;

11

12 WRITE GPIO(GPIO INOUT, En Value);

13

k4 while (1) {

15 switches value = READ GPIO(GPIO SWs) ;
16 switches value = switches value >> 16;
17 WRITE GPIO(GPIO LEDs, switches value);
18 }

19

20 return(0) ;

21 }

K62. LedsSwitches_C-Lang.c
PR i P IRAEFPGATE KR iz AT At e 5 -

1. WERPAT TR KRB, NIRVipgaNexys E.4% 2 BIFPGAFF & B 1, IR I8 75 i vont H it
TR . 1BJE, W HSE T B RVipgaNexys B #H 9w A2 BT AR _F, 5B ARE 2 T idk ik
TR, VERE 2 LedsSwitches_C-Langzw 1 A /2 AL_Operations i .

2. fEWERSEHAE L, Ml “File” (SUfF) — “Open Folder” (FTHXXHEI) , RIGFME
H % [RVfpgaPath]/RVfpga/examples/ . i% ¥ H 5 LedsSwitches_C-Lang , #X Ja %
“OK” (HisE) -

3. FERAHER AT, JefECAAD I EE151T B E — M .
4. W, JHRIEW. BERFRITEIT, JRRER Az IR (863) .

File Edit Selection View Go Run Terminal Help

P PIODebug v & LedsSwitches_C-Lang.c X

~ VARIABLES
e eal

» Global

» Static

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

T, En Value);

return(@);

K163, $ATAEWT B AL IE
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5. ﬁﬁ?%ﬁ%ﬂﬁﬂﬁu EAERE R BT I S T 5% . LEDR B oK
JFRIME

6. WUAF LRCEFEFWHATHEDI, el LIS fdr 645 H R “Switch to
assembly” (UIFENCS) KREF G i as A VE A 7 AT 1 I -

File Edit Selection View G

RUN P PIO Debu( v

> VARIABLES
> WATCH
> CALLSTACK
> BREAKPOINTS
> PERIPHERALS
> REGISTERS

| ﬂ'\‘ > MEMORY

' DISASSEMBLY

El64. YIRS

7. CHET (E65) HHHESIES (1w a5,1024 (ad) ) HUIFRAE, SRS 10 FH 17 1%
4 (sw a5,1028 (a4)) ¥iZEEANLED. ZEESHATIET, kI L IFRIFLED & 42 2%
A LA 3 ) FF SAE

File Edit Selection View Go Run Terminal Help

&y 5

> PIO Debug v B

~ VARIABLES

~ Local

> Global

&165. ILmIET
F. HelloWorld_C-Langf&fF

5 ACRE TR BE T B AT 0 1 M shelldTED — 260070 B . AR IS, AT DUE H AT ] 2855 47
B, filtngtkterm. minicom®s; {B&, PlatformlO#R4L 7 [ O HAT WS, BIRAIEX
L s G AT A FH b B A

N T EPlatformlOS 47 A3, WAL E 28, Bk, 2080w 1 547 L
FIEE R (DU B s BON 3D, ik, FRATTRT BAAE F platformio.iniSC A% i
B, W2 PlatformlOXi B i—43) H 12 Eimonitor_speed ki€ iZ1H. 155 ILKE66.
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File Edit Selection View Go Run Terminal Help

@ E R & PIO Hor & platformio.ni x

 OPEN EDITORS
@ PIOHome

= 115200

= README.rst

= /home/dchaver/RVfpga/src/rvfpganexys.bit

= /home/dchaver/RVfpga/verilatorSIM/Vrvfpgasim

K 66. AT AN BRACE

Ak, FEES LR A DL RS H N Eldialout. ttyfMluucpd
sudo usermod -a -G dialout S$USER
sudo usermod -a -G tty SUSER
sudo usermod -a -G uucp SUSER

FEPATIR =2k 225, HEETHHEANL, MR AR

‘ Windows/macOS: WindowsfimacOSH P AT B 52l ik g, ‘

A, %R R WD ZE H [E 14 41 Chttps://github.com/westerndigitalcorporation/riscv-fw-
infrastructure) AL AL PR 2% 52 76 (Processor Support Package, PSP) FlIJT R H 3 #F
£ (Board Support Package, BSP) . ifiil 7Eplatformio.inisffdi 45 € 4 (framework =
wd-riscv-sdk) (HIE66ATR) , HAECEF I LB EMI S CnE6THIR) #HiX
AR E . ARARGEH I TEELE, Wi Ll R EgR:

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

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

REEPEIR M VF 2 DI, TP AR AT VR 2 84, B b . ITEN R R B 5%
NEAFEE . TEARGIF, AT Hprint fNexys METE BT A HITE—%MHE. £)5
T (A7 A S - BA TR Jee s Qe 5 P JE A R 300 5 R SEERAN IRT H 14
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iew Go Run Terminal Help

Helloworld_C-Lang.c X T P {ome

EG? YEHelloWorld_C-Lang.cHA&3&. h3( itk
PN T 2 BRAEFPGATE &R i AT At A S «

1. WERHAT T RTIHENRF], WIRVfpgaNexys O 4w FESIFPGATT & i ., BRI J6 75 F voxt He ik
TR . E, TSRS 7 B RVipgaNexys B 5T 4 A 20T KW b, % 1% AR 2 B ik i3t
ITERE, 13 FIHelloWorld_C-Lang i A /& AL_Operations 4l .

2. #TJFVSCode. {TJFVSCodel, PlatformlONfEVSCoder HEhHT . fETMAE: b, Hdr
“File” () — “Open Folder” FTH ) , AR5 SMEHF*
[RVfpgaPathl/RVfoga/examples/. i%+HelloWorld _C-Lang~>({}3%, #R)5H#di “OK”
CHED -

3. ¥ ¥ HelloWorld_C-Lang.C (K68) %145 {L UART (i #uartlnit) , 285 1l A 6 44
printfNexys il i 55 17 ¥ I & & 7 /5 8 (A] LLLE S A~/ platformio/packages/framework-
wd-riscv-sdk/board/nexys_a7_eh1/bsp/bsp_printf.c /1 & B 1X $L g G s2 L)« Ra, %
PP 2B IR— BT IR], 2 J5 FHIR B B9 T 4R 4

& 68. HelloWorld_C-Lang.CHImain &%

4. {EPlatformlOm 5 sl i il 4% . HFEF I aGis T, i 7 VS Code i # i) 777 X 4% £l
(69) FTIF R AT LA -
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» OUTLINE

> NPM SCRIPTS
®OAD R v > @ 9 [

’169. T AT K

5. AT A R EFTEIE 2 “HELLO WORLD !, 70/ 7~

File Edit Selection View Go Run Terminal Help

RUN [ PIO Debug ~ 8o $ platf Home HelloWorld_C-Lang.c X

~ VARIABLES

uartInit();

1ile(1){

+ CALL STACK

&l70. FRF AT
G. VectorSorting_C-Langf&f#

wJa, BAVER T —ACRER, %R KRBV HEAR S TR EATHR, IPRHY 5 RE
BAEFEBY . FEAREEIOAT. EH7T14H TiZREF.

#define N 8

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

int main ( void )

{

QO J oy Ul b WD

int max, ind, i, 3J;

=
o

for (3=0; F<N; Jj++) {
max=0;
for (i=0; 1i<N; i++) {
if (A[i]>max) {
max=A[1];
ind=1i;

el el el
O W N

=
(o))
—
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17
18
19
20
21
22
23

}
B[j]=A[ind];
A[ind]=0;

}

while (1) ;

}

K 71. VectorSorting_C-Lang.c

F5 B8 R T F 25 BRIEFPGATT K AR 1247 AR e e«

1.

WRPAT T I B, WRVfpgaNexys CL4m F2 2IFPGATT & AR L, PR JE 75 F v0Ons ok
TR . (HIE, WA SE F B RVipgaNexys B ¥ 4 FE BT R AR L, 154% IRARE 7 Fir i i3t
1THEME, VER A VectorSorting_C-Lang i1 A~ /£ AL_Operations 7~ .

ETRESS A |, B “File” () — “Open Folder” (T 30/43) , RIGSME
H 3% [RVfpgaPath]/RVfoga/examples/ . % #% VectorSorting C-Lang X f 32, #R )5 ¥ i
“OK” (HrE) -

FEBEI0TE MW RO G IRR . PUTHRAE Cor TR TT UM 1L (E72) o JEIT RS
iz b i) “VARIABLES”  (Z2&) 5y, SRJEAMARBEALRE (727 205
BN

File Edit Selection View Go Run Terminal Help

RUN [> PIO Debu¢ & 2 Vect

/ VARIABLES
8

AIN]1={7,3,25,4,75,2,1,1};
BIN];

main ( )
nax, ind, i, j;

HBESO R

file

72 T LR FF AR I

PUAELE S 18T THUE 5 — AN W st %ﬁﬁﬁﬁnﬂﬁiﬁuﬁ (ZIET73) . $TIF “Memory”
(ffigds) Box (WledsSwitchest® )74 ik, K55) , MHLHE0x2148 CiZihhl Ayt
FEFP (A7 it 2% b F A2t m AR L) FFiE BoR0x504 7731 (S ILET73) o« ATLAE A [H
BA (JEHH0x2148-0x2167) FIB (JiHE 0x2178-0x2197) HIHIUAAHE
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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 > 22 while

ile

73, WA AR B R R — MRS

TR, BTN g (nEe4s) , AR EAN R EBRMETIE S, IR
B35 T A IR B ) B e (74> o B ATR, ERZHIEN T, HREARE
HLbfE . HE2, WrPREEPITIREIR S, I ER AT A8 P HE.

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

~ WARIABLES
 Local 01 act Pxce ain+70>
3,1

j: 8
> Global

> Static

]
Pl

TR ARIBH ML

BI74. F7 5

i “Step Over” (HPpkid) 4 (E) IR, KB BIBIEE — A A A4S
H, IFHAF R NMAERE N0 (ZWET5) .
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= Memory [0x2148+0x50].dbgmem X

@ 00 00 6O O
6 00 66 00

}

e{1);

B75. BAAMBABHIFRERER - FHEBRBE M EHEMAT AN B

5. WBRFTHIA, ST, JEI USRS T — JLIT RS C ST . BT B
EHAREABI (. WETOHR, MEBAREFUAREANE MKE/MER) | A
RRAGNT (A4 B DI 17 R B 6 g T K 20D

File Edit sSelection View Go Run Terminal Help
b PIODebug -
VARIABLES

v Local

ﬂ|\|' v Global

E76. PUTFER LS R 1E

H. DotProduct_C-LangfE/

I J5 — N7~ B 2 DotProduct_C-Lang.c (E77) HE AN A& K SR . %R BA PN &
#: mainfildotproduct. main & Ffd FH DL R =Mt A S200H F dotproduct sf £ : - 171 & K /NI
A ERIEEHIE . SR)5 . dotproduct ik Bt S AN ) & 1) AR IR [ 45
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@ Joy Ul WN

11
12
13
14
15
16
17
18
19
20
21
22

#define DIM 3
double dot;

double dotproduct (int n, double a[], double b[]) {
volatile int 1i;
double sum=0;

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

}

return sum;

}

void main (void) {
double x[DIM]
double y[DIM]

{3.1, 4.3, 5.9}; // x is an array of size 3 (DIM)
{1.4, 2.2, 3.7}; // same as x

dot = dotproduct (DIM, x, Vy);

return;

E77. DotProduct_C-Lang.c

EATREI R, TAMEAH L TEHE GEFERE, TEx. yildotMHIEREM Zdouble) . H
s, SweRV EH1ACEEZR AL RRT fio (K, %7l gee
(https://gcc.gnu.org/onlinedocs/gccint/Soft-float-library-routines.html) 2 4L 18413 & ZE A
AFSIFE. REAE -msoft-float, ZEMH T84 T 464 .

L8 1 125 BRAEFPGATT Btk L3z A7 A il b A Gh -

1.

WERSAT T AT RG], WRVfpgaNexys O 4n 2 2IFPGAFF AR |, PRI 75 F5 200 gk
ITHRAE. B, sz B RVipgaNexys BT 4 FE 2T K0 b, 15 4% IRARE 23 ik i3t
fTHEME, TER# FIDotProduct_C-Langz~ i1 A /&AL _Operations7~ 4l .

TR A b, Bl “File” () — “Open Folder” (T 30/13%) , RIGSME
H 3% [RVfpgaPath]/RVfpga/examples/. 1#%#% H 5% DotProduct_C-Lang, %} )5t “OK”
CHE) -

FE R 2 2 B, SEAES 10T A EE194T 20 B B — AN s (S LIET8) &

g, R, ZEPRHEIAT: HEE M b iE i (SIET78) .

RS MILE L, EIF “Variables” (A2&) #i (ZWET78) . XA HREBSE
main 7y FLHIRIAG1E . dot& EHI4R1E N0,
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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;

;i) {
il*b[il;

~ Global

> Static

E|78. DotProduct_C-Langf&fF: F— W aiKBEE

= b iy 25 Spe =
6. ﬁﬁ?ﬂﬁi%ﬂﬁo REFFAESE AN riAbfE IR (361047 .

7. UIEENC Y (64 R o ATUVER AR, I8 P N IX SRR,
HATIRN I (ZHETD .

= dotproduct.dbgasm X

<dotproduct+76>

adddf3>

p)
otproduct+26>

X 0e6 : ]

E79. DotProduct_C-Langf&/F: 2 =MW kKL 4R ARRS

8. DIHBICTER JEMIER AW mio ZRESEIAT, RIS (T . KA B dotZE B HEA AN A
BB (E80) .
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File Edit Selection View Go Run Terminal Help

[> PIO Debug

~ VARIABLES

> Static

#[0S]: no need for exit, just endless E tail atexit

&]80. DotProduct_C-Langf&fF: MIRMZ R

9. SR ILEFMIRT )G, i “File” (CCfF) — “Close Folder” (SR ARIE) KM
TiH .
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EARE A, BEAERVIpgaSim L1 H Verilatoriz 17 _E—35 R H I 58 — N FEF
(AL_Operations) . Verilator/& —Fifif{f#iiA1% 5 (Hardware Description Language, HDL)
iE%, HTAiEE XSoCHVerilog (7] \\[RVfpgaPath)/RVfpga/src3Hl) . @it ix fiziT
SoCHI =, MR T RERINERE T, XXT LU ML >] (FEIX L sLIh gy 2]
BATKe 171 SoCHS I PN F A BT AR RE A o

7. ZEVERILATORH i E

ek, FATRE R T WAl FH Verilator kK & & 12 & 1 11148 2 FIAL_Operations ¥ % 17 #3518,
AL_Operations J& 7F Z 6 # 7> H AT IR 0 28 — AN R il wmfEr (K44) . KB EH
PlatformlO4: {5 B #3725 @U:HHT%“F P A B AL BE B I FR & M ar A7 <28 (Rl & 7 2%
£3) S MBEMTERE L, it GTKWave & & 5 4 M &7 2815 S BEAS 7 AT A0 15 1

A Bl B3k S, Vrvfpgasim:

H % [RVfogaPath]/RVfpgal/verilatorSIML & Makefile Al Fil T4 i RVipgaSim i B 2% — il S 1
() HIA (swervolf_0.7.ve) . % HIAEL & Verilatord 2 T #ERIE R, DL SoCIERIA B R,
EARGIF, SoCifi T [RViogaPathl/RVfoga/srcd . #: Nk, IATE R W4 B RVfpgaSim
() —HER SO, SR S T8 d2/ERVIpgaSim HIZ AT [ AL-Operations 72/7 4 B .

1. R H i, AT DL iy 2 R AE i i Eoas kil Sk
cd [RVfpgaPath]/RVfpga/verilatorSIM

make clean
make

A+ Virvipgasim (RVfpgaSim{i 5 it S0 RifE H 5% [RViogaPathl)/RVipga/verilatorSIM
P AE R

Windows: 1 fd FiWindows, I 2 7E Cygwin £ st P $0AT X S8 M [H] 125 B8 CFF SR VR4t
B, WS IMRC) o iEER, C: Windows{HFJAr T Cygwin [\ UL N B : /eygdrive/c.
A o () AT HoA 35 W15 Linux ) d B AH ] o

macOS: A X EANEH, %2 ILIRD. |

1§ F Vrvfpgasimif i3t PLATFORMIOAE A BLE 25

A A LA RSO (Vivpgasim) J&, ¥ TEPlatformIO Py A 12 SCAF R A R 77
AL_Operations /i L (trace.ved)

2. EHEHLARKIKFTTFVSCodefilPlatformlO.

3. fETERE I, ®di “File” (Cff) — “Open Folder...” (TP 303> (K81) , 4R
J& 51 2 H ¢ [RVfogaPath]/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

&81. ¥TFFAL_Operations.S7 1

4. ¥ HFAL Operations (AEFTH, Wi HESd) , REHE “OK”  (HfiE) . &
K5 4E PlatformlOH 4T FF .

5. 4T JF 3L A+ platformio.ini . 3 i % % DL T AT @ 3L B AE S — 2 (Vrvipgasim) H A2 1Y
RVfpgaSimfjj 1 —#E i SCA AR (S ILE82) .

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

File Edit Selection View Go Run Terminal Help

= 115200

L platformio.ini
AE.rst
pgar

rilators

& 82. PlatformlO#JaE4L3C44: platformio.ini

Windows: fEWindowsH', RVfpgaSim{jj & o] $AT XAV fpgasim. exeo KlIL:

board debug.verilator.binary = [RVfpgaPath]\RVfpga\verilatorSIM\Vrvfpgasim.exe
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6. iﬂiEUﬂUIjJﬁEIZ%%EPE@Platformloglﬁlﬂéiéﬁﬂﬁﬁ, SR EFT “Project Tasks” (Il
HAE4) — enviswervolf nexys — “Platform” (°F&) , JH#idi “Generate Trace”

CERIZE) , K83,

File Edit Selection View Go Run Terminal Help

¥ platformioini X @ F

= /home/dchay

TERMINAL

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

Development

] Took 3.49 seconds |=

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

&83. iid Verilatord: it idE

i, Al LU PlatformlO% i & M AL i . ik, %ﬁﬁiﬁ%ﬂ (PlatformlO: New
Terminal” (PlatformlO: B2t %4, 1% AT PlatformlO % 1K) 17—
M & 1, SR 5 7EPlatformlO £ i i AN (B & ) DL N4 : pio run --
target generate trace

7. LB )RR, X ttrace.vedRi A
[RVfpgaPathl/RVfpga/examples/AL_Operations/.pio/build/swervolf_nexysW 4%, w]LL
1 F GTKWaves HAT T

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

WINDOWS: T #1 K gtkwave 64145 — Mk fEgtkwave.exeM SR, %N HFET
B FbinSCEIEpy . K% B AR FE I 51IGTKWave . 75 HFEFRITRES, #di “File” (3
4) — “Open New Tab” (FTHFHETFK) , R4 H1E I
[RVfpgaPathl/RVfpga/examples/AL_Operations/.pio/build/swervolf_nexys™ 4 i fftrace.ved
A

FEGTKWAVE 53 145 BN -

8. BLME, BRIt &h. EAMAARES . (EGTKWavelI A L7 &g+, B SoCHIZ
P, UMERTLUBES B ER Y. BEREI N “TOP” (EE) — rvfpgasim —
swervolf — swerv_eh1 — swerv, A58 diikifu (&84 R BIRi /AR
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S Telk (AT WZRED , FEBHEIERAMMEE “Signals” (F5) &&EE
tt “Waves” (EIE) EtgH.

File Edit Search Time Markers View Help

HNEE B aksl P Fombse To:[ 185200 ns C Marker:- | Cursor: 7ns
¥ ssT Signals Waves
gpio26 - Time
gpio27 clk
gpio28
gpio29
gpio30
gpio31
gpio_module
spi
spi2
swerv_eh1
mem
B ooa swerv
active_cg
dbg
dec
dma_ctrl
exu
free_cg

4 ns

L e R B

Isu
pic_ctrl_inst
syscon

timer_ptc
uart16550_0
wb_intercon0

[

Type Signals

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

wire clk

wire clk_override

&84. ¥/= 5 clkinB & E
9. MCKRJLIK, LMEW LIERNBME S0 (E85) .

File Edit Search Time Markers View Help
os G L '2"}\} == & » rrom|oOsec To:| 416 us (® marker:— | Cursor: 1ns

185. K

10. BIERINME S, XS5 BIREXUSBIsERISC-VAZH & —HHUT 84, EFR—Bith
CGifu) &S Sifu_i0_instr[31:0]fifu_i1_instr[31:0] (K86) , #RJ&¥iX Le(z 5 i 3 2
t “Waves” Q) Wikt . BI&ifudmiEa 9T, 0R/NEhF EIEEK0, 1R RNHbrE
R instr]31:0]F£ 3267154,

Type Signals

wire  ifu_i0_inskr[31:0]
wire  ifu_i1_inskr[31:0]
wire  ifu_pmu_instr_aligned[1:0]

Append Insert Replace

&|86. K& S ifu_i0_instr[31:0]Rifu_i1_instr[31:0]% N2 F i
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M. BER I TR A3 (A, FA8m 528, x28) HIES. Kswerv FHERE
JfNdec — arf — gpr_banks(0) — gpr(28), X5 Hditsithgprff CE & FERIFTIREHE
R, &S S dout[31:0] (T E/RAL_Operations. S5 H 48 F () %517 25 x 2 8 I N 25
¥ HH B B0 “Waves” B &gt (KI87) .

B s swerv
. active_cg
b :sadbg
B sadec
B awarf
= bankid_Ff
= :2a gpr_banks(0)
= gpr(1)
= gpr(2)
= gpr(3)
= 9pr(4)
= gpr(5)
= 9pr(6)
= gpr(7)
= 0pr(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)
= gpr(21)
= gpr(22)
= gpr(23)
= gpr(24)
. gpr(25)
= gpr(26)
= gpr(27)
= gpr{28)
o ;5. gprif

= gpr(29)
= gpr(30)
Type Signals
wire  WIDTH[31:0]
wire clk

wire  din[31:0]

KI87. K5 dout[31:0]4 in 2] &

12. ZEGTKWave T R {5 511 3 — M iE = tel 3. U test.telfir T
[RVfpgaPath}/RVfpga/examples/AL_Operations™ . ] FFi% 305 ik 7 o#r. R —
TR, SN IR TR A b ORI EEAME S IS I 44K

>:raddSignalsFromList rvfpgasim.clk

:raddSignalsFromList rvfpgasim.swervolf.swerv_ehl.swerv.ifu.ifu iO_instr

sraddSignalsFromList rvfpgasim.swervolf.swerv_ehl.swerv.ifu.ifu_ il instr

re::raddSignalsirombList rvfpgasim.swervolf.swerv_ehl.swerv.dec.arf.gpr banks(0) .gpr(28) .gprff.dout

FAEGTKWave FAfi . telscft, R “File — Read Tcl Script File”  (SCff — 2H(Tcl
JIA ) % £ [RVipgaPath)/RVipga/examples/AL_Operations/test.tclSCA4-EI v .

13. K188 5L /~AL_Operations.SF& /7 [ L& b 241,
# RISC-V assembly # comment (t3 = x28) # machine code

1i t3, 0x0 #t3=0 # 0x00000E13
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REPEAT:
addi t3, t3, 6 # t3 =t3 + 6 # 0x006EOQOE13
addi t3, t3, -1 #t3=1¢3-1 # OxFFFEOE13
andi t3, t3, 3 # t3 = t3 AND 3 # O0xO003E7E13
beq zero, zero, REPEAT # Repeat the loop # OxFEOOOCE3
nop # nop # 0x00000013

&]88. AL_Operations.S & H&: 311284

BAEEERE SHEFIATHRRMEN . BERFIZT, BHESMe3 (FfFdx28) 2N
FI89Ff 7R H 1 -

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+ 6 =17 # 0x006EOE13
addi t3, t3, -1 #t3=7-1=26 # OxXFFFEOE13
andi t3, t3, 3 # t3 =6 & 3 =2 # Ox003E7E13
beq =zero, zero, REPEAT # Repeat the loop # OxXFEOOOCE3

ESQ 184 AAL_OperationsHf7 H[H] & 748 t3 (x28) HIE

14. 7£10100 psPRUTOR, Ko hr fal py 4 %ﬁﬁuﬁ?ﬁmﬁﬁﬂ%ﬁﬁ’] ZKEARIZHIRL PIPATIE O
(E90) . RAIMi4%TE4A (1i t3, 0x0 = 0x00000E13 fladdi t3, t3, 6 =
0x006E0E13) JeHds, @I RERISC-VALHEZE 1) H % —2 (4015 S ifu_i0_instr{31:0]f1
ifu_i1_inst{31:01fi7~) o ¥ FRMM KIS (addi t3, t3, -1 = OxFFFEOE13fl
andi t3, t3, 3 = 0x003E7E13) £ F— AW, &EFKIES (beg zero,
zero, REPEAT = 0xFEQO0OCE3fllnop = 0x00000013) FERE FRM T —ANEHAEIE.

EE?SweRVMZE‘JQZ)KN%K%LEE%%%MH?@@ TR A LA S HUE 5 1)\ AN B £
AR k. B — M XA R8N MG, HTH %411 t3,
0x0 (0x00000E13) WIJERK, x28 (£3) KA N0 (JFAHMZ0 . —MEME, BHTF
m?avaddl t3, t3, 6 (0x006E0E13) MK, x28¥FHH NOx6. = FK, HT
—%48%addi t3, t3, -1 (OxFFFEOE13) WIEK, x28¥FEHN5. &G, BT
,T\?E.qandl t3, t3, 3 (0x003E7E13) WA, x28¥HH N1. A, BIELLT
W %454: beq zero, zero, REPEAT (0xFE000CE3) Alnop (0x00000013) ,
WRAEDSCIFERIEA . EOLIE BT T AL . R HERE, " LAHTEE Ik
AR, T EI90F KI8T .

Signals- Waves
Time
clk=
ifu_i@_instr[31:
ifu_ il instr[31:
dout[31:8] =

B190. Bl = HARZHEIES HPAT

Imagination k%14l — RVfpga A [ 1457
Hi4<2.0 — 20224E4 H
© Copyright Imagination Technologies 78



@ Imagination
university programme
8. 1§ FIWHISPERZAT i &

Whisper (https:/github.com/chipsalliance/SweRV-ISS) #:Western Digital /f & ] — 3 RISC-V
BAEN AL (ISS) , HTKIFSweRVAI S . EEIIXFH i HA, HIEFHIEZMIRISC-V
i F R AT 2 /T RISC-VAR RS . K| Whisper, ] L4 H PlatformIOJ . 1247 AR C B 4 F2
R, 7 Nexys A7 FPGATT & .

Windows: A5 drfthiid 1 fr G 1 B #083E A T Windows  (FRATTZE &4 Jean-Frangois Monestier,
il 2 5 5 Whisper # 8 2| Windows :  https://jean-francois.monestier.me/porting-western-digital-
swerv-iss-to-windows/) . TEVER, FHHE DA G ZR A P o v Whisperifi i Windows s k15 .

[macOS: A 4 ik i Y] t1& i FmacOs. |

15 FH #2447 A4 F Eclipse B PlatformlOZ 2 ¥ IDE (£ T KA 45D ¥ A $47 Whisper. 7E7
oy, IRATTE R — AN DUE o i) 7 PlatformlO H 48 F Whisper i B 18 ¥ . 2 )5, A LS
FH LA BT 3 125 BB R A B HAB L T

AT Se 48 FHWhisper 1SSk EAL Operations, ‘& & 1E 5563045t AT FIR 2 () 45— i 24
LR (Z0LE44) o %I T TH P ERAEWhisper Bz 17 f R A ChD :

1. $7JFVSCode (FlPlatformlO) . FETNHE S A~ b, Hii “File” () — “Open
Folder” (JTHF3CE32) , i % H 5 [RVfogaPathl/RVioga/examples/, #%+# ({HAFT
) HFAL Operations, #RJGH#di “OK”  (HiE) -

2. B “File” (XXff) — “Open File” T3/ , Mk

[RVfpgaPath}/RVfoga/examples/AL_QOperations/platformio.ini, 3R & BB 551747 1I9E
B, Kiwhisper B AR T E (K91 . RAFHE (3%Ctrl-S) .

File Edit Selection View Go Run Terminal Help

@ EXPLORER & platformie.ini ¥ @ PIO Home

~~ OPEN EDITORS & platformio.ini

& platformic.ini

~ AL_OPERATIONS

= 115200
= whisper
= /home/dc

= /home/dchaver/RVfpga/verilatorSIM/Vrvfpgasim

B91. BR{H 17T HRE
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N . I> IUN R .
3. Hﬁﬁi@ﬁm‘/ﬁxﬁﬂi%u RN || PIO Dabug S R 2 TR 5L

4. WA, WLLRIERE.BE o —FE R RE T, (HIX UOZFE T 2 7E Whisper F 17 A & 75
Nexys A7 FPGATF Ktk bidid i JisqT.

5. WHRFEFEWhisper ffi H printfNexyse&i %1, 15 WiHelloWorld_C-Lang i (556.F¥4r)
WA BT FPlatformlO B AT Wi dias , RN B BonrEfiidizt 694 (2 0E92) .

BREAKPOINTS

> PERIPHERALS
REGI

DISA!

BLY >
@0A1 g PODebug(Helloworld Clang) @ v > & © [

&K 92. fFEWhisper+ #4THelloWorld_C-Langz~5]
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9. Fix

PLR B s R 7 4o € Linux AR FFJRRISC-V T A 85 A10penOCD  (ifi 4~ & PlatformlO) ,

A0 £ Windows H1 % & 5 H] PlatformIO '~ 4 LU RFRL USRS FE 7, i £ Windows FliMac OS it
HHLE 223 VerilatorfIGTKWave, LK anfi] i H Vivado X RVfpgaNexys i 17 4mfE . 31071 H
TA “RVfpga NI 1488 " H A ] FH B

£10. RFFIR

i Vi BA BIERA
A 7EUbuntu 18.04 + K HJERISC-V L B85 F1OpenOCD | | Linux

FRVfpga
B 7EWindows 1 %2 2% f Ff] PlatformI O ft 7 (I SR Zh A Windows
C fEWindows 7 %2 % Verilatorf1IGTKWave Windows
D fEmacOSH %% VerilatorfIGTKWave macOS
E i FVivado¥fRVfpgaNexys N # 2|FPGA I Windows fllLinux
F TE V5 3 H H 48 IR Vfpga ksl

B 7 A FH T A8 248 ] JT U gec/gdb T 2 H1OpenOCDLE AL 4 A1 AT A I H . {5
7, B RVfpgaf F A PlatformlORkACE, A N[ T48 ik .

Windows H] /" A & M BRI B K CH B DL BT . P B U W] 1 40 ]~ 2 3k 3 12 /7 DA fiE
Windows % i 1] LA g i PlatformIOk N 82, LA nfRVipgaNexys % |Nexys A7 FPGA
TFRW E. SECRER T anf 2223 VerilatorfIGTKWave LL{#Windows ] 7 7] LL 1/ ELRVfpgaSim.

macOS H 7 W 284 B 3D H Ui B LU H Verilator f1GTKWave >k 4/ E-RVfpgaSim.

2 i# FPlatformlO¥RVfpgaNexys 24 T2k ( thbit 3 fFrvfpganexys.bitiE X ) FNexys A7
FPGAFF B L. 1Zbitsff (rvfpganexys.bit) 1 LLHi VivadomiPlatformlO4= .. b4k, i&w]
PLf# i Vivado ¥ RVfpgaNexys & 4t T #i F|Nexys A7 FPGATF &K b, Wi RERTER. {H4E,
A WEH VivadoiRVipgaNexys F # 277 &tk — Al Z2WindowsH 7, RN L #/E 75 2
AW A e IR S FE T
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f3%A: 7EUbuntu 18.04 41 Fi FFJERISC-V T R4 F10penOCD

RAETRATE WS FHPlatformlO, (EAEAF /-, AR UL 23 . 1847 A HFIRRISC-V
T B4, fnfalf# FlOpenOCD#RVfpgaNexys & ##INexys A7 FPGAJT K £, LK fnfaf{s
gdb7ERVfpgaNexys iz T IR T . 1% T HEE hgnudmi%4s. WHlas. EmasE k. A
JE/n T i fEUbuntu 18.04#:E &2 48 (OS) % #ERISC-V I HEEFMOpenOCD, {H & il fE
N 3E - HALinux RATRRAS . X S8 350 BB e 1 4 B Ubuntu & 5

WAL H ¥ & PlatformlO, WITEFHHAT LA T IR, WiAYEm AT ATk . 22U f# H PlatformlO
Vivado M1 Verilators{Whisper=kiz 7. Wi F i HRISC-VIE 7, {HZ&, X TH 28 H I IE
RISC-V I B 5 f10OpenOCDk # X PlatformIOf1Vivadofif £ & B 2% LT A 7, $24L T LR
Ui .

I. ZELinux Ubuntu OS_#t47 223

AR, IRATNE T T £ Ubuntu 18.04 1 5 ML % 34 RISC-V T B4 . OpenOCD!
Whisper. X4 T B AL & X PlatformlO; WA GSGH 53 7> Frik, 1594 75 % % 2% Vivado Al
Verilator.

RISC-VI B4

1E AT R U A S B SN b 22 3 52 BRISC-V L B BE, Rignudmidas. L2855,
RISC-V InternationalfE LA 7 B #2447 222353 8. https://github.com/riscv/riscv-gnu-toolchain.
XL R .

e Z3%RISC-V L A M OpenOCD W fE 5 % JLAN/INI, K ES 70 I (Bl E1E T 4655 TR 88T
B M b

ELuAN LT N QLR TR RE— A2/, IR RIS ELE 7S5 R 3
).
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

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

e cd riscv-gnu-toolchain/

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

e sudo make (WA RE, H{FHsudo make -j$ (nproc), MIEATLLE EY46% 9
PRI ]

e cexport PATH=$PATH:/opt/riscv/bin (£ RGH L)

OpenOCD
OpenOCD& — M fr Eiik#s, fvrAH i AU H bR & i AT g A . #2081
()25 B ERISC-V OpenOCDZ 3 F|iHH ML L

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

Imagination k%14l — RVfpga A [ 1457
Hi4<2.0 — 20224E4 H
© Copyright Imagination Technologies 82


https://github.com/riscv/riscv-gnu-toolchain

Imagination
university programme

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

Whisper
T B8 R F D B Whisper 2 25 21 H AL E (AR, ES
https://github.com/chipsalliance/SweRV-ISS, Tﬁ&ﬂlﬂzlﬁ T JSESD)

» 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=$PATH: [RVfpgaPath]/SweRV-ISS/build-Linux (HRJEFHEE K
[RVfpgaPath]) o

YV VVVVYVY

Il. &itOpenOCDZERVfpgaNexys - HATHEF

FSIRA. K RVfpgaNexys F# ([&25) #]Nexys A7

1. FeFIE&RVipgaNexys bit U5 H H 5%
cd [RVfpgaPath]/RVfpga/src

2. f#f1OpenOCD¥RVfpgaNexys & 2| JT KR
riscv-openocd -c "set BITFILE rvfpganexys.bit" -f
OtherSources/ConfigFiles/swervolf nexys program.cfg

S E,B. $fTLedsSwitches, ZEFEIIF X IR LIRS EHFELED -

3. #%|LedsSwitches/commandLine H 5% :
cd [RVfpgaPath]/RVfpga/examples/LedsSwitches/commandLine

1% H 3, w43 A T 9% 13 JR 88D 1Y Makefile . 8% #2 i A& . python i A< BL K&
LedsSwitches. SFEF .

4. Ymik.elf 3
make clean
make LedsSwitches.elf

5. ¥*OpenOCDi%#F|SoC:
riscv-openocd -
f ../../../src/OtherSources/ConfigFiles/swervolf nexys debug.cfg

OpenOCDH 4RIz T)E, FHIJLFWEE, Hb—%&ER:

Info : Listening on port 4444 for telnet connections
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6. I ME&im, FRREFHS

(cd [RVfpgaPath] /RVfpga/examples/LedsSwitches/commandLine) , FFia{TLA

T4
telnet localhost 4444

RIE, fEtelnetERerh, HA:

load image LedsSwitches.elf
reg pc 0
resume

K= A MER TR (1)¥LedsSwitches.elff2 /7 Il %k #|RVfpgaNexys I, (2)¥# 2
J¥ il ##s (Program Counter, PC) & & N0 (FEJ7 2 — R4 M/ o) (3)
E AT

R TG 7ERVIpgaNexys iz 1T, RVipgaNexys#E CL7E 5 29 R #5|Nexys A7
FPGAJF & _EIRISC-V SweRVolfX SoC. i%FEF{HLED B R TFRHPIRA& . REITFL
i, LEDZ 3 RPeAs PA S et 2 1B -

SBC. MPUTHIBEEARZHIZE WAL Operations CommandLinef2FE TR

IAE, AR WA{E H OpenOCDHgdbifik 75— ME/F (AL_Operations_CommandLine) .
7. TREFOpenOCDEREWITFIRE (ZWEESH) .

8. frizfTtelnetl AL s (MEE6ITAR) » LA LT AR Wi HtelnetiE 1%

exit

©

#3487 AL_Operations/commandLine {5 H H %

cd ../../AL Operations/commandLine

% H 3, w43 A T g% 3 VR 8D 1Y Makefile . 8% #2 5 A& . python i A< PL &
AL_Operations.SFEF .

10. % 1. elf S fF:
make clean
make AL Operations.elf

1. 85, &g, @A LU AR 3hgdb:

riscv32-unknown-elf-gdb AL Operations.elf

12. fEgdbE il &5 9, HA:

target remote localhost:3333
load

X FEREF|OpenOCD, ¥ AL_Operations.elffE 7 34 B fEfk ds .
13. AE PP RFE T . SN LU R R B IF o Mt -

i disas 0,20
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AR N EE0EI20 CANVEFENE20) HIE4AIT. 12 W93,

(gdb) disas 0,20
Dump of assembler code from 0x0 to 0x14:
=> _start : i t3,0

addi t3,t3,6
addi £3,t3,-1
A andi 3. £33
<REPEA |+12> beqz zero,0x4 <REPEAT>
End of assembler dump.

- E93. BEILHER

ii. ir t3

G R AR IMANR . B, ATUMAERKKRA: info reg t3.

B2 LK.
(gdb) 1 r t3
t3 0x0 0
E94. ITENHFEE L3P A& H{E
iii. i r pc

AR (o) N . S ILIE95.

(gdb) 1 r pc
DC Ox0
95, 4T wﬁﬁ%—%ﬁé\ﬂﬁ%ﬁﬁﬁPCEP@AEﬁﬁ

iv. stepi
ir t3
stepi
ir t3
stepi
ir t3
stepi
ir t3

stepiffEFHPAT %L . 1 r 3R B RATFAHINNE. ESIE96.
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96. :z~#nﬁn%?%\aﬁc7§§t3%ﬁ%§

15 H gdb 58 B B2 77 A A A7 2 I R R IR FE J5 ,  dl i 78 gdb 28 i o 4 A\ quit >R iR Higdb,  7E
OpenOCD % ¥ H4i A AC KR HHOpenOCD.

IIl. 15 F VerilatorZERVfpgaSim 45 EfEF
1. {EUbuntutP 7 JF & i

2. AT HH, JEIEIAT LT A R AL p A Foas i SCp

cd [RVfpgaPath]/RVfpga/verilatorSIM
make clean
make

A% Vrvingasim (RVfpgaSimAi 2 —itdl ) RirE H
[RVfpgaPath}/RVfoga/verilatorSIMM 4 % .

3. BRI G RO A SRR

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

4. QUM T EE N HERIRR Y .
make clean
make AL Operations.elf
make AL Operations.bin
make AL Operations.vh

5. AT HEZ=.
../../../verilatorSIM/Vrvfpgasim
+ram init file=AL Operations.vh +vcd=1

JURb P 5, JE ISR L R AANCITE 1B B . SCfftrace.ved B CVAE R, Rl GTRWave
B HFIT I

gtkwave trace.vcd

6. FZHERTE ) P IR8 A2 R U], A5 S i I B B I 21T 04

Imagination K %:11%ll — Rvfpga A\ I 1457
Hi4<2.0 — 20224E4 H
© Copyright Imagination Technologies 86



Imagination
university programme

IV. Z£Whisper M5 ERERF

1. #EUbuntu 37 T & i

2. VR E IR GRS

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

3. B ICHwAEST .

make AL Operations.dis

4. {EHHE T ITITAL Operations.dis. ¥ B K M2

< start>:
0: 00000e13 1i t3,0
<REPEAT>:
4: 006e0el3 addi t3,t3,6
8: fffelel3 addi t3,t3,-1
c: 003e7el3 andi t3,t3,3
10: fe000ae3 beqz zero,4 <REPEAT>
14: 00000013 nop

5. X HMEATHATIIH 4.

whisper --interactive AL Operations.elf

6. WIRET-

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

fi Fwhisper e Boxt R v Al 77 4 I SONHR 78 i, 3l 72 2 0m rh il A quito iR H .
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fixB: EWindows Y Z22E{d FPlatformIOf & KK SHAEF

BN Zadigh AT 3, RN R DU M (ZALE97) -

https://zadig.akeo.ie/

B Inbox (12 B RISC-VG ) Documer Downloa BY Notepad + = O X
(0N Whttps://zadig.akeo.ie) vy in@ & =

Driver  WinUSB (v6.1.7600.16385) =) WinUSB (v6.1.7600.16385) = More Information
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 libusbK, to help you access USB devices.

It can be especially useful for cases where:
* 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

& 97. Z3:PlatformlOfE FH f\INexys A7 KR ISR F

HdiZadig 2.5 RAF FTIAT SCMF . RJRISATIZ T (zadig-2.5.exe) , iZSCAFAL T H N EAL
B JeHh, BRTBIE “Start”  OF#R) S Azadig RILEZ . REEnTRE= W I &2
T E LV Zadight T LT E L LR R B e & T . PR “Yes” (&) .

¥ Nexys A7 RBGERERITFENIFE. £Zadigrf, #di “Options” (&3 — “List All
Devices” FIHFTA KA (S HIKE98) .
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il Zadig - X
Device Options Help

List All Devices

Ignore Hubs or Composite Parents V|| |Edit

~ Create a Catalog File

- - M Inf ti
Driver s Sign Catalog & Install Autogenerated Certificate a o 2
WinUSB (libusb)
USB It Advanced Mode libusb-win32
- libusbK
WweD Log Verbosity >

WinUSB (Microsoft)

0 devices found.

&198. ZadigH'[#] “List All Devices” (5| E &%)

IR N RSE R, BERISIH “Digilent USB Device (Interface 0)”  (Digilent USB# 4
(#170) ) #1 “Digilent USB Device (Interface 1)” (Digilent USB# 4 (F:101) ) o KX

A “Digilent USB Device (Interface 0)” (Digilent USB¥t#% (#100) ) 3 IRSIFE 7
(ZILE99) .

2 Zadig _ x

Device QOptions Help

Digilent USB Device (Interface 0) v [[JEedit

Digilent USB Device (Interface 1)

Intel(R) Wireless Bluetooth(R) @tion
Integrated Webcam (Interface 0)

Goodix Fingerprint Device (Interface 0)

Lenovo Optical USB Mouse

X Replace Driver ﬁ TIBLSBK
WCID = E WinUSB (Microsoft)

6 devices found.

199. ADigilent USB# & (#:H0) &HEWinUSBIRZITEF

WAE, R FHHWInUSBIR SR 7 & #FTDIR S A7, WiE100f7~. Hd “Digilent USB Device
(Interface 0)” (Digilent USB¥ % (#£110) ) XfMf) “Replace Driver” (& #tiXzhfefF)
(5 “Install Driver”  (ZZIRFNFEFF) ) o KrdiNexys ATIFRRIIRSIAE T, B0, R
T & %3 Vivado, I4x HPlatformlOf# F FIWInUSBIX s A2 5 £ 4 Vivadofd ] I F TDIBR S AR .

L Zadig — %

Device Options Help

Digilent USB Device (Interface 0) v | [JEdit
Driver | FTDIBUS (v2.12.28.0) = | WinUSB (v6. 1.7600. 16385) ‘ = ”f’re I“ff’r“‘at““
WinUSB (libusb)
USB ID | 0403 “ 6010 “ 00 ] libusb-win32
5 Replace Driver v libusbK
WcID = IE WinUSB (Microsoft)

6 devices found.

&100. E#:Nexys A7TF R IRKIIRSNFE 7
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— BT GEF L4 Ja, ZadighifamRshiey b3, $id “Close” KM ,
XI5 K Zadig B H .

T Ad H PlatformIORY,  Jo 75 B 22 3 iZ AR 7 . (HiE1E =, fEWindowsH, ZIRShERF
5vVivado R 3#% . Kk, RNEEFHE H Vivado¥s bit X+ 3 BIFPGATT &b b o 1 5 2 A
Vivado F#bit ST AR , 75 24 0K 8 72 7 38 J5 A Bl Vivado — 2 22 285 1 Jif 46 3K 2h 72
F, B SREF TR
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fiC: EWindowsH % VerilatorflGTKWave

FEARFR >, FATHHI I AT/EWindows 10+ %23 VerilatorMIGTKWave. fEWindowsH!, 1A%
14 H Cygwink % %&Verilator, Kl FRATT & 2 15 B G e] 2 2% I gm R /18 47 IR 555

Cygwinﬁ%‘ :

WML Chttps://www.cygwin.com) ik, CygwintiGNUAIHFIE T HA %, EAIEWindows
FARAERAL T Linux AT DI RE . 32 88T TH 2P B AEWindows 10 1% 2&Cygwin.

1. SHiEZBEM T (https://cygwin.com/install.html) , #RJ5 T #4% Jysetup-x86_64.exelt] %
B (E101)

€ Cygwin Installation x [=F
& O o & https:;//cygwin.com/install.htm|
Cygwin u
Install Cygwin
Update Cygwin W I
Search Packages
Licensing Terms
Get that Linux faeling - on Windows

Cygwin/X

‘Community
sl Installing and Updating Cygwin Packages
IRC channte
Gold Stars

Mirror Sites . . 5
= Rug setup-x86_64 exefany time you want to update or install a Cygwin package for 64-bit windows.

Documentation
FAQ
User's Guide
API Reference
Acronyms
Contributing

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

Cygwin Packages

Installing and Updating Cygwin for 64-bit versions of Windows

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 transition

See this mail for more details.

Related Sites
General installation notes

E1101. CygwinZZ 35/ 5T

2. Wi DR RN EBAT IO (B102) o B “Next” CF—) JLik, fREER

LI

LT SERE “Choose a Download Site” GEF FauiS) (&103) ,

CIR>S 77 SN She R vy
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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

&102. CygwinZ3& & 0

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

Awvailable Download Sites:

http://mirmors. 163.com ”~
https://mirmors. 163 com
https://mirors.aliyun .com

ygwin mirmor.constant .com
http://cygwin mimars hoobly com
http://mimars koehn.com
https://mirrors koehn com
http://mimors metapeer com
hitps://www singleboersen com
http://mirmar team-cymru .com
ftp://mimors xmission.com
hittp -/ /mimors xmission.com
https://mimors xmission.com w
L ..

P S N T

User URL: | Add

< Back Next = Cancel

BE103. LT A

3. JINPR)E, Kk “Select Packages” CGEFHAMM) HH (KE104) . ¥ “Full”
(723 WHE, WE104775.
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Select Packages

E Cygwin Setup - Select Packages

Select packages to install

View |Category -

<

Search Clear

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

Cumert  New

Sc? Categories

Size Description

Default

Hide obsolete packages

K104. “Select Packages”

4. Rl n] Bl dg R r R se B AR (E105)
BT E A

< Back Next = Cancel

GEFERMFR) 'O

. 1£ “Search”

(2O M, EFIEL

E Cygwin Setup - Select Packages

Select Packages
Select packages to install

View | Ful ~ (OKeep @ Best (OSmc [Test
Package 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 | [] Games 1,371k 2048 game for Gt/KDE
2048-qt-debugirfo Skip hd Debug 2257% Debug info for 2048-qt
Hi2-debuginfo Skip ~| [] Debug 3,976k Debug info for 412
AtomicParsley Skip - : Audio 10% Commanddine program to read and set MPEG-4 tags comp
AtomicParsley-debuginfo Skip - : Debug 281k  Debug info for AtomicParsley
CUnit Skip ~| [ 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-debuginfo Skip «| [] Debug 679% Debug info for GConf2
GeolP Skip hd Net 31k  GeolP C library
GeolP-database Skip hd Net 24604 GeolP Lite free) databases
GeolP-debuginfo Skip *| | | Debug 118  Debug info for GeolP
GraphicsMagick Skip hd : Graphics 88% GraphicsMagick library
GraphicsMagick-debuginfo Skip ~| O 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 - Graphics 5361k Image processing suite (documentation)

ORBit2 Skip *| | | GNOME 84k CORBA 2.4 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 447%  Debug info for OpenSP

R Skip ~| || Math, Science 42,27k R Statistical computing language

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

R_autorebase Skip hd 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 «| [] Debug 25% Debug info for SDL2_image v
< >

Hide obsolete packages

< Back Cancel

&105. “Select Packages” CGEFHME) FO - “Full” () A

T RENS g Pk Verilator 3£ A4 SOHT 1A 017 FLAs bSO, AR B2 DU B
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- git

- make

- autoconf

- gcc-core

- gcc-g++

- flex

- Dbison

- perl

- libargp-devel

£ Cygwin 2 % if 2 /D AL FRIX S B AR AL . 3R DL TR P BRI FX S AR . (BRATA BoRF1 3R
P — MR gl e TP B AR 'ﬁJH:?I‘HH)

- 1E “Search” (#Z%) fEFEKqitHFE (K106) .

E Cygwin Setup - Select Packages

Select Packages
Select packages to install

-l

Package Current MNew :
cait Skip '| I
cgit-debuginfo Skip Vl l
engauge-digitizer Skip '| l
engauge-digitizer-debuginfo Skip Vl l
geany-plugins-git-changebar Skip 'l l
girepository-Gigit 1.0 Skip Vl l
) E T -
agit-archive-all Sklp vl l
- . . r
106. Zikgi t 4
S H N =] Y N
- FE NS R PR AR IR AT e X R IAE (107D
sy g g o NI ) - - iy v s
girepository-Ggit 1.0 ki [ Libs SBk GOb]ect |rvterfaceto IlhgrtZ
i & |oe
git-archive-all hd - Devel Mk Git archive with submodules support

&107. :ﬁ%ﬁ%“rﬁiﬂi#’jﬁﬁmﬁm*@

C AU ERIF AT FI SRR, (e XS A, A DL R R
B3 F M flgec-coreMgee-g++, MAMEFAMA10.2.0, HARHIRA (FERE
ARSI 911.2.0) 5 VerilatorfE£E — 265,

5. MFENANBMO)E, EHERE DT “Next” (F—2) LIfECygwinZidke (X T%
i, S IEM108, ZE R R E L) h s ltb?MfF@ SR )5 ki “Finish”
(GE) sEpese (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 =
&]108. CygwinZ3%

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
E109. SE &z %

6. R FEK AN Cygwin e dr, iR B L IR2-5,

VerilatorZ3

¥ 18 N1 1 B AEWindows 10_F 223 Verilator .

1. FTHFCygwinZ&iii (110D , AJfEWindows i IfiEk “Start” (JF#h) bk 3% &0 .
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&1110. CygwinZ& ¥

2. HZMELLN P IRS IF %  Verilator. IX W] BERR 28I E] (EEZEJUADNED , BAREGR T
THEHUA I -

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

git pull

git checkout v4.106

autoconft

./configure

make

make install

VVVVYVYYVY

GTKWave &3t

GTKWave 7] LAAE A 15 4w % 4 14 40 M https://sourceforge.net/projects/gtkwave/files/ T4t . 24k
BOHTIWindows B (FE4m 'S A SRS, BEFR N gtkwave-3.3.100-bin-win64) , R )5 T #
AT IR MR R4 . AT TR bin STAT e N HK B — A 44 8 gtkwave [ T BT SO, AT BLTE
Windows i+ S A1 AT AL 2304
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fy%D: 7EmacOSH I VerilatorfIGTKWave

FEATR A3 A, AT W] 2EmacOS A % #: Verilator lIGTKWave . 1% 283 B i FimacOS
Catalina 10.15.633:47 1 WX, (H¥iTH AT LLE HA iR A OS 148 . Homebrew
(https://brew.sh/) A BEARH T %22E . X-FmacOSH 7 —AN iz A I (60 3 28
MacPorts, 7] PAREIZRLIFIZ R (https://www.macports.org/)

geccidt:

N T A8 I Verilatordw 8 (017 Hods, 75 BAE R G 23w A TR ARk T 23
AR g TRAE. T I R %

1. %3 XCodedy 21T LH. HER, XRKLELLVM, HELZREE, geom R
Mo Ak, WE7E “Terminal” (£ % H AL R4

= xcode-select -install

2. fiiflHomebrewZ#gce. Hi AN fir 4

o brew install gcc@9

VerilatorzZ3% .
1 I Homebrew 7 %% Verilatorgit A4 75 31 1Y 2 s Hh iy N DA R i & — £ 1] 5

» Dbrew install verilator

atkwave 2% .

R, FATEE I Homebrew % 3 gthkwave . (HIX K& —1GUI macOSMAEF, FILIRATTH
B Af Hcask. TEFTIF IR LT 4

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

ZRGERJGE,  “Application”  (RLFHFEF) SO B H B gtkwave.appElbr . 4 1 @It a4
ITRERZ N TR, ] RE T B2 2E Perl [ T G A e .

» cpan install Switch
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PR LLR 25 188 IR VipgaNexys#tFPGA%# i (iljZVivado) :

WINDOWS: fEWindowsH', 7EPAT FHMIPIRZ AT, FERAN R (Mfi%E) REFRE,
B IRFNFE T 18 5 g Vivadofd FH (IR S FE T

¥ Nexys AT RMCESRE ZITHEAL.

I BT %8 Nexys A7 KR -

¥T7FVivado 2019.2.

#EVivado T 1 0] FH (1K) A8 /F &7 22 4%, IR i 5 BoR B840 TR o

o0 oo

Vivado 2019.2

Ele Flow Tools Window Help = O QuickAccess

VIVADO'

HLx Editions

Quick Start

Create Project >
Open Project >
Open Example Project >

anage 3
o
en Hardware Manager
Xilinx Tcl Store >
1

Learning Center

Documentation and Tutorials >
Quick Take Videos >

Release Notes Guide >

BE111. TR B 23S

e. “Hardware Manager” (HEFE LA KFTFF, FHEEM AP EAFIR AR H iR, #id
¥y “Opentarget” (777 H#r) — “Auto connect” (Hz7E#) T B (E112)

File Edit Tools Reports  Window  Layout Wiew Help
=, o

HARDWARE MANAGER - unconnec ted
@ Mo hardware target is openOpen targst

Hardware ? 00X

<

E112. $T7F B 45

f. i%&# “Program device” (2% %) , WE113fR. BIE, T E K RVipgaNexysnz,
FIFPGA L. E#H & O, M[RVfogaPath)/RVfpga/src/rvfpganexys.bittiik £ “Bitstream
file” CHLRFRSCHE) o Bk “Program”  (Yaf2) .
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Ele  Edit  Flow Tools
= -« =]

Flow Navigator

v PROJECT MANAGER
£+ settings
Add Sources
Language Templates

¥ Ip Catalog

v IP INTEGRATOR

Create Block Design

v SIMULATION

Run Simulation

v RTLANALVSIS

> Open Elaborated Design

Window Layout View Help

Name
~ 1 localhost (1

<

Hardware Device Properties

@ xc7a100t_0

Connec ted
~ B9 xilinx_tcfiDigilent/2102924D2| Open
v 8 xc7al00t_0 (1)
XADC (System Monitor,

Programmec

Imagination
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Program Device (<]

Select a bitstream programming file and download it to your hardware device

You

o d
tionally select a debug probes file that corresponds to the debug cores P

can optionally
5 contained in the bitstream programming file.

?_00OX

I Bitstream file:

dchaveriRvfpgarpraject_Liproject L runsfimp|_Linfpgabit |-

Debug probes file:
v SYNTHESIS

Hame: xc7a100t 0 ) Enable end of startup check
P Run synthesis Part: *c7al00t
Open Synthesized Design
> op y 9 ID code: 12631093
» Run Implementation Status: Programmed

> Open Implemented Design Programming file:  t_Liproject_1.runsfimpl_1/rvfg

E113. wE k&

g. JLBHE, #EHRVipgaNexys (PAFPGAN HinffISweRVolfX SoC, £ iLIE25) %FPGA
AT

h. #J5, ffVivado# #.i; “Hardware Manager”
“Hardware Manager” (FEfF358)

CREPFEHESS) A L7 XL R A
(E114) , LMEVivadoBEis It KR »

FE114. SR HL 2%

WA IR ZNFE I 5 AWindows H Vivado i F (IR R

BRI E, fEWindowsH, Nexys A7 FPGATT AR HI LRI FE 7 7E VivadoFlPlatformlO_E A i A
Al FRFUE N AE FH PlatformlOXf FPGAREAT JifE, WAGSGEHSAF A AR, HE, WA
EAf I Vivado T bt SO, A ZIUKHAE [ B Hh 22 4% (ARSI E 718 S JyNexys A7 FPGAJT R
Vivado (FTDD) IRZh#EF. Ak, @it L7707 “Device Manager” (& E A -

gy “Start” (FF4f) RH, EEREF KA “device manager” , X5 i “ Device
Manager” C&#EHZ (ZIE115) .
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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 |

Imagination
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2

Device Manager

Control panel

Open

&115. ITFF “Device Manager” (i&%&&H5%)

B: Rk, JEFF “Universal Serial Bus Devices”

USB Device”

(Digilent USBi#%4%) , #RJ5iEF “Properties”

GEM AT RLE) , Agd “Digilent
et (ZWE116) .

screen

80%

. @ 1

M Device Ma nager

EX®

File Action View Help
¢ m B HE B
9 Bluetooth
@® Cameras
DComputer

w Disk drives

[Zd Display adapters

! Firmware

) Human Interface Devices
== Keyboards

[ Monitors

[ Network adapters

& Ports (COM & LPT)
M Print queues

D Processors

7 Security devices

¥ Software components
B Software devices

Gu Storage controllers
E3 System devices

§ Digilent USB Device
¥ USB Connector Manage

Opens property sheet for the currer

I Memory technology devices
@ Mice and other pointing devices

iy Sound, video and game controllers

¥ Universal Serial Bus controllers
v § Universal Serial Bus devices

Update driver
Disable device

Uninstall device
Scan for hardware changes

Properties

&|116. FTFFDigilentiINexys A7 FPGAFF KR IIXShAE 7 Bt

1E “Properties”

Driver” (REWIFEF) (ZHE117) .
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Digilent USB Device Properties X
General Driver Details Events
4 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)
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).

OK Cancel

E117. IRE WA

K — a0, WSS RR . S —NEE, RERT “Yes” (&) (BN
K118) .

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?

@lMy 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

e [ w ]

E118. AR E
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IRFNFE I E NSRRI T J5,  “Driver Provider” (IXEHFRFHEALTT) ME s NFTDI (%
E119) .

USB Serial Converter A Properties X
General Driver Details Events

o 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.
] 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

E119. FTDIZXZENFE - B N ALK X IR P

PUAE, A LLfE A Vivado¥s LL R SO in# BIFPGATE Rt b . (B2, 1575 4% ] Zadig & #:
Nexys A7 KR ENFEF, LAMEPlatformlO ] LUK FEF K3 #IRVipgaNexys . Kk, [A
FE Ul A PlatformlO R #kbitS3C 4 (AN Vivado) — IXFE(E A — B A IR B R T .
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By3RF: 7E TNVAECR B H 4 FIRVfpga

20204E7 A, T/ L AT K24 B 9 2 Daniel Leon Gonzdleze i T At A 27 16
CEA T % FRISC-VH LRSI IFPGASLHL) o X5 7R T RVfpgafe sLbr T
MV A S R A o JRATAE R AR AL 7O H R, i DN B R AR R IR O

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.

&G TIEEN 15 FIRISC-V L RS I FPGASZHL

FHE: WPER BT s % 75 2 B A BRIR R AR R S, (BAER 20U T e A =
BAR ST RE o (HRAE TR S, XA EOL AR, REAL RS 1K
FH RN A [ e b BE 55 B S I AL BERE ). N T P S R R R R T R
AT DL A — R FH i RO B AS DL e 1 e B 2 DRI AE R AR E ST R . 1T H
HFIFH Artix-7 FPGAfG R | 5 T-RISC-V Ab B 25 S 4 1 J5 R A7) 1K P 1% st 1 Al A2 SIS 3 ] R
FERETR T N SRR B E ) 120 5 % 2% ]y 22 28 Do) 2w P A 2 S i 182 FH 1T SIS B 1) 5
HilSoC LA L Jilf 75 i1 Zephyr OSHRENFEFF HI T K ISHE . 78715 115 ThingSpeak =~V & 2 [A] A]
DA R IR A e 2 m i 2 o A SCEFEXS A RISC-V AL B S SEHL) 438« I 75 Jo A4 R 4
R UL A B BN H Bt TR R -
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