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Update History:

- Version 1.0 (Released November 2020):
o Original release of the RVfpga course.
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- Version 1.1 (Released June 2021):
o Added description of Labs 11-20 in Lab 00.
Updated SweRVolf version to 0.7.3.
Updated Verilator version to 4.106.
Added Boot ROM initialization program.
Added new Figure 1 and Table 1 in the GSG describing the RVfpga System
Added a UART exercise to Lab 10.
Fixed some typos.
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1. 29

RISC-V FPGA (RVfpga 2= AFEE)E A& RISC-V ZZ A A S FPGA (Field Programmable Gate Array)2t
A [}

AEZO0IHE SHE o O3, 0|8 AHE W =%st0] ARH OF7|EHA, CIX|E CIXtQl, YHITIE AJA” 8
T2y SEots| I et = L Labs(HEUM)E E=S= 7 |X YL CH

O] RVfpga A%} QHLHAM Ol = OfZHOf A ZtEFsA dHE THE ChEar 22 F2 MM0| JASLCh
o HHE AIZF 710|E (MH 2)
o HIF R
o RISC-V O}7|HIXN (M4 3)
o RVfpga A|ARI(MM 4)
o SIES00A RVfpga A|2E ALE
o ZIZES0 £F HX (MM 5)
o RVfpga A|AR] A% S =22 (MM 6)
e RVfpga A|AH A|E2[0]M
o HDL A[EY0|E QI Verilator AHE (MM 7)
o  Western Digital 2| 0| MIE A Z20|E 2 Whisper ALE (44 8)
« RE
o native RISC-V EHQ! 5! OpenOCD A8 (5 A)
o PlatformlO & AM835}17| 28l Windows 0 E2t0|H x| (£5 B)
o Windows 0| Verilator % GTKWave &X| (88 ()
o macOS 0f Verilator ¥ GTKWave &%| (8 & D)
o Vivado & A25l0{ RVfpga A2 FPGA O CI2EE (£ 5 E)
o OfX: 2+HE 10T OHZ2|#H 0440 A RVfpga A (R E F)

MM 2)= Rvipga Off 223 &[4 AT EQI0] HX|E M
Z2OMS ORELSHD Hlse U S 20 FLCH Rvfpga A|IAEE O
HI MM 30|M AESHE HA| 70| EE ARSI AL,

11 RVfpga Ol A ZHEFSH Of X
23| ofsiotAE MM 2 E Al

rx
w
=2
X
rir
)
wn
ﬁ
:Itl

Ef OF7|E| X 0f CHoH ZHafotAl AT7HStLICh MM 4 O M= Rvfpga A|2E (MM 4A -
E Verilog It 74 (MM 4D)0f| Cis A HEIL|CE RVipga A|AEI2 Western Digital

E A RISC-V SweRV EH1 Core ((https://github.com/chipsalliance/Cores-SweRV)E 7|EtC = S0

.2 13 E 12 SweRV EH1 Core O M RVfpgaNexys % RVfpgaSim 7HX| RVfpga AIAEIC| AE X
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SweRV EH1
Core Complex

SweRV EH1
Core

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

RVfpgaSim

DDR2, CDC, BSCAN, Clock Generator
Target: Simulation

Figure 1. RVfpga System A& 1=

Table 1. RVfpga System AZE 7 &

Name
SweRV EH1 Core

| Description
QE AA A RISC-V 20{& Western Digital 2 712 | Q& LILC.
(https://github.com/chipsalliance/Cores-SweRV).

SweRV EH1 Core
Complex

7t o=2 1CCM, DCCM R HE FHA)), =224 7ttt QIHEE HEEZ (PIO),
A QIE{HO|A B C|HM I FX[7F A= SweRV EHT F 01,
(https://github.com/chipsalliance/Cores-SweRYV).

SweRVolfX
(Extended SweRVolf)

RVfpga IPZ 0| A AL&3HE System on Chip 22 SweRVolf 2| =H&QiL|LCt,
SweRVolf (https://github.com/chipsalliance/Cores-SweRVolf): SweRV EH1
Core Complex & BHOE IHE QE A4 SoC YL|CH FE ROM, UART

QI H|O| A, A|AHI AEER], A5 HZA (AX| Interconnect, Wishbone Interconnect %
AXI-to-Wishbone E2|X|) X SPI HEEZE F7t L Ch

SweRVolfX: SweRVolf off GPIO, PTC, =7} SPI & 8 At2| 7 M|AHE C|AZ2 0| &

HEED 54740 MES FH YXE FoHEUL,

RVfpgaNexys

SweRVolfX SoC & Nexys A7 2E 8 FH HX|E H&4 2 22 L|Ct DDR2 2IE I 0] £,
CDC (28 =02 A2 4) FX|, BSCAN 2| JTAG QEHO|A 8) X 23 MHI|E
F7tgu

RVfpgaNexys £ SweRVolf & 7|Bt2 23tCt= H S X 2/5HH SweRVolf Nexys
(https://github.com/chipsalliance/Cores-SweRVolf) 2} & g L|C}.

RVfpgaSim

AlZg0|dS9let HAE #X| 2T S AXI H 22|7kU= SweRVolfX SoC.
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RVfpgaSim 2 SweRVolf & 7|2t 23tCHE M2 H|25tH SweRVolf sim
(https://github.com/chipsalliance/Cores-SweRVolf) it & Y gtL|Ct.

LIHX] MMOM = SHEY O (RVpgaNexys)2t Al&2{ 0|4 (RVfpgaSim) EF0{A RVfpga Al& E'% AtEdt=
LS EFLCL MM 50 M= Rvfpga E AH85tes O 2% 2T EQI0] =& &X|5t= YRS
HO|ELICE M 6 0| M= PlatformlO € AH83t0] Nexys A7 FPGA EE (M4 6.A)0ll RVfpgaNexys £
CIRZEstD o7 o T2 2 CIREESN Hlsis BE (MM 6B8-6.H)S 2 ELICH MM 7 1t
80Me= 2E &4 HDL A|=20[E 2 Verilator (MM 7)2F Western Digital 2| RISC-V ISS (Instruction Set
Simulator) @1 Whisper (A4 8)& AME23}0| RVfpgaSim 2 A|E8|0|Mst= B2 20{ELICL

nmmg; EZ22 |inux ol @3 ZTEIZE0A] RVfpga
ZEEO| Zast cato|Het AT EQNE MG
CHREESt=s WS BEOELCH (RE .

RVfpga & Ar83t= YRS EOF LI

£ A3t g (B2 A), Windows & macOS
2 (5 BD), Vivado E AHE3t0] Rvfpga & FPGA O
Ol HE F = MAE oT OEZZ|AHO0|M (BE FOIA

O'II'

of

# 2 0ll= Rvfpga Ol Q% 2T EQI0f I SIEQOITL LIHE[O JEFLICE O] 7H0|E+= Ubuntu 18.04 2
MK (OS)MlM o]t =7 A SIEQIOE HX|Stn ALEStes WHE 2oFLCh THE 293 A= (o
Windows B+ macOS) FAFeH (33| S YoHX|= YL EtE) tHAE WEL|CH X|HO| CHE 4%, ZX BAIE
AHE38H0 Windows 3! macOs Of CHt £ X|&HE FIHLCt

Note: Nexys A7 FPGA EE0f AWM AT 5= Q= B0 = Western Digital 2| ISS (B0 M E A[E2{0|E) Q!
Whisper Qt @E A2 HDL AlE0IE I Verilator & AFE5H0] A|E20| MM HEEE 2tE2Y 5= JUSLICH

0| A2 Vivado & HX|& L7t ELICH (MM 5A). VSCode/PlatformlO (MM 2 A0 B =) 8L
Verilator/GTKWave (MM 5.C off dHE) Bt MX|5}H E L|C}

H 2. RVfpga O “'9.*0_ EE%’-IIO'I 9 st=g0

Name Website Cost
Vivado 2019.2 WebPACK https://www.xilinx.com/support/download/index.html/con | free
tent/xilinx/en/downloadNav/vivado-design-tools/2019-
2.html
VSCode https://code.visualstudio.com/Download free
PlatformlO https://platformio.org/ free
Installed within VSCode
Verilator (HDL A|Z20|H) & https://github.com/verilator/verilator free
GTKWave http://gtkwave.sourceforge.net/
Whisper (Western Digital 2| https://github.com/chipsalliance/SweRV-ISS free
RISC-V &0l ME A|E20|H) Installed within PlatformlO
RISC-V EX2l X OpenOCD https://github.com/riscv/riscv-gnu-toolchain free
https://github.com/riscv/riscv-openocd
Installed within PlatformIO
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Name Website Cost
Nexys A7 FPGA E L+ https://store.digilentinc.com/nexys-a7-fpga-trainer- $265
board-recommended-for-ece-curriculum/ (e 7HA:
$199)
RISC-V 30| % SoC (System-on-Chip)**

Name Website Cost

Western Digital 2| SweRV EH1 https://github.com/chipsalliance/Cores-SweRV free

Core

SweRVolf https://github.com/chipsalliance/Cores-SweRVolf free

* 0] 7lo|20f Y= 2 E THA = Digilent 2| Nexys4 DDR FPGA EE0|M = Zt&S 3L Ct,
** |magination Technologies 2| RVfpga CH2 2 E 2t 74 XS & L|C}

FO|AtEh: AIZFSEZ| M Of Imagination 2| University Program 0| A] CH2 2 =3t RVfpga 26
Ubuntu/Windows/macOS ZFE{0]| S AtEtLICt RVfpga iE‘I £ [RVfpgaPath] 2 HiX|5l= C|HE2|o] HCY
d2E TETLICL RVfpga Ol = 5 7He| EG 7 AFLICL (1) OIA[: O] 7}0|EE AESt= =2t AL o H|
T2, (2) src: Rvfpga AIAE“Q- (Figure 1) & FE (Verilog S SystemVerilog) Z&, (3) verilatorSIM:
NE=x= [ ’éso”% gt A3 E E3 Verilator 2| RVfpgaSim, (4) driversLinux_NexysA7: Nexys A7 FPGA
HE& Linux E2t0|H 7} £§.+5|01 A1 (5) Labs: RVfpga Labs 1-10 O Al AFEE 21240 ZEHE(Of
A& Lt

Ol & El= APE X A:
O| Rvfpga A%} QHLM B! RVfpga &&0| ZetEl RVfpga I8 S 2t=5t7| TO| A A= %A% O &=0f
Cieh 712X Q1 O|8 7k RAO{OF LTt

° ElxlE-I EXI A-I7;"

o Mg IZZIONY (HHEQ

o OMED mzIazjw

o JTTO ME o7 |HH

e IZZANAM O0|2Z of7|E N

o HEZ| AXE

O &M= nutMO|A CHELIL}. Digital Design and Computer Architecture: RISC-V Edition, Harris & Harris, ©
Morgan Kaufmann, & 0822 2021 & | EQYLICE ChZS Zatet 7|EF R IMO|M Computer
Organization and Design RISC-V Edition, Patterson & Hennessy, © Morgan Kaufmann 2017, O|2{%t X &
YEE HEL L
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2. HHE A%} 710|E

O] MMO| M= RvfpgaNexys £ AH&dt= O Q9 &Aoo £ 15 AX|t= WYt PlatformlO & AFESHY
Nexys A7 FPGA E =0 RVfpga £ CHZZE ot Ct& RVfpgaNexys OlA Z2 1S HAst= WS
HOFEL|CH FPGA EEE T SHOF SHLICH (E 2 &X). O] EtA= O] BT Nexys4-DDR FPGA EEO0|ME
S

A. Z|2& MX|: vSCode, PlatformlO 3! Nexys A7 EE E2}0[H],
B. FPGA 0fl RVfpgaNexys & C22EstD Z2 1M MMTLICL

of2ff X|&2 Ubuntu 18.04 A|AE & QIL|CH Windows 10 % macOS ¥ HMAOM = Z5 &Lt X[ & O
Ubuntu & CHE 4% Windows 3 macOSs 0| Cfet &7 X|&0| e WE2 MY LICE Ubuntu E AHESH=
Ct. 2
WS

oY

32 e W8S FAL &= ASULL B2RE A (NE AEDHY Linux B2 2 ZHYEX|T Windows B2&

4o
t = A&

—

il

2 SYSHA|T H SEfAl (W

ne

A %4 A*X|: VSCode, PlatformlO %! Nexys A7 2 E E2to|H
O EtAO| M= Rvfpga E At&%te O %t XA AT EQ|0f A E2IO|HE AX|ghL|Ct HA
T2y 2H S HX| 8 CH2 Nexys A7 FPGA EE € E2t0|HE MX|gtL|Ct,

VSCode U PlatformlO AX|: IDE (S8 7HE 2t&) 2 PlatformlO £ AH83t0| RVfpgaNexys = Nexys A7
HEof CH2EESHD RVfpgaNexys Ol Z20MS CHR2 2 ESHD HAHTL|CE PlatformlO & Microsoft Visual
f

Studio Code (VSCode)2| EH&to 2 JLHL|RELICE PlatformlO & A Z2A ESHEO|H LI CIHAHE
ZahetL|c,

SH
[<R=1

Cte ctA o E[fEf VSCode W PlatformlO & 25 X[t A|2:
1. VSCode &X|:
a. ChS 30|A &K oY S CHREESIA|L: https://code.visualstudio.com/Download

b. EHOEE €1 VSCode & dX[st1 AlBtL|CL:
cd ~/Downloads

sudo dpkg -i code*.deb

code

Windows/macOS: VSCode I§ 7| X| = https://code.visualstudio.com/Download 0| 4] Windows (.exe It ¥) H
macOS (zip It¥) 822 & MSELICH O|2{st 2F HA oA 88 Z21:Z X5t dHWSt= o AHE L=
UL Ol EHA B [EMA|R,

2. VSCode 2/ PlatformlO & MX|gtL|Ct.
a. HOEO Ch3& Yt python3 REZ|EIE &AL CL
sudo apt install -y python3-distutils python3-venv

Windows/macOS: Windows 0| A =0| THA| (2.2)7} ZHR3IX| L&LICH macOS 2 A2 homebrew £ AR 8}0]
python3 2 dX|g = JUSLICE brew install python3
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>|

b. ZZ|X| H2 B A% HES UYL HM H70 "vSCode"E 2E510] VSCode E Al
CHE VSCode € ME#SIALE Ubuntu EO'20| code & Y=L T

FS

J
r

C. VSCode O A] VSCode o 2Z0jol &t [Eojoj2g Sai3tLict (12 2 &%),

B

13 2. VSCode 2| &% oto|2

AM MXO platform/OE LE

== R |
E3x).

platform io‘

PlatformlQ IDE 1.10.0

Development environment for Embedde
Platformio Install
loT Utility

Develop IoT project based on Platformi...
Jun Han Install
Aceinna

Aceinn tudio: open-source,.
PlatformiO Install

12! 3. PlatformlO IDE &%

d. SHEtel OUTPUT &2 MX| IS YeELICH AREH QEZ ST X0 A "Reload Now"E
£ 2/5I™ PlatformlO 7} VSCode LHE0f| HX|E 2FFTtLICH (AT 4 &X).

OUTPUT  TER

Installing PlatformI0 Cor

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

PlatformlO Installation ~

Please restart VSCode.

nlO IDE has been su Fully installed! Please reload

Source: PlatformlO IDE (Extension) Reload Now

33 4. PlatformlO &X| £ X|2 CHA|RE

Nexys A7 #H|O| & E210|H MX| : Nexys A7 EE & E2I0|HE =522 HX|s}{of grL|Ct.

o
o HOEs EUCh
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o [RVfogaPathj/RVioga/driversLinux NexysA7 CIHE{2| 2 O|sgtL|Ct, (ZHEtStA st
RVfpga EG 0| 0|23t E2IO|HE MSELICE 7t0|=2] MM 50X Vivado & EX& If
S Mo MYE 2 CHREESH 7| X[ A 0|2{3t ERIOIHE ®e == JUSFLICH)

o HX AITE MY
chmod 777 *
sudo ./install drivers

o AEHOIM Nexys A7 2EEE 22|51 HAEEHE CHA| A|ESH] HZA AFSS HBHMAIL.

Windows: Nexys A7 25 & EEIO|HE HX|st2{H £E B0 MSE XES MEHAIL.

macOS: 7t E2IO|HE 2X|g 27t glEHCh

B. FPGA 0f RVfpgaNexys & CH22E3l11 RVfpgaNexys O|A] T2 1% M
O|X| FPGA E CHAS 2= RISC-V A|AE QI RvfpgaNexys = Nexys A7 FPGA HE0| CHR 2 E8HL|CH A|%
CHHMOIA ="FSHK[= L ZUX| 2t RVipga AIABIE Verilog & [RVipgaPath]/RVipga/src Ol A At 5=

S LICH GSG 2| M4 4 0 M RVfpga A|AEQ| &4 AES AHSIL RVfpga Labs 6-10 Ol Af XiA|3]

ol
AN
2EYLICH £t oY 252 €5 250 M Rvfpga A|I2BS =FgLICh

uE rul

N

S CHAIE 2tE350] Nexys A7 FPGA 2 E0] RVfpgaNexys
1 THAl. Nexys A7 FPGA EEE ZAFEHO| ¢1Zsin HE
2 T, PlatformlO 3L ¢ T2 7|
3 THA|. Nexys A7 EE0j| RvVfpgaNexys CIH2E2E
4 THA|. RvfpgaNexys Ol Z20 W CHR2EE 51 A3

0%

SHUAlL:
L ct.

=
=
=3
=

¥ >

1 EH4l. Nexys A7 FPGA EEE ZFE0| ¥Z5I1 EEE FHL|Ch

HSE USB HO|E2 AHESI0| Nexys A7 EEE ZAFHO| AZALICE 18 5= Nexys A7 FPGA EEQ| LED
2 AQKQLUSB AU, 2 AQX|, FA| HE 7 MOAHE CIAEY 02 E2(H YXIE EFLICt Nexys
A7 2E°| USB HHYH ZE AO|0f #0|£2 HHstL BEE ALt

usB
Connector
Pushbuttons
7-Segment
LEDs Displays
Switches

1% 5. Digilent 2| Nexys A7 FPGA EE2| I/0 QE{H[0]A
(https://reference.digilentinc.com/ 2| EE 11&)
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2 THA|. PlatformlO % Cc =213 E7|
O|AM A% Ol =0l VSCode & 2&3tALL (A7 6 &X) 0|20 code & &33}0] Visual Studio Code
(VSCode)E g LILCt

Q  vscodel

Visual Studio ...

12! 6. VSCode 7|

= g|l= n1|TLr01|A1 PlatformlO O}O|2&

PlatformlO 2 (PIO & Home) &0| A}52 2 LE|X| YO W 2
S&lgtLct O3 S PIO 22 &8st E7|§ F=2tLICh O|X| PIO Home O] &t Ao 2 HIL|CH (A& 7
H=x)

& PIO Home X
L

Welcome to

Quick Access

Jg 7.rI0 & E7I

AT o olA THY - BO 27|18 22YsD CH2S MBI

[RVfpgaPath]\RVfpga\examples\LedsSwitches_C-Lang

EHE Mestn] EX|= OMAIR (A8 8 EXE). PlatformlO £ 0] Z21 3 QI LedsSwitches_C-Lang & Z 0

Nexys A7 EEQ| AQ|X| ZtE 911 HEO| LED 0 ¢S &LICh
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PLAT >S Vel Q' PIO Home
Vv PIO Home
Open « OS(C) *> RVfpga > examples Search examples
PIO Accoun
| Organize - New folder
nspect  pj
Projects & m Desktop o [J Name Date modified
Libraries Documents AL_Operations 11/21/2020 10:45 PM
Boards 4 Downloads Blinky 11/21/2020 10:45 PM
Platforms J Music DotProduct_C-Lang 11/21/2020 10:45 PM
Devices & Pictures Helloworld_C-Lang 1 10:45 PM
v Deb i 11/2 45 PM i ’
ug & Videos LedsSwitches 0:45 PM de
Start Debug LedsSwitches_C-Lang /21/2020 10:45 PM File folder
2305 (C)
Toggle Deb
Vv Updates
® Library Upd Folder:  LedsSwitches_C-Lang
Platform U
Update All
Vv Miscellaneous
PlatformlO Core CLI Boards

Clone Git Project

Select Folder

New Terminal

I Inarada DlatfarmIN Cara

X ®0A0 @ # LiveShare

13 8. Open LedsSwitches_C-Lang Ol %]

src 20 E &St LedsSwitches_C-Lang.c 8 & ©H 226t LedsSwitches_C-lang Z2IHZ & =+
UASLICH AR 9). AR QLM HIEZ0AM O] 20| CHo XkM|S| HHTLICH 2 A% 70|20 =
Nexys A7 2E0A A& E RvfpgaNexys Off 0| T2 1M S Ct22 =8 EL|Ct

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

> OPEN EDITORS i SW
V' LEDSSWITCHES C-LANG #define 0x80001400
1404
0x80001408
> include diry (*
2:1ib #d dir, value
v src
LedsSwitches_C-Lang.c main ( )
start.S

N En_Value=0xFFFF, switches_value;
> test - -

( , En_Value);

platformio.ini while (1) {
= README.rst switches_value ( )i
switches_value switches_value >> 16;
( , switches_value);

> OUTLINE
X ®oAo @ v > @ © %> Live Share ,Col1 Spacess4 UTF-8 LF C Win32 & 0Q

& 9. Leds Switches C-Language.c =217

=]}
x

PlatformlO Ol Al Rvfpga OIXE XS ¥ Chips Alliance 23 E0| Xt522 HX[EL|CH (A E 10 2 20| PIO Home —
Platforms Ol Al & == RUS). 0] E3E0)& 0|2| YEE RISC-V =7 Z&, RISC-V 8 OpenOCD, RVfpgaNexys H| E oY
RVfpgaSim, JavaScript % Python 23 EE, 0{2| O|X|Qt 20| LtE0f| AHET o8| =77} ZE|0f JUEL|CH OfH O|RE &
Chips Alliance Z2EZ0| AtF5o 2 MA|Z|X| U2 F2, MM A0 M= 2 522 HX|T £ JA&LICH
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File Edit Selection View o Run Terminal Help PIO Home - LedsSwitches_C-Lang - Visual Studio Code
g PIO Home X

~ PROJECT TASKS
W
> @3 Default

rvolf_nexys
B Installed

@ Project can depend on a specific version of development platform or VCS (Git,
d and Monitor drojects Mercurial and Subversion).

¥ Platform 0 Filter platforms by name...

~ QUICK ACCESS Inspect
v PIO Home
Open |j|
PIO Account ibrariae
Ins
Configuration
Libraries
Boards

Platforms
Devices . & Uninstall

o

X @oA0 @ v > W © # Live Share
3% 10. PlatformlO O &X|El Chips Alliance 234

3 Tt Nexys A7 E E0]| RVfpgaNexys CI22E

OlN| =8 HX|E X|SH= RISC-V ZEMME ZBSHE RISC-V SoC 2! RVfpgaNexys & CHREES FH|Jt
ZI& LIt 28 11 0t 20| EXPLORER &0 A platformio.ini (PlatformlO £7|3t tehE & #H S50 AL
Ot (B4 7|7} ot H& O'7(| A2 E% F 2|2 HwolA ES =50 Ll Ck) OfA|,
board_build.bitstream_file Z2E& Attlo| AEE CYX|S5HO RVfpgaNexys € H2|dt= HIE HmAQ| f|X| d2E
Forgyc (ag 10 &x).

board_build.bitstream_file = [RVfpgaPathl/RVipga/src/rvioganexys.bit

Ctrl-s & =2{ platformio.ini TtYS HESHAUAIL.

Z2HE 4 oY (platformio.ini)Ofl Cieh B2 FHO| UAELICE o2t M0 TS XtM|SH LH&2 CHS 0| A
=Holgt 4= Q& LIt https://docs.platformio.org/en/latest/projectconf/.
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File Edit Selection View Go Run Terminal Help

@ R

> OPEN EDITORS
~ LEDSSWITCHES_C-LANG

& platformio.ini

imagination
university programme

c/rvfpga.bit

rilators

J& 11. RVfpgaNexys H|E mtdofl A= 37t

Nexys A7 2 E0] RVfpgaNexys & (0| H|E I+of| Ho| =lCj2) Ch2 2 =ETFL|C}

o 2Z 0% 2|20)M PlatformlO Of0|2

[

Imagination University Programme — RVfpga Getting Started Guide
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File Edit Selection View Go Run Terminal Help
P PIO Home X
PROJECT TASKS

) B

@ Welcome to

Home
Quick Access

+ QUICK ACCESS
PIO Home
r19 W PlatormiO November 16 W Pl

figuration

Recent Projects

12 13, H|{Y+= PROJECT TASKS % - A2 1%l

13 CHZ Project Tasks — env: swervolf_nexys — Platform & 2&3t1 Upload Bitstream =
a2t C (A7 14 #X). 1 ~ 2 = F0| FPGA £ RVfpgaNexys SoC 2 =2 2jY EL|Ct

o J|2Moz Z=2ANAMe= F4 0x80000000 OIM HH 7t 27|E Al&gLCH 7| £ ROM 2
SoC Off AELICH (B 6 A =E). Boot ROM 2 LED @} 7-Segment C|AZ2|0|S 4 H ZHQl CHS R E
LED & 111 8 7§2| 7-Segment C|AE20|0f 02 A1, Bl REE JX[Sts Z2
(boot_main.mem)2 2 x7|3} EL|C} o] TR
[RVifpgaPathj/RVipga/src/SweRVolfSoC/BootROM/sw EL{0| A &g == A& L|Ct HZASI D
AT YUSta{M HE A - MM |0 MY = )2 $8SA A2 (boot_main.mem IHUL Chisd|
boot mainvh THUQ| EALE Q) A& 10AM= HE AEEZ MY I 0| Z2AWZ AHBSHY

Boot ROM 2 X7|3}5t= WS B0 EL|CL

PLATFORMIO

~ PROJECT TASKS
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4 THA|. RVfpgaNexys OflA| =213 CtR2E 9 M3
O|Xl Nexys A7 2 E0|M RVfpgaNexys € CHR2ZE5H0] A3 H OO0 2 RVfpgaNexys 2| HZ2[0] Z2IHS

CHR2Estn 22O S A/CIHOYLTH 215 AIO|E Hiof Rle "o & Ll " HE <> El

iy

2IstL|C}.

=}

5 AFSFL|CE ("PIO ClH{ " 40| MEHE|O| QU=XK]
SOISHMA|R). & ot 2X0f o] HEO| AELICH (A 15 &X) T2 0| HX ZItLE|1 CIHZO|
AlZFEILICE
File Edit Selection View Go Run Terminal Help
RUN [> PIO Debug
“ VARIABLES
Lch (2 15
CONTINUE STEP-OVER STEP-INTO STEP-OUT RESTART STOP
Jd316. CHA =4
Platforml0 = 7| & 7|55.2] Axt 2520| YA|Z breakpoint £ 4=ttt mat A2 =l 2230
T2 MABIA AL, O|H| Nexys A7 FPGA EEQ| AQX|S E28t1 i LED 7 HX = HS

sfoIgfL|ct.
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3. RISC-V O}7|ElX 74

RISC-V = Z2|ZL|O} HE2| CHEHO| Par Lab O|A] 2011 HO|| BH= [SA (Instruction Set Architecture) & L|Ct.
SHE RISC-V 7F 210 HeHH0|H 2|AATH M2 oT HX[0AM +H HAFEO| O|27|7X] ZE S8
ZZ2OU0| ML= ZEZMME 21T "RLHA ISA"7t El= AOIAFLICE RISC-V BAX=0| SEE
S5t I8l otZ|HIAof CHot 5 7HA| RAS = SLICE
o ZHERISH AZELO WX X Z2O2fY ARt D2HE[O{OF FLIC.
e FPGA 0| A ASIC (application specific integrated circuits) H AlS 7|&0| 0|2 2 E 7|& SMOfA
T210| 7hs3oF BLCh.
o OiO|3Z AL L= {FM MO, =Xt E= H| =X THo|= 210, CHot ROl HE XN2[E T3 t=
AL RE ZE5to] ChYot 00|22 OBl A AlLt2| 200 M 28X 0|00k LT}
o ISA XtH[Of A LMSt= 2X TR0l Bt A 452 FdstT| ok EF Yol XA =l =
UO{OF LT
o 7|2 FHO MEx QMEHO0| @2l X|&E[0{0F 5t WX A SEX0|1 st =g Y3E
M3 oF ghLCt.

RISC-V & W BFO|H MM =Z A2, 371 =0 Ql0[H 2015 HRE| RISC-V 2| =0 3 ~AZEQ|0]
NS FXI5t= H|F2| 222l RISC-V International 0|2t 115t= RISC-V KTHO| A 22|35t A& L|CE 2018
= RISC-V ZHEH2 Linux M EHOF X|SX Q1 H3 S AR 2020 H 3 & RISC-V M EHE 240 Z2ALE &
RISC-V International O | A& LIC O Met2 et HFEO| JHYGo| tHoh HRLIEZL 7HE 5= A= BE=
22 E UUESLICE 2020 A XY RISC-V International 2 Microchip, NXP, Samsung, Qualcomm, Micron,
Google, Alibaba, Hitachi, Nvidia, Huawei, Western Digital, ETH Zuric, KU Leuven, UNLV % UCM h & Z%&3}0]
AT, SHA S A2l 200 B Ol¢el Fa MM X AL C

RISC-V £ incremental architectures ME0| Ot 7Hetd BFE S ZE4/0(7| If20 X[t 10-20 E St 74 =
HotE|= MAXMCE RUSHISA & SHLIYLICH ZEA0E Qg AN NHESLCE ZENME 7|2

ISA 2 O|E A2 =& HYHO 2 OF #3TtL|CE O] ZEA 2 EAl2 0| |SA 7t SHEE|TL ZHZEo| A
T2 MAZE O AZEQIO =20 Satd2 B fldf "—_r“% 'O2 EfIVF X|HE HHAE
Zosto] 2= HHOE LB 0FSt= incremental architectures 1 x86 = ARM I.'f e 7|&E |SA &

=01, 80 7HS| HHO|Z A|ZHEl x86 2 O|X| 7| H0f ZEOA A
opcode % 131 2t 2 1300 7 EE+& 3600 7H7F H&LICH O/ E B2 #9
T Meo= ols) iEE9| B2 opcode L& 2 HHO{7}L 0[0| AL

St TE 227t 2 Z2HAMIF ettt

RISC-VOll= H 22 Z0| 32 HE HH™ 2 7§ (H= ! UH|ICI= B, RV32I X RV32E)2} 64 HIE 3 128 HIE

HA (Rve4l S RV1281)2| | ZHX| 7| & ISA & M0| UELICE Ratified 2 EA|Zl ISA ZE2 X2 AIEE £

UAELICH Frozen OS2 EA|El RE2 QIF &7 7<JO1| AA YRR %S W2 O AELICL Draft 2 EA|E
7

S =
252 SN0 B Y HOR ONELICL 2% TRANE TEL 5 Ut 5L

e oI5 4 Q= 5L 53/ 18, 3
RoFoI U FRIQ| #Y 8 ARG RLITE 0f2{eh 7|2 ISA 210) FHO| HHS 7150 £5 24T AL,
AT Lpe A, WE AT 22 S KYZ SUY 4+ USLICH 0|28 54 StEQ0] BT BFO|
EEE0f Qo0 HIAOA LI YOS HIAU N Yot SHS TS Cf4 vro|L{a] 2
MA0| JHSBILICE O|2{gh 2 SRS B 314 22 SHE0 7152 LEEF Lh7] 9IoH 4 I5A Of Z7}8iof St
Sxp2 AL 01 S0l RVM 2 Fot7I/LHr7| S0|T RVF & B8 247 &, 55 Y
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E 3. RISC-V 7|2 ISA
(B EX: 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

H 4. RISC-V EE ISA &%
(B EX: 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
"General"g LIEtLE= X G = Z& MAFD &S Za5t= BA|0] AL EL|CH A} £ 71212 2218t
opcode £ ALESI0 HE ZE0|M ALBE|X| e & HHOIE /LY = JAELICL O|E Solf EFAF Ot

WE AlE EAIE fIot0] ZHEe = ASHCH

>
i
0%
=2}

OlZ S0f 4 74 Ybt|s H £ ZSHslE= 64 H|E RISC-V 78S
RV64GBN ISA 21 gtL|Ct o|2{st R E BE2 H| §EH L= AR AFYO| R E L|CE RISC-V IHEHE HE
C Q X

O o
S MM E 2dst= o Fash dot A= Mo |H= oL
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4. RVFPGA A|2H! 7He

O HMOAS BO{0IA FPGA HE SIE{HO|ANIX FH| RVfpga AlAHES HBILICEL 18 17 2
ZR A ZOOA AIRIBE0] TOj FHO| THE SoC, OISR AlAH & BE QIE{Ho|AR
AIZfoe YHICIE AlARO| AurX Ol A5 IXE HOFLC,

=2 1=

SoC

T8 17, YHICIE AJAY 7Y

& 13 #E 12 SweRV EHT Core O A{ RvfpgaNexys S RVfpgaSim 7HX| A|ARIQ| AHE LXE
HOELCE ChE MMM = RISC-V @EE dAst= ZZMAM 20 (Western Digital 2| SweRV
EH1 Core)Ofl CHSH AFEFLICE O Chg MM B oM = A[AEQ SIEQIO 4 24 (RO, K22
U L=/ZH)E SUSHE SweRVolfxX SoC @ O| & RVfpga LHOIA AtE3st7| fs ==l hEkof CHsh
L Ch MM C Ol M= Nexys A7 FPGA EE (RVfpgaNexys)dl T+81 %l SweRVolfX SoC &
MYt AZ0|M0f AMRE|l= SweRVolfX SoC (RVfpgaSim)0il CHSHA = & HtL|Ct, OrX|ato 2
MM D O|AM HA| Rvfpga A|ARIQl It 2 E ML C

A. SweRV EH1 3.0{ ¥ SweRV EH1 20 HEHA,

Western Digital 2 x| & 4 S0 SweRV EH1 (RVfpga Ol Al AF2 E|= T 04), SweRV EH2 % SweRV EL2
(RVfpga A|AB10| &% H{ZTOf O|2{st ZO{7t ZEE 4= AZ)2| Ml 7HX| RISC-V ZOIE 7HLH&LICH 2
D00 Apache 2.0 2tO| AT} UL LICH SweRV EH1 R O{&= 32 H|E, 2- 90| %I AZat 9 ThA mo|=Z
2t2l FO{ Y L|Ct SweRV Core EH2 = EH1 Core & 755t1 &SI 7t §52 AT 01T 22 = 7|sS
Z=IHL|Ch SweRV Core EL2 = HY%t 458 71T O 22 Ao YLCth
https://www.westerndigital.com/company/innovations/risc-v 2| RISC-V H|O|X|0f = At& Zts8t M| 7kX| 207}
Ltet Aol =2 7|52 B 50 Ltet JAEL|Ct

E 5.3 7ie] WD RISC-V 30{°] F8 7|5

(B &KX https://www.westerndigital.com/company/innovations/risc-v)
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Core Name RISC-V Type Pipeline Stages Threads Size @ TSMC CoreMarks/Mhz
SweRV Core EH1 RV32IMC 9- dual issue Single Jmm @ 28nm 4.9
SweRYV Core EH2 RV32IMC 9- dual issue Dual .067 @ 16nm 6.3
SweRV Core EL2 RV32IMC 4- single issue Single .023 @ 16nm 3.6

3 742| 20 & SweRV EH1 30 (RVfpga 7| X[} &/ M-S
https://github.com/chipsalliance/Cores-SweRV QM= AR 7ts)E D8s5/MHz W ZHEHSH A=
TERE Qs MBBL|CE EDE @ E AA SHEQIO HSo| MEs= & 2l Chips Alliance &
SweRVolf (RVfpga I 7| X| 2t A M-S ElH https://github.com/chipsalliance/Cores-SweRVolf 0| A &=
AL 7hs)Etdl St 25t A5 E SoC & M3 LT RVfpga A2 22 Western Digital 2]

SweRV EH1 Core H{TH 1.8 2 AFE5H= SweRVolf SoC °| =& 2 AHEStL|CL.

SweRV EH1 30{= RISC-V 2| E== (), &= HH (0, =+ od L Lt (M) ST E X-H5H=
HA BE (M ZE) & 32 HE CPU IO YLICE T2 &x HHA
(https://github.com/chipsalliance/Cores-SweRV/blob/master/docs/RISC-V_SweRV_EH1_PRM.pdf)=
TZOAMEE EO|Y FHE S HE2a| Hof O|27|7HX| 202 B= FHS XMS| 2FeL
SweRV EH1 & 2 7H2| mtO|= 221 10 B¢ 11 0l A EXT Ol M Ex4 2 2{|0[=0] X8 &l 4 749| &t& =2
K| (ALU)E K| &A3t= dual-issue 9 THA| mHO|= 20l (18 18 HX)0| U= I 2Z et

A YLICH IO|= 2tQIo] & 74X| W B &= ALU S K| YT LICH IHO| = 2tQ19] T THX|
U2 2E/NMYE ARSI CHE -2 3-cycle laency muiltiplier & Ar& gL Tt S
ZZNAMO= THo| 2kQl QF 34-cycle laency divider 7t 1 71 A& L|Ct I}O|Z 2+210f| = Fetch
1','Align’,'Decode’,Commit'2| U| 7}X| stall point 7t A& LIC 'Fetch 1'EHA 0l Gshare branch
predictor 7t & LI 'Fetch 1'EHAIO| M= 3 7HL| | X| HHIHO| A HHOE AMTL T}
'Decode'tHAIO M= 4 7Ho| FHO HHIHO|A T 2 7He| H&E 07t C|Z Y E LTt

'‘Commit' ZFAIO M= MO|2 S Z|CH 2 72| 0| HAELCH OFX[9t2 2 "Writeback' T 01| A
OF7|E A 2| X|AE{7F |C|0| EE LT,
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Stage
—a——
1 Fetch 1 Stall Point

a3 S Pomnt

i —
4 Decode Stall Point

Load/Store Pipe 10 Pipe 11 Pipe Multiply Pipe Divider

DC3

-~

38 [ 1 1 Stall Point

g 18. SweRV EH1 30 O{0|3 2 O}7|HlX
(33 EA: https://github.com/chipsalliance/Cores-SweRV/blob/master/docs/RISC-V_SweRV_EH1_PRM.pdf)

J8 192 $xf ot2 3ot Z2MME Hlm st A L|CH MHz © SweRV EH1 Core 8
4.9CM/MHz (MHz & CoreMark)2 O =&L|CH. ARM Cortex A8 2Lt & HYf B2 o
7

CF
o
Cortex A15 858 57+t

M=o
O =
=o
[y

ARM

CoreMark for SweRV is 4.9 CM/MHz

o—mwhmm

Intel Xeon ARM  BOOM-4w BOOM-2w  ARM MIPS 74K ARM Rocket ARM
ES (lvy)  Cortex Cortex A9 Cortex A8 (RV64G) Cortex A5
Al15

A% 19. A E 9 MHz ' #iX| O3 H|
(33 £X : https://content.riscv.org/wp-content/uploads/2019/12/12.11-14.20a3-Bandic-
WD_SweRV_Cores_Roadmap_v4SCR.pdf)

Western Digital 2 =3t SweRV EH1 Core Complex (1 & 20 & =X)2t15l= SweRV EH1 Core O
CHet &t 2h2 M3l Ch Ol oA A St EHT Core Of CFH2 A4S FItst IZO|A

o FUHol ME 02|, StitE HHO (ICCM) 80|11 CHE StLh= H|O|H & (DCCM) 822
[ojof A LCt ol2{st H=e2l= X[ A|Zto] B2 HM|A I SECDED ECC (Bt 2F
T8 A 0|5 LF UX| 2F =¥ ZE) EoE MU 24 HEE[= 4, 8, 16, 32, 48, 64,
128, 256 LE= 512KB 2 88 & ASLICH

e I2|E| ££ ECC EZ 7|50|UE 4 @3k NE A HHO Al (24).

o Z[C{ 255 7H29| 2|7 QAHHEE X|Adt= ME4H PIC (Programmable Interrupt Controller).

o YO 7MY 27| (IFU B OpAH), HIO|H HMA (LSU B A OpAE), CiH O AN

rir 4>0
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(ClH O A OpAH) W UESHA HZE o22|of Cist 22 DMA HA A (DMA £2{0/E
ZE)E Q3 4 JHO| A|AH! H{A OIE{HO|A (64 HIE AXI4 2 T+A 7}5) EE= AHB-Lite
H ).

e RISC-V CIH{ AtEE FE5t= [ 0f Ol &X|.

SweRV EH1 Core Complex

DCCM

IFU EXU ICCM

SweRV EH1 Core — RV32IMC

I-Cache

PIC

LSU Bus IFU Bus Debug Bus
Master Master Master

LIS I—- JTAG

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

a3 20. SweRV EH1 30| HEH A
(33 £X : https://github.com/chipsalliance/Cores-SweRV/blob/master/docs/RISC-V_SweRV_EH1_PRM.pdf)

B. SweRVolfX SoC
O] RVfpga 7| X|0f AtEZ|= SoC (System on Chip)& SweRVolfX 2t St 13 21 off H | of
A2 SweRVolf H{T 0.7.3 (https://github.com/chipsalliance/Cores-SweRVolf/releases/tag/v0.7.3),
SweRV EH1 Core Complex 20| & E|RAELICE SweRV EH1 0] ZE#A (O 20 X)) Qo=
SweRVolf SoC 0l = £ E ROM, UART, A|2E ZAEE2| 8l spl AEE 27t T JAFLICH (AE
21 2 0|23t QA5 SIMO 2 HA|). SweRV EH1 Core = AXI HHAS A3 FH EHX|=
Wishbone HHAE AFE3SIEE SoC Of= AXI-Wishbone Bridge = A& LICEH

RVfpga OilAf 22|= CHE SPI AEE2] (SPI2), GPIO (H& ¥=8) ZHEED, PTC
(PWM/ELO|/7t2H) 2& S 8 At2| 7 MAHE C|AE2|0| QAHI|0|AL HEEZQ &
SweRVolf SoC & S&fL|CE 08 21 2 A|A- AEER0 Z2E 7 MOAHE C|AF0|
AEERE NSt o|2{o M F=H HX|E WMo 2 HAGL|CE O] System on Chip SweRVolfX
(X = eXtended & LIEHH)2t D SFL(CE
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SweRV EH1 Core Complex

DCCM

SweRV EH1 Core —RV32IMC I-Cache

PIC

= JTAG

AXI Interconnect ]

@ ERAM Memory
)

| AXI-Wishbone Bridge

[ Wishbone Interconnect ]

g

Boot-ROM System-Ctrl SPI1 SPI2 Timer GPIO UART

& 21. SweRVolfX (4 7H2| M2 2 FHEX|Qt 20| ZEE SweRVolf) SoC

H 6 = Wishbone &= HZS Soff 20{0] AZ& FH X[ K22 0 =25 HAFLCL

# 6. 2 SweRVolfX SoC FH FX[o| H22| 0fE F&
System Address
Boot ROM 0x80000000 - 0x80000FFF
Syatem Controller 0x80001000 - 0x8000103F
SPI1 0x80001040 - 0x8000107F
SPI2 0x80001100 - 0x8000113F
Timer 0x80001200 - 0x8000123F
GPIO 0x80001400 - 0x8000143F
UART 0x80002000 - 0x80002FFF
i ==
SweRVolfX SoC & FH FX[et S4I57] o & 7HK| TFC| St=Q0] HEEZE AFERLILH
22 U E LA HY FJMO| Verilog 2 2 & S5 HAEZE2{2 OpenCores 2| LE AA
2 o|s

HEE 2 [https://opencores.org/], HIOIERIO] IP (Intellectual Properties) 20| 7i'&S /ot
2291 HFLIE|. o] YU M ArR3H= SweRVolfX SoC 2| &% BT 0= o2 LI =l /0
OIE{ I 0| ATt ZEHE|0 Y&L|CE O] QIE{HO| A= RVfpga Labs 6-10 Ol Al AL} XHA|S|
Ayt =g AYL(Ch

.I

o= A d
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o A2H HEER: A2H HEEZ0|= SoC HTE HEE YX[AH RX|, RAM £7|3} HEY
S RISC-V 7| A EfO|0{Q} 22 UBEH QI A AR 7|50 ZRHE[0] ASL|C
https://github.com/chipsalliance/Cores-SweRVolf 0|A] A HZ2] WS &S = JASLICH
O 28 Ct&1t 20| A5 L o

T orxmg

0 Nexys A7 EEO0A AFEE = Qi 8 A7 M AHE C|AER 0|t 41517
st M ZHEE2{Ql SevSegDisplays_Controller 7} Z&tZ| O M, 0] AEZ2{0f CHdH
Z4 0x80001038 ! 0x8000103C Off D E! & 7§o| Af B K| AE{7 Eetg| Q& LICt

ZF=A 0x80001018 O] DHE =l GPIO X PTC 2| QIHZHEE M2|st7| {8 2 7H2] 1
HE gX|AHE FIHESLICE

CHSE GPIO | K| AE{ S M3t T4 0x80001010 ~

o SweRVolf 0| A X|&5t= 2t
SHAL|CH OF2fofl MYEl 2 = 2AMSH GPIO HEERE

0x80001017 Of oj=
FIti& L ot

e SPI: £ 719 @E AA Sp| AEER Y} (https://opencores.org/projects/simple spi 12|10
SPI1 1} SPI2) SweRVolfX Ol Af FHEIL|CE === 8| X|AFH (SPI_SPCR, SPI_SPSR, SPI_SPDR,
SPI_SPER, SPI_SPSS)= F2 0x80001040 It 0x8000107F (SPI1 o] ZAR) ALO|Q} F=A
0x80001100 2t 0x8000113F (SPI2 2 Z2) AtO|of| OjZ &l L|C},

e PTC: https://opencores.org/projects/ptc. https://opencores.org/projects/ptc.2| EFO|H
ZES AL I X|AE £ 0x80001200 Ol A 0x800012FF 77tX|Q] 4 HL(0
oy & &=l Lt

e GPIO: https://opencores.org/projects/gpio 2| GPIO ZHEE2{E AFETLICL 0{7|0fl&=
0x80001400 ~ 0x800014FF F=2 # (0] OjEE 32 742l 1/0 ZEZ

PESELCEH 2 T2
tristate (3-JEH) H{IEHt HZEZO Yoz A £ EHO2 14 + AF UL

e UART: 2E &2 UART ZHEE 2] (https://opencores.org/projects/uart16550 A &)=
SweRVolfX | M At&& 4= JAFLICH =F & X AHE= 32 0x80002000 1t 0x80002FFF
Arojof ofjE &L ot

ii. Memory
SweRVolfX SoC Oll= Boot ROM T 22|2F AL X7t RAM % SPI Z2HA| H22|E ZEHsH=[
Qs =Y 0f7h mete|of QUELICE,
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e Boot ROM: £E ROM 0= 1 EHA 2E 27| ZE L[ JASLICH A|IAE HEE =
SweRVolfX SoC £ F4 0x80000000 Of| A{ 0x80000FFF 77tX| X}X|St= O] FAO|A| 7|
HEHS 77| AlEfgL .

e RAM: SweRVolfX SoC = M 22| HEZEZE ZSHXA| QX2 O Z2] B (0x00000000-
OxO7FFFFFF)2| X HRY 128MiB £ 025t AXI HAE =EH2E AFERZL H 22|

HEE2{E A0 RAM T2 2|0 M AT = ASLICH

« SPI E2fAl: O] MMON YD SPI1 HEEZE AMESI0] SPI Z2iA| K22 E =&

A
T ASLICH (Fa L 0x80001040-0x8000107F).

ii. 42 dF

SweRV EH1 Core = AXlI4 HHAE AL23I0] F 0|t H 22| Ct. HA = AHB-Lite

£ |
HAZ FHE 2 UK 2 XANZ20ME s SMS ALBSHA| ASLICH BE FH FX| (1/0
ZX)= OpenCore CPU X FH FX|0M BO| AEE|= LE &4 H A2l Wishbone H 20
AZELCt O] A|AERO= ZOIE FH ZX|0 AAB7| T AXI-Wishbone E2|X| (L& 21

)7t ZBE|O] UL,

O] MMOAM = AXI4 H{AQF Wishbone H{AQ| ZHS0f CH3H Zt2FSA A EEHL|C} 0] 2{3H
Aol CHE X[ AlS 25 O #410] A= 4% o MSE &EE ABE = USL
AX14 HA

SweRV EH1 Core Complex £ 2|F2 S41517

|
& X). AXI (Advanced eXtensible Interface)= B2
g 00|32 HEEZ HA OF7|HN 2 & &3 HE AMo| YR YUL|CE

CHS SH MMM e AXI4 &= HEe| o ZH T YL2E 7H5HAH L CH O
EMOIAM HH AXI AFSS RS 4= ASL|C

https://static.docs.arm.com/ihi0022/e/IHI0022E_amba_axi_and_ace_protocol_spec.pdf

o AXIHA F2 7|5
AXI HA 7|&9| =Q 7|52 et 24Ut
CHE= 9 N X2 (low-latency) SA 250 X
T3t bridge & AMRSHR| %1 nFmp 2

=2

=
Pt 78 249 AHHO|A 27 Ated

7] AM A CH7| AJZEO] 21 H2E| HEEY
T 9 OoZ|EN 30| KNS MSE
& AHB 5! APB QIE{H| 0| A2t O KA =3t 75

Noorx Bt 0 K
ot
r
in

= HEO| FA/H0f 3 GO BHA HS
= FEEX 2 HOolH & X|# (byte strobes AHE)
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2|8 AXI4 Interconnect & AFREILICH (2! 20
TZZMHMOM AR El= 35 HAO0|H ARM
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. B E AR FEAQOZ

g Ab 40O 2 burst-based transactions & 123 L|Ct.

b
= XNHE DMA 7} 7ttt B0l 817| B 47| GIO|E IS MSSLIC

= HA oY HE0 &M T SEHE BAY 5+ ASHCL
A
pull

e AXI O}7|HX
AX| Z2EZEL 121 242 =AM QI EM™M M(transaction) X 22 Ho|ghL|Ct.

- 97| F

= 217| Hlo|H

TESN

= [O|Ef A 7|

= M| 8E
a8 22 2 7| EUMAMEO] 7] FAE AFESHD HO|H x2S o= LS EQFLCH
X FA2b MO HEZL OIAH FX|0|M MSE Cr2 =20[2 FX[7t 87| HI0[E xf'22o
HolH =z SEeLCt

Read address channel

Address
and control
—_—
Master Slave
interface interface

Read data channel

Read Read Read Read
data data data data

a7 22. 94712] xi'd of7| =K
(A3 =X : https://static.docs.arm.com/ihi0022/e/IHI0022E_amba_axi_and_ace_protocol_spec.pdf)

J8 23 £ A7 EYMMA0] AT o, M| OO & AT SE MES AHEStE EES EOE UL

&712F FAPSHA OtAE HX|E F20 MO HIES E-LICE O3 Chg OkAH X 27] H0JH
ME=2 HOo[HE 2L 20|28 FX|= SEHS 2HUCH

o
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Write address channel

Address
and control
—_—
Write data channel
Master Write Write Write Write
interface data data data data

—_—r ——> ——r —»

Write response channel

Write
response

 —

a3 23. 27]19] &2 of7|HH

Slave
interface

(A8 =X : https://static.docs.arm.com/ihi0022/e/IHI0022E_amba_axi_and_ace_protocol_spec.pdf)

AXI =2 E2 BS5E OB E4E 2Ysts & A Hof §EE LI
HO|HE BE & StLE AHE5HO DfﬁEﬂf%EﬂOIE?_mﬂ HESELIL
- 0|20 OtAEZ HIO|HE &S| ?let 8171 HIOIH xHE (A E 22).

A

- O2HOM £2|0/22 HOIHE ?‘J%ﬂﬂ%la

—

7| HIOJH Mg (3 23).

M7 ETHYMOAM S20|EE 27| SH MES AHESHN OIAHZO| HE /RS

—_—= —

UEILICEH (OE 23).

o AXI MZ
H 72 AXIHA0| AFEElE F2 2 2t 4
O] MMM Aot 571 R of| sfHSt= 5 74

« O|E0| AW Z A|Z5t= F4 ME M= A7)

« O|E0| W E A&t HIO|H MY Mz M7

« O|E0| BE A|&st= 3 ME M= E FdgtLct
. O|EO0| AR 2 A|E}St= FA K
« O|E0| R 2 A|&SH= O] H
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H7 AXI M=
(B £4H : https://static.docs.arm.com/ihi0022/e/IHI0022E_amba_axi_and_ace_protocol_spec.pdf)

Source: Input/
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 1D.
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 :}‘;:’3 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 g‘;"cd Protection
RDATA[31:0] Master Input Read data.
WLAST Master | Input Write last.
RLAST Slave Output Read last.
AWVALID Master | Output xlrl'ff address
AWREADY Slave | Outpur | Writeaddress

ready.
WVALID Master | Output Write valid.
RAVLID Slave Output Read valid.
WREADY Slave Output Write ready.
BID[3:0] Slave | Output ;’ff"e Response
RID[3:0] Slave Output Read response 1D.
BRESP[1:0] Slave Qutput Write response.
RRESP[1:0] Slave Output Read response.
BVALID Slave | Output | \vrieresponse

valid.

Wishbone bus (%A 2 H2)
SweRVolfX = Xl ZEZ IP 20| & Wishbone SoC (System-on-Chip) &= ¢Z Of7| &K
(https://opencores.org/howto/wishbone)& AtE%tL|LCt. O] I:HﬁQI F2 552 System-on-Chip

S ZHE 250l 2A MAES HTSts AYLICE O|H0|= 1P 207t HEE = HE
YH S AEoI0 S OEA ASHC Ol2ie HEE 8= 047‘01| 2t 30 E M
AZSE7| 23 AHE AL X[F glue logic & 2HS0{0F S LICE Wishbone A2 22 BHE =
AZ MAE MHEH22M 2T ALEAZE 20{E 2O a2 A ST + AFLIL

e Wishbone 8 7|5

O] Wishbone A 7|=9| 2 7|52 Ct21t 25 L L
» 02 ZEHE BO|M A8Ste RSE 24 HE-ES XI%E”—IEf.
» OS2 ZESt0] E2| AFBE|l= HIO|H ME HA T2 EFO| MA| ME
ZatetLch

i SA71/27| F7|(cycle)
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ii. BLOCK & F7|(cycle)
ii. AZl/F™/MT| F7](cycle)
= DEY OO HA Ent £|0f 64 HEQ| W|ALX} 27| E M3 LICE
BIG ENDIAN 3! LITTLE ENDIAN HIO|H &=ME 25 X| A L|C}

= XE S/ A A2AH AQK| U AKX IfEE o AZES EEo Chot
il Mz A WS XL o

= 07|10l Z 1P 207t IO H& £ E Y £ U= HE MOo|F ZEEFO
Zote|o] ASL L

- CHY 23 HOIH M&S XL

= ZHAMOIZ BE MAE BF LRE Qo Z2E XA LT

= 2F A widths 7t Z2HE LICH

= &3 0|20 st 2 & (partial) & C|ZE HAS HSELCH Ol 24 T4
C|2 Y2 80|5AISL redundant logic 2 M| At 7t A 37| = Gl
o= AF wEg X AL

= AREXEol EfAE MSELCE Ol 4, HIO|H HA s HA AO|20| EEE
HESt=0H FEYLICE ALEAL Fol Ej0& 59| Ci3at &2 YEE AlEsY| 2|dh
HAFV|E =8 I FELICL

iv. ZHA| (cache) MOf =t
» FOTHAAE A SRS OLAE/E2 0| OFF MM E ZotetLC}
= CFE X2| (multi-MASTER) 7|50| QU&LICE 0| Saff Chst SoC #40
7tsgct
= AT AFEXF Holg Q£ arbitration methodology (priority arbiter, round-robin

.I
o—l =2
arbiter )7t Z&& L|C}.

e  Wishbone O}7|ElX S M

8 24 2 Wishbone HAE &3t OAE (7| A= SweRV EH1 Core)2t =20|E
(07| M+= GPIO, SPI o 22 = HX|) 2to| E#F AZZ EEL|Ct Wishbone HHAE
AXI4 HAECH 2N ZHEHSHH 2 7 O BEAIE 4N E M E O HA AFESL CL
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(5]

e
(]
[

RST
CLK
AND A
AUk VU
DAT 1
(==
(=]
E
o
-
= DAT 0
=2 -
= WE
— "L
[=a] -
== eRT N
o \.:-l Vv
— -
= Amn
olb
ACK
nye
vIiL
AGN
TAGN

AT I()
=
-
—
oy
DAT 0f()
- =1
=
L)
[=a]
= =
oy

0 STB I -
I ACK 0

0 CYC I

0 126N I

I TAGN 0

18l 24. Wishbone OF7| &K
(A& =X : https://opencores.org/howto/wishbone)

H 8. Wishbone &

(B &KX : https://opencores.org/howto/wishbone)

Signal
Signal name  description name

CLK_O

RST_O

It coordinates all activities

for CLK_!

the internal logic within the

WISHBONE interconnect.
The INTERCON module

DAT_I()

connects the [CLK_O] output

to the [CLK_I] input on
MASTER and SLAVE

It forces all WISHBONE
interfaces to restart. All
intemal self-starting state

DAT_O()

RST_I()
TGD_I()

machines are forced into an
initial state. The INTERCON

connects the [RST_O] out|
to the [RST_I] input on
MASTER and SLAVE

put TGD_O(
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Description

All WISHBONE output signals are registered at the rising edge

of [CLK_I]. All WISHBONE input signals are stable before the rising
edqge of [CLK 1.

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

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

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

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

signal [STB_I].

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

31
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Signal Description

name

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

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

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

ERR_I The error input [ERR_I] indicates an
abnormal cycle termination

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

STB_O The strobe output [STB_O] indicates a
valid data transfer cycle

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

imagination
university programme

The acknowledge output [ACK_O], when

asserted, indicates the termination of a normal

bus cycle

CYC. The cycle input [CYC_I], when asserted,

indicates that a valid bus cycle is in progress

The pipeline stall signal [STALL_O] indicates

that the slave can not accept additional

transactions in its queue

The error output [ERR_O] indicates an abnormal

cycle termination

RTY_O The retry output [RTY_O] indicates that the
indicates that the interface is not ready to
accept or send data, and that the cycle should
be retried

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

WE_I The write enable input [WE_]] indicates whether

the current local bus cycle is a READ or

WRITE cycle

Signal name Description

ACK O

STALL O

ERR_O

C. Nexys A7 FPGA EE 3 A[E0[H0|M = E SweRVolf SoC
Extended SweRVolf SoC (A& 21)& (1) 32 RVfpgaNexys 2t 115t= Nexys A7 (EE= Nexys4
DDR) FPGA EE0A M3SHAHLE (2) A|E220]|M (RVfpgaSim 0|21l EhHo|A| M3let = AL L|CE,

i. RVfpgaNexys

RVfpgaNexys £ Digilent Nexys A7 FPGA 2E& {4
25). RVfpgaNexys £ SweRVolf & 7|8t 2 StCH= &
(https://qgithub.com/chipsalliance/Cores-SweRVolf) 2t

Z 3t= SweRVolfX SoC iL|Ct (A&
M 2l5tH SweRVolf Nexys
|

UBtL|C} RVfpgaNexys Ol A AF23HE

o
Ao
SE=)
o=
=
o

9 Q4= 08 250 Lot A& L CE
e FPGAO| TZIPfUE S=¢|0:

> SweRVolfX SoC (A& 21)
> Lite DRAM Z1EE®
> 2

=73

?/o 50MHz 2 ZAF L
>

23 M47|: Nexys A7 2E0{ = Lite DRAM HEEZ{ 0| A AFE35H= THY 100MHz
d WXI7| 7L ZEE|of Q& L|Ct 0] 229| FIlf= SweRVolfX SoC 0| A AHR3}7|

Clock Domain Crossing Z&: 2 72| 25 =02 HZ&: SweRVolfX SoC 3 Lite DRAM.

> JTAG O Cigt BSCAN 2%: 0] 250] Lot XiMst HE=
https://github.com/chipsalliance/Cores-SweRVolf/issues/29 A &2 = A& L|CH

[ ]

>

> UsSB ¢

> SPI E2fA| K2

> SPI 7[5 EH

> 16 7H2| LED % 16 7H2| 29X
> 8 xXte| 7 MIAHE ClAE 0|
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Nexys A7 (5= Nexys4 DDR) FPGA 2 E2| RVfpga Ol M AFR L= M2 2|/FH FA|:
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| 100 MHz
Clock | |

Generator |

[ 50 MHz

Y

SweRVolfX SoC o |
[~ [ e | bscan TAP

‘SweRV EH1 Core - RVIZIMG.

.
=1 - P «—> CDC

?TTW f

AXI Interconnect ] = 4
@ T RAM Memory Lite DRAM
( AXI-Wishbone Bridge | controller —

[ Wishbone Interconnect ]

[ Boot-RoM || system-ctrl | [ spit || sPi2 | [ Timer || GPio ][ uarT I-...%; m\
-

O
—

f
13 25. RVfpgaNexys

Nexys A7 25 (A8 26)= T7| & AFH AXLOZ AH2ZH| A== ZAE EEYLCH
O] EEO| 7tA2 $265 ULICh (E= 18 7HHCZ §$198.75 L& 714 - edu O[O
FA 2 Digilent A°20i| 7+). Digilent =
https://reference.digilentinc.com/_media/reference/programmable-logic/nexys-a7/nexys-
a7_rm.pdf Ol A Nexys A7 2E0| ZHQ|SH &x Of LS NITLICH 0] EE& 5v BQHY|
(2ot B MI3EX &S) £ EEO microUSB HYUEE Sdf PCOM HAS 3ZHS
A& LICE Microchip PIC24 OI0|2 2 HEE2{= FPGA Of Cist 22 TZHAE PJE|3F01 o
HEE ALK XA 0l Mo 2 BhEL| L O] EE+& Xilinx 2| Vivado Design Suite ==
OpenOCD £ AME5I0| Z2aejye 4= ASL|C k= 92 FAT32 FA 2| MicroSD 7HE,
FAT32 2 A]2| USB pendrive, L1 S2fA| M2 2| EE= JTAG QEEHO[AQ| I 7HX| 24 F
SILEE AFBSHO] FPGA 2 CHREET 4= US| CH
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25

?)
0

A
o
Vigo

L EEEELD

13 26. Digilent 2| Nexys A7 FPGA EE
(38 =X https://reference.digilentinc.com/)

Nexys A7-100T FPGA EE0|= Ct3 QEHHO|A R &X|7F Z=ete|0 UE LT
e 128MiB DDR RAM
e 128 Mibit SPI S2§A| H 22|
o 8 XAt 7 MOAHE C|AE0|
o 16 7h2| A%[X|
e 16 7H2| LED
e 0O}0|3, RQC|Q X VGA 25 ZE, USB SAE ZE RGB-LED, 12C & M A, SPI
JIETAHE matsh MA 9 4l E.
e Xilinx Artix-7 FPGA: Ct21t Z2 7|50| JA&LICt.
> 4709 6 &3 LUT 2t 8712 EE &2l 15850 2% £2(0|A
4.860 Kibits 2| & 55 RAM
6 7Hel AlA 22| EtY (CMT)
170 1/0 El
450MHz L& 2§ Fht

YV V VYV V

ii. RVfpgaSim
SweRVolfX SoC (A& 21)& Al=Z2 0|2 7Is5tASH= Verilog BHHE Zate =& USLICH
RVfpgaSim 2 HDL Al =200 M AtE3St7| 2lo HIAE HIX|0f 2fE & SweRVolfX
SoC YLIC} RVfpgaSim 2 SweRVolf £ 7Bt 25ICt= S X 2I5HH SweRVolf sim
(https://github.com/chipsalliance/Cores-SweRVolf) 1t & 2 gtL|C}.

2 2EF &2 HDL AlE20|H 7t ZX5HX| 2t Verilator
(https://www.veripool.org/wiki/verilator)& AFE22tL|CH O] 7t 2= HDL A|lZ280|HE= -
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7t&3t Verilog & SystemVerilog £ &35t 71 W-E Verilog/SystemVerilog
AlZ80olH et FFetLCh A2 LY 3 StA M g2 Ar&ELICE ARM R RISC-V S&

Ikl 1P Ol 7| & K|
QtLH L LY,

o

2 ML a2/ 242 Chips Alliance 2t Linux Foundation Off A

D. ot =
O] MMO|A| 22| SweRV EH1 Core Complex (12 20)0{ Al SweRVolfX SoC (& 21),
OFX| 2t 2 RVfpgaNexys (12 25) 5! RVfpgaSim Of O|27|7}X|, 0|2{$t X2 0f A=
AAES Mol 2 Fd28 2o FASL|CH

T g

i. SweRV EH1 30| HAEHA
13 27 2 SweRV EH1 Core Complex 2| It &
FQ 2202 JPMEL|CE SweRV EH1 20{ (5o
(o|_|E‘|_"r'=1§ AEER = O &K 5 S)E L3St

"

HOlE/BE0 H=2e2| 5 T WA (LML= Z= BAF).
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SweRV EH1 Core Complex
(swerv_wrapper_dmi.sv)

SweRVY EH1 Core

o,
mem.sv
lib dbg/dbg.sv
ifu/
pic/ dma/ ifu_ic_me

pic_ctrl.sv || dma_ctrl.sv m.sv

SWerv.sv

12 27. SweRV EH1 30| ZE=A

SweRV EH1 Core Complex 2| Verilog Tt 22 CtE EHO0AM AL 5= JASLICL
[RVfpgaPath] /RVEfpga/src/SweRVolfSoC/SweRVEhlCoreComplex
O M40l A AZSH TUS BB PC UM ST CIHERS HOMAL,

SweRV EH1 Core Complex ©| A|At9| IS CrS THU0| QUL LICH swerv wrapper.sy;
A A9 BEL2 swerv_wrapper 2t 151, 112 27 0| A $|A8T} W7t o2 AR AR £

i 7t
=50 iFst= & Z== oM E 0| 8sto] 2L

¢ mem (mem.sv LHEO| 3 E): O] Z&2 DCCM (Isu_dcecm_mem, /su/lsu_dccm_mem.sv
oo 713 =), ICCM (ifu_iccm_mem, ifu/ifu_iccm_mem.sy Tt 0| 7131 &), HEHO| FHA|

(ifu_ic_mem, ifu/ifu_ic. mem.sv Tt 0| 7 &) + 2 {Iet &2 0K E O|E5}0
AgetLCt,

o swerv (swerv.sy L0 e &): 0| RE2 RN E 935t XIS OHE 0[85I0]

2yt
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®

X BAE)E CFS 4 719 BX[=

T3 ELc

o

=0 ifu (Instruction Fetch Unit): O] Z2E0f|l&= Icache (& 7HAl), Fetch, Branch
Predictor 3! Aligner 0| CH$t Verilog TH O] (ifu.sv LHOIA ALE 7hsoh |49 2&)
EBHE L O

Folder dec (Decode Unit): O] & 0f= Instruction Decoding, Dependency

He/=2 B0

O
Scoreboard X Register File Of L3 Verilog Tt 0| (dec.sv LHOIA AHE Tt Tt
g%l 28) ZetE Lo

o 20 exu (Execution Unit): O] Z2E 0= ZO0A AtEE
CHst Verilog T2 0| (exu.sv LHOIAl AHE Z7HsTH XA

o E0 Isu (M% EX|EE) O] EH0|= 0| Z 22 E/MF

=]
)
o
/m:
C
%)
<
i
=)
>
>
ofo
N
olr
o
ﬁ
>
40
o
N
Hl
oot
m
k)
%0
i)
i
Iul

o = ClH 9| Verilog Tt (dbg.sv LI A
AHE Tt 249 28)0| ZREO JELLCEH O] EME LHHA| A0 E Cf7|
Rz 43510 PH/FAE WSS MT|E ASEL T Ho|EHE 911 HIOHE
A2 Ch2 DO E CHA| A|Zf510] 4 REE THSHYAIR.

o E0 lib: 0| 20 = AXI 5 AHB-Lite {2 8 Verilog TH0| X3t RAESLICH

o HEE& pic 2& picctrl - 0| 22 Z& pic_ctrl O Y= ZE2HE AHEE
HEEZE FAYLICL

o Z0 dma: 0] ZE0= dma_ctrl ZE0AM 2 H 22| BMAE 2SI

dma_ctrl.sv It A O| Zote|0f LT

ii. SweRVolfX SoC

12l 28 € SweRVolfX SoC | Il LXE

=50 sigst=s 222 &L
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SweRVolfX SoC
(swervolf_core.v)

SweRVEh1CoreComplex/
swerv_wrapper_dmi.sv

l

Interconnect/
Axilnterconnect/ axi intercon
axi_intercon.sv

swerv_wrapper_dmi

Interconnect/ )
AxiToWhb/ axi2wb
axi2wb.v
- wb intercon
Interconnect/ -

Wishbonelnterconnect/
wb_intercon.v

2

Peripherals/ Peripherals/ Peripherals/ Peripherals/

L 2

Peripherals/
SystemController BEE uart spi gpio ptc
swervolf_syscon wb_mem_wrapper uart_top simple_spi gpio_top ptc_top

112l 28. SweRVolfX SoC

SweRVolfX SoC 2| 2 Lt X[ AELCH
[RVfpgaPath] /RVfpga/src/SweRVolfSoC
Of MM0|M Exdte= TS E2{® PCOIM 3 CIHMERE RN

SweRVolfX SoC 2| A2 RE2
[RVfpgaPath]/RVfpga/src/SweRVolfSoC/swervolf_core.v 0|l Ar2%H 4= A& L|Ct s S
ot Yg F1 SweRVolfX SoC (A& 21)0f ZatE 2E0| ZEE[0f JU=X| ZelgtL|Ch

e axi_intercon (/nterconnect/Axilnterconnect/axi_intercon.v |\ At 7ts): Ol 2E2 100
ol CtE mg Sl ZHELICH ("include "axi intercon.vh"). SweRV EH1
Core Complex & AXI-to-Wishbone Bridge 2t ¢1Z2fL|Ct,

e axi2wb (/nterconnect/AxiToWb/axi2wb.v X At& 7+s): swervolf corev 2| 2121 153 Of| A
QIAEATHOA)EE O] ZE2 AXI 7|8t EH1 Core 2 Wishbone 7|8t 8 ZHX| 79|
S4l2 5183h= AXI-to-Wishbone E2|X| IL|C}.

e whb_intercon (/nterconnect/Wishbonelnterconnect/wb_intercon.v | A& 7ts): 0| &2

145 do| CtE mUZ S ZLELICH ("include "wb intercon.vh"). L3S0
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=

|-_|

29 e

H

HAME Sl AXI-to-Wishbone Bridge & CH2 F#7|7|2}

iy Ji

ot

ot
b

re Hr

=

ct.

b_mem_wrapper (BootROM/wb_mem_wrapper.v 0A A& 7ts): 0N 2T R E
M2zl BiH= swervolf corev 2| 197 YoM QIAEADLELICE 7|2 RAM 259!
dpram64 2& (Peripherals/BootROM/dpramé4.v oA AtE 7ts)S QAAEHAD L O

e swervolf_syscon (Perjpherals/SystemController/swervolf syscon. LHO|IX  At&  7ts):
swervolf core.v 2| 215 WO M QIAEADIE|= O ZE2 A|AH AEEHE Fo|gL(Ct

e simple_spi: OpenCore 0| A &2 SPI HEE = Peripherals/spi/simple_spi top.v Ol X A&t
2= UELICH swervolf_core.v 2| 246 (spi1) X 387 (spi2) SO QAAEHATLEL|CE

e uart_top: OpenCore 0| ¥ UART ZAEEZ| = Perjpherals/uart/uart top.v | A AHEEH 4=
UESLICL swervolf corev 2| 272 SO|M QUAEHASHEL|CE

e gpio_top: OpenCore 0| M ¥-2 GPIO HHEZE2{= Perjpherals/gpio/gpio_top.v Ol A AtE&Z %=
UELICL swervolf core.v 2| 338 HOM QAAAHADHEL|CE

e ptc_top: OpenCore 0| Al 2 PTC HEEB{O0|H Peripherals/ptc/ptc_top.v M AFEE =
UAELICE swervolf_corev 2| 361 Ol QAAFHADIEL|CE

o swerv_wrapper_dmi (SweRVEhTCoreComplex/swerv wrapper_dmiv A AHE 7ts): O™
MMO|A (38l 27) B HSH Western Digital 2| SweRV EH1 Core Complex 1A E AT}

(swervolf core.v 2| 407 &).

2HE 49 5 AlZ 0[S It 2l

Al=20]H:

RVfpgaSim 2 HDL A|Z2|0|E 0| A ALE5t= HAE HIX|0|A SweRVolfX SoC & (1
i Zste AlE20| M CHA QU LICE /RVIpgaPathj/RVfoga/src/rvfogasim.v Ol M AtEE 4=
OI¢|_| |:|..

=l

2l 21)

25 Hd.

RVfpgaNexys (/RVipgaPathl/RVioga/src/rvioganexys.v Ol X AHE 7+S) SweRVolfX

SoC S(12 21) Nexys A7 FPGA EE 5! FH ZX|E o2 2st= 2o AZLch (A
5.0/ ZE2 CHE 25 (28 d47] 2F, cdk_gen_nexys, 23 = Ql WX} 2 &, axi_cdc_intf

= JTAG ZE 8 BSCAN &, bscan_tap)lt &7 & 7HX| F£8 SoC A2 E QAAEHADSL|CE

e swervolf core: O|™ &} 2| Al M0jA S SweRVolfX SoC O| QIAEAZIL|CH (OE 28).
EESH SoC oF HE 79| AZAE FO|St= rvipganexys.xdc ([RVipgaPathl/RVioga/src/0l M
A8 7ts)Ehs MF = mHo| HeagtLot

e litedram_top: SweRVolfX SoC 2 DDR2 j22|E HZSt

[RVfogaPathj/RVioga/src/LiteDRAM/litedram_top.v Tt L0 73 E|= LiteDRAM DDR2
AEEY & A YL|Ct Eot 22| HES2Q 225 DDR2 H|22| ko] HAS

HJIO r>-
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Olste Jitedram.xdc ([RVfogaPathl/RVioga/src/LiteDRAM LHOI M AHE 7tHs)2te X2t
A ool Eagt ot

—

ooz

209F8tH, 12 29 2 Nexys A7 FPGA EE0|M FH| RvfpgaNexys 78| #Z Lx2
HojE U

Imagination University Programme — RVfpga Getting Started Guide
Version 1 — 8th June 2021
© Copyright Imagination Technologies 40



bscan_tap |,
e —

rvfpga.xdc

litedram.xdc

i

N

Al

‘ clk_gen_nexys |¢—’

N
14

h 4

rvfpganexys ————f itearam_top |

'

A 4

h 4

h 4

swervolf_core

25 3 3 3

|

— T : wb_mem . h — = ¥ *
[ wb_intercon | [axi_intercon | [ axi2wb | ADRET swerv_wrapper_dmi| [ uart_top |[ simple_spi | [ swervolf_syscon | [ gpio_top | [ ptc_top |
-~ '
_.{ mem | y swerv |
Isu_c;ccm ifu_ic_ ifu_fccm_ J H b < < 3 3 i
_mem mem mem [ifu | [dec] [exu] [Isu] [dbg] [ lib | [ pic_ctrl | [dma_ctrl]
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5, ATDEQ0] £ MX|

otz X|%2 Ubuntu 18.04 OS 80|X|2t CIZ Linux Y MA 2 Windows EE+= macOS = S At
(5| SLSIR|= U2 42 CHAE WELICH Z20 Kat CH2 oS of tist £ XA 0] U=
HAHENE Y YUTLICE Ubuntu & AFESIE 42 oilE 4XHRH)E ZAIY = JE UL

XNE2 g =78 4X5t= $HE 2o EL T

A. Vivado: System on Chip 2 X &d3st= O 2RgLICE O|A2 7|2 SoC Of CHE
7|50| ZBE|E= Labs 6-10 O|A] T2 3 2 L|CH,

B. VSCode (H|F¥Y AKL|2 Code) and PlatformlO: 0| 52 GSG 2 A A0 A
ANE8EE FQ TTAULICH FPGA S T2 Ut T2 1AW S M3/ US= O
A+ E Lt

C. Verilator and GTKWave: SoC E A|=2f 0|45t CtYs Mo E 245= O
LTt ChA| SHX|TH A& 6-10 0|A] =2 ol2{st =7 E A

0o
oot
i
n

O GSG 2f HOo|M g THF-22| 2 0j| i VSCode H PlatformlO & HX|5tH HE2LCH
JdejLt B0 O oA dX[& eIt Q== CF2 =3 (Vivado, Verilator 3 GTKWave)= A X|st=
20| ZH LT}

ol RN AL H AIZH(E

—

= L2225 £=0f mat 1 0[4)o| 2 =+ AKX R AlZt2
ZZOWO| CHREERD EX &= S¢

Ch7lot= ol 22 L.

A. Vivado %]

Vivado = RISC-V FPGA & Verilog ZESE D, $H38t1, SA18H7| QI3 Xilink =T LT LIE0
HE0M SHLASHA A+EZ AYLICH X X[H2
https://reference.digilentinc.com/vivado/installing-vivado/start 0f A{ =tQIgt o= QU Of2f o
2950 &Lt

_n_

Windows: 9/0|A ¢12 ot & M O|X| (https://reference.digilentinc.com/vivado/installing-
vivado/start)0ll= Windows Of Vivado & A X|8t= XtM|st K| A= ZEL|0| AESLCH Windows Ol
S8 X|H0| Rt 4% otzfol| 4AE AL

macOS: Vivado & macOS 0| A X[ J K| A& LICE [M2tA O OS 0| M Vivado & Ml H
Linux/Windows 7t& H{AI0| ZQotL|Ct,

1. https://reference.digilentinc.com/vivado/installing-vivado/start £ 0| &g} L|LC}.

2. Xilinx CH2 2 E H|0|X| 2 0| ST L|LCt: https://www.xilinx.com/support/download.html
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3.7 =2 E 2X =28 S 2XI5tks A0l FESHCL 0] EME Hde A HURRE

=

m|o|X|e| CtZ A0 AELICE Xilinx Unified Installer 2019.2: Linux Self Extracting Web Installer

WINDOWS: 0| 2ME ZtdE Al Windows & "AHA| =& & &X| T2 "2 R ZE H[0]X| 2
Ct= 230 }ELICE Xilinx Unified Installer 2019.2: Windows Self Extracting Web Installer

4. 2X 22" E 22557 Hof Xilink AZ0 2205t2t= HAIX|7F 2A|E LI C. OF%
Aol gl= B2 A8S TS0{0fF LTt

5.HO|H2| IS AASL|CH HO|dS €10 FEE TELCH ("sudo su"Y ).
(Xilinx_Unified_2019.2_1106_2127_Lin64.bin)S EO|E2Z =ajastL|Ct ot

12 g Htoji2]
g S MY
QRS D ASSiats BAIX| 7} LIERLED Shole MedetL|ct

2 IHSOH

o X SHF: E{D| 20 O] ARE[QUCID HA|Z|H B0 20| THES LHZ LT
(HFO[L2| oyt St CIMEE(0f AUS):

> sudo chmod +x ./Xilinx Unified 2019.2 1106 2127 Lin64.bin

>sudo ./Xilinx Unified 2019.2 1106 2127 Lin64.bin

WINDOWS: Windows O|AM= 3 THAHQF 4 CHA M CREZEDE exe IHY 2 T H S 2510 LS|

My & UL

6. Vivado €A Z2 0| AX| 22 QL LICH 52 At
e AXE MESRZ Vivado (Vitis OFE)S MEHSHL| T}
e Vivado HL Webpack (Vivado HL System Edition Ot )& ME4SFL|Ct Webpack =

FRYLC
o X HoH 7|24US WEBHOrL T

Hint: Vivado 2| 2X| C|MHZ|E Blgct 32 L5 AN B2E HESHA +8oliof gfLILY.

WINDOWS: Windows 0| A= 7 EtA|2F 8 THA| 7} HRSHK| & LICE O] & THAE FA[SHL 9
CHAZ HIZ 0|8E & UAELICH

7. Vivado & HX|ot £ 2td S AFooreLit. HO| 22 S a2 YEHSHAIL.
source /tools/Xilinx/VivadoZOl9.2/settlngs64.sh

Ct& &2 (source /tools/Xilinx/Vivado2019.2/settings64.sh), AREALQ
~/.bashrc TtY0f| =7t5t0 HO|EZ A|2Fet W{OICH MM T =5 S LT},

8. E0[20] ttZS Y =H5t0 Vivado & HIAERL|CH
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vivado
=8 s &:
o AAHIOAM BT M3 OtUAS A2 5 Sl 4 Z20| L3S FItsofet Lk

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

"o Q
L4 S o

[l

2O & 7|5 Huf. et 22 2RI ZYSHH BOI20 TS YHY UL

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

9. Nexys A7 FPGA EE & 70|2 E2I0|HE =522 HX|s{oFerL|Ct HO'd Hof 22
YAl 2:
cd

/tools/Xilinx/Vivado/2019.2/data/xicom/cable drivers/1in64/ins
tall script/install drivers/

sudo ./install drivers

WINDOWS: Windows Of Vivado & & X|5t™ PlatformlO 2F @S| X| 2= Nexys A7 EE&
EZI0|H 7} Rts2 = AX|E L Tt 2t Windows E AH&Ste= ?%—?— EBO dEE 2
EZI0|HE YUHIO|Es|OF BFL|Ct Vivado HX|A| E2I0|HE HOf Moo 2 wE A|X 710|=

MMM OO YOIO|E Y2t 0| 2 S +=&s{of LTt

L HE=

10. EE9! Digilent EE MY S S22 HX[s{Of LT
e Github & 20N vivado EEO9| archive & CH2ZE3tD Y52 FL Ch
e OFFIO|EO|M FEot Z2EHE Y1 newsboard. files C|HEE|2 0| S¢tL|CH O| C|HEZ| LYo
BE EHE MESID EAGHYAIR,
e Vivado 7} AX|El BEHE FLICt (Z|EECZ /rools/Xilinx/Vivado). O|
<version>/data/boards/board files C|HE2|2 0|53t Ct2 EE It
=0 &L

e new/board files CIHEE|2 O|5510] CH22 YEHSIH HOE2S A EE 5= S LT

AN

=0 o2 M
= 0| LI E2(o

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

WINDOWS: 10 THA|0ff 2FE 2 Ch22E o 2HE SA/20] E7[2 LT Windows 0| A

CHXilinxW\Vivadow2019.2#datawboardswboard. files Ol Al Vivado 2| board_files Z2CE &2
ol&L|C}
A H .
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B. VSCode % PlatformlO %]

O VSCode ™ PlatformlO & &X|gtL|Ct. WE A%} 710 = - 444 1 0f|M o]0 o] ZtHS At
BR 070 Z2HAE CHA| TS5 2Q7} gloH MM C 2 HIZ 0|FE 5 ASLICL

ﬂJlHJ

PlatformlO = Microsoft 2| Visual Studio (VS) 2 79t 2 RE UAHCIE A|A-E
2td (IDE)YLICE Ol & &3l C == O E2[E AMESHY RISC-V ZE MM (FPGA Of A=)

T2 Y 5 AFLICE PlatformlO = 224 SHF0|0 WE CHAE ZeL(Ch

VSCode 2t PlatformlO & 25 M X|s2{® CHS THA E MEMA|L:

LINUX command-line: VSCode + PlatformlO £ AF26t= 40| A L= HHOIX|2 &2 A =
Linux Ol A 7|2 RISC-V =7 Xl & OpenOCD & &% X AMESL PlatformlO CHAl AFESHE =
DE AERXE QI3 X|E S MBELICE PlatformlO & A23I2{H B2 A & ZA|SHAMAIR

1. VSCode A X|:
CHS CHA O] W2t VSCode & M X|SHAIA|L:
a. Ct2 30N deb IYS CIREESIMA|L:

https://code.visualstudio.com/Download

b. HO|EgS g1 HO|E0| Ct22 225 VSCode & XSt MLt
cd ~/Downloads
sudo dpkg -i code*.deb
code

Windows/macOS: VSCode I 7| X| = https://code.visualstudio.com/Download %A Windows (.exe
ot el) H macOs (zip Ite) 822= HIELU L olg{et 2 MAHWAM & Z21:Z K|St
HSt= O AFEE[= YEHE QI THAE MEMA 2.

— —

2. VSCode %{0]| PlatformlO & X|:
PlatformlO & X5t L5 THAE ME4A|L.
a. HO/go| Ch38 Y330 python3 FEEIEIE AX|gtL Ct,
sudo apt install -y python3-distutils python3-venv

Windows/macOS: Windows 0| A|=0]| ttAl 2.a)7t 235K & L|CH macOS 2| 2%
homebrew & ALESIY] python3 & EAIe = JAELCE brew install python3

b. Ot% E2|X| 2 8%, A% HES WEiotL M M w70 "VSCode"E &3}
H

VSCode £ A% CHE VSCode & MEISIALY, HO|E0| 2 =5 YHLLIC
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. VSCode OilA] VSCode 2| 21Z0] !

]
12 30. VSCode 2| &% ofo|2

d. A LXO| Platform/OE AUZHSIL Fofl AU

/IDEE EXLCH (O 31 &=xX).

rir
nx
>t
o
rim
o

platformio

PlatformlO IDE
Prof nal development environ,..
PlatFormlO Install

loT Utlllty

Aceinna 0
Aceinna
PlatformlO

2! 31. PlatformlO IDE 2%

=)
=

e. SIthol OUTPUT &2 M
“Reload Now St

epending on yc
do not
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£ 25} PlatformlO

x| HHS ASLCH ABEH QEZ ShCt >go1|A1
™ PlatformlO 7 VSCode L0 &X|E L|Ct (33 32 &X).

Platform|O Installation

Reload Now

46
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3% 32. PlatformlO &X| & X|g CIARE

C. Ubuntu 18.04 0| Verilator Y GTKWave A %]

O Mol X|&-E Linux A|AE0|2H G2 oHL|Ct,

—

Windows: O] 4 40| HSE XY il £ 5

@)

£ AFESHYAIR.

O
i
-
ok

macOs: O] 4 Mol MBE K& f4l £2 DS AZSHIAIL.

ChS SHAO 2 Ubuntu 18.04 Linux A|ABI0f| Verilator (X[ &2
https://www.veripool.org/projects/verilator/wiki/Installing Ol A| 2QIgt 4= JAX| Tk Of2off K|
UZ) A GTkWave & X[ LLt O ZZM A= A[ZHO| 22 ZE L CH

» sudo apt-get install git make autoconf g++ flex bison 1libfl2 1libfl-
dev

sudo make install

» 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 (= make -3$ (nproc)E ALESIO O HEH TS 5= USLICEH)
>

>

rs
oY

export PATH=S$PATH:/usr/local/bin (AAEICQ ZE2

Jusr/local/bin g AR GFRHOZE FII5I2{H ~/bashrc IO OFX|2 S FIISHA AL,

6. RVfpgaNexys & Sl ==Y

o

M0 M= RVfpgaNexys OlAf 7 72| ZHEtol =2 QS HlSt= S HOFLICH (A 25

|
"_7E)

ba

O

LINUX / Windows / macOS: O] MMof| dFE B = XA2 MMHE 50| 8= 2 2= L=
S ot EBLO|HMIF SHIEA AX|E|QCtD 7Pd W Ml 7HX] 2 F MK[of| A &HS8OoF 2t L|Cf.
220 Effﬂr Linux Ol Al AFR E|= &2 A| EE= Windows 0| A AFE|= B SEA|QF ZH2 AtASE
NE SEE Fg8ote == J}SLICH
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B0 LIEE 7 i OA =22 S ZA5ts S HE0F22M RVfpgaNexys & A&ot=
HYS BOFLICE MZ M Z2OH2 RISC-V Ol S2| A2 ZEE[ OrX|T 4 74 =2 H2
C=z Adgurt 4 z2als Jddst= L8 RvfpgaNexys = Otefol| 2 HE|0f QS LICE

H 9. RVfpgaNexys Of|H| Z=2 134

Program Name H Description Language ‘
AL_Operations A= B =2 Hi HE | RISC-V assembly
Blinky Nexys A7 EE9| RISC-V assembly
LED € A= LT
LedsSwitches Nexys A7 EE0f A RISC-V assembly
29K wE AR Y
242 LED Off &LiCh
LedsSwitches_C-Lang Nexys A7 EE0f X C

A9%| 32 93 oig
%A= LED Of & LICH.

HelloWorld_C-Lang XNHE ZTEE E¢Y C
shell Off &2 HIAIX|S

VectorSorting_C-Lang HE S

\J
-

el

DotProduct_C-Lang

ok Hn | oX

~

mo _E
m

1o

o =
ikl

>

\

o

(@)

O 7 7kX| O X & SILIE HASH7| HOj| Ch2 MMo| M HAHSH= AKX H RVfpgaNexys = FPGA £
Tz 2 YsHOF gL T

A. RVfpgaNexys £ FPGA =22
O] M MO ME PlatformlO & At&3%t= RVfpgaNexys 2 FPGA E Z2 12|

Us HYE
WS Y LICE RVfpgaNexys 2 FPGA & T2 12Ut M Ot EHAE T

MAIR.

rir

PE1
=

(FPGA 22 Y0 Vivado & AHEdt= O 40| A= E% o2l X & Cjilo] 7to|Eo| &5 E 0
HsE AdE ME = ASHCH 2L o 7|0 dHE L2 Linux X Windows A2 (macOS
ObEhOIM B ZHs L) — 2|2 MEPH O 2 Vivado & AFE IO RVfpgaNexys S FPGA Of
CHREESH= W2 AYEX| S LCH Ao otzf X[HS MED 25 & FAStH= A0
Z&LCt)

a. Nexys A7 HEE ZAFHO| gAgL|Ct
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-1 O

I Ay QUX| %2 AL VSCode U PlatformlO & EL C}.

d. &G OH4&F BEAl E0|A File — Open Folder (13 33 &X)E 285l
[RVifogaPathj/RVfoga/examples/ I E2| 2 0|5 TtL|C,

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

Open File... cerl+o

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

‘Open Workspace...

Open Recent

Add Folder to Workspace...
save Workspace As...

Save As... Ctrl+shift+s

Auto save
Preferences

Close Editor cerlaw 7v|
Close Window ctrlsw
Exit cerl+Q

1% 33. Z¢ 47]

e. AM&¥ PlatformlO ZEMEE MEHSIHA|R O] MMO|M= O|E S0 98 0| AFE
N HW o2l AL Operations & ALE R LICE O] Of= CtS MM0j|M ClHZE A L|Ct.
2Lt COHE oM e STt BHAE e = JAS LT et AL Operations
ClHE|E MEdStn (ZX| T MERSHY|BF SEHEL|CH O3 34 &x) & A HHolA

OK & Z&/gL|Ct PlatformlO

Cancel Open Folder

@  Recent 4 {Ydchaver | RVfpga | examples (]

fr  Home Name Size Modified
Downloads = Blinky Yesterday

& DotProduct_C-Lang Yesterday

VM_sharedFolder & Helloworld Yesterday

RVFpga & Helloworld_C-Lang Yesterday
i LedsSwitches Yesterday
& LedsSwitches_C-Lang Yesterday
I vectorsorting_C-Lang Yesterday
sl

RVFfpgalLabs

Other Locations

13 34. AL_Operations 24 &7|

f. 2F MO|E BN platformio.ini € E2|t0 platformio.ini TH¥ 2 ©
&x) ChS E2 HAESIH A|AHO|A RVfpgaNexys HE AER Z2& MPEL|C
(& 35 EX). RvfpgaNexys o AFM St HIE 2E-2
[RVipgaPath]/RVioga/src/rvoganexys.bit 2| RVipga 20| X3 & LIC}

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

& platformio.ini X g F

D R

~ OPEN EDITORS

AL_Operations.5
._OPERATIONS

= 115200

= /home/

2| 20| A PlatformlO 0f0|-f-.% FELCH(E 36 FX).

P

12 36. PlatformlO O}0| 2

Sl si0] T2 E oS Aj2 DAof

of Y= FP (17 37) BXE 27
EEI o

L5 LIC.
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File Edit Selection View Go Run Terminal Help
PLATFORMIO P PIO Home X
PROJECT TASKS
L 4
Welcome to

Quick Access

o
QUICK ACCESS ‘E@

W PlatformlO

Recent Projects

13! 37. H|0{Q!= PROJECT TASKS % - Mj2 1%

3 CHS Project Tasks — env : swervolf_nexys — Platform & £t&3t10 Upload Bitstream &
ZeeLct (A8 37 #X). 1 ~ 2 X F0| FPGA = RVfpgaNexys 2 Z2121 ElL|C}

P )

13 38. Upload Bitstream

l2Hez Z2MME F£ 0x80000000 OlA FE 7tH 27|& AIAELICE 67| £E ROM 2
SoC 0| AELICH (E 6 T X). Boot ROM 2 LED 2t 7-Segment CIAZZ0|E 4 H ZEQICHZ 2
LED £ 111 8 72| 7-Segment C|AZE2|0[0] 0 & AW Bl R & {X|5t= Z20H
(boot_main.mem)2 2 X7|$}ElL|Ct O] T2

[RVfogaPathj/RVioga/src/SweRVolfSoC/BootROM/sw ZL 0| A &S &= UELICE.
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Nexys A7 2E (A& 26)2| CPU M&F HES +28 0| Z20HO| CiA| HHE LT,

.

o
s

e U=

—_

AMAIQ

5 of T Al5HY
Cha3| boot_main.vh Tt EAHEQIL|CY), *e'ﬁ 10|M= HE AEZIS

=3 =1

= o

(boot_main.mem o2
Mdg nf o] Z2 12 AMESH0 Boot ROM

[==]

I
o
HL
_9
Y

-

Ct.

h. O[F Bt (g BAN2l tHete 2 T8 39 3t Z0| PlatformlO B 0|2 E0j|A
RVfpgaNexys & CHRE2EZ 5= USLICE M HO[E2E Z2{H PlatformlO & SHEHO U

rir

HE (PlatformlO: Af HO|E HE)2 S2/gtLICt &2 223t L+ PlatformlO
HO20| Ct2 382 23 (5= SAh

=

o
I
o

plo run -t program fpga

main:

t3,

REPEAT:
, REPEAT

TERMINAL 1: PlatformlO CLI

olf_n

isper) External ( , olimex- olimex-arm-usb-tiny-h, ol. tag-tiny)

QUICK ACCESS

bit
3-17:03)

JE' 39. PlatformlO & A}2310| Nexys A7 FPGA E E0| RvVfpgaNexys &

Ol X7} PlatformlO O|A K-S L2|P Chips Alliance 28iZ0| At 2 AX|ELICH (E 40 2 20|
PIO B0IM & &= US). O] EHE 0= 0|2 YE = RISC-V =7 EZ, RISC-V & OpenOCD,
RVfpgaNexys H|E I} ! RVfpgaSim, JavaScript 3 Python A3 EE, 0{2] O X2t 20| L+E 0
A8 ofg| =77 ZetE|0f AE LT
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& PIOHome X
@i O

E Installed

© Projec d on a specific version of development platform or \

Filter platforms

T Uninstall

Platiorms

A

O{ O|RE £ Chips Alliance 23 &
X = AL (ZeHe=z0| &

_L
i
Eon
1z
rx
o
i
X
Ip
mot
>
30
o>
r
finl

- AFH MO|EHH U= EHE% ZEOHY WE M2 HxE SUCHAE 41 Hx). 28

MHES 22l st 2 EH & Embedded S ZaIstL|ct (:l.El 41).

Chipsalliance (RVfpga Ol Al A5
AL|cH (2E 41).

Ct2 PIO E0f|M

File Edit selection View Go Run Terminal Help

T P
[ || O

& Embedded | = Des

Platforms

12! 41. CHIPS Alliance Zc1E MeH

™ Chips Alliance 2 Z 2| M5 FEIt ®#AIELCH (Y 42
L Install o N
&x) HES S25t0] XA (O 42)
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& PIO Home X

¥ Followus | (@ ©

alled & Embedded 0 Deskte

CHIPS Alliance

The CHIPS Alliance develops high-quality, open source hardware
Installation
& Install
0 Examples >ackages © changelog Frameworks
E——
Resources
Name # 4 ame Q % s * H

(v

112 42. CHIPS Alliance Z31 = A X|

n

- 2X7F 2A=EH OF 43 2 20| 2X[E =72 290 EA|E LT of

)
SAA| 2.

0

3 78-% 5}9315 _gal

12! 43. CHIPS Alliance Platform 2| 43X Ql MX|

B. AL _Operations Z2 174
KW o N =23 Q1 AL Operations.s (A8 44 #X)= 23t F= YoM S L HXIAH t3
o =

ZOWALC

.globl main
main:

1
2
3
4 # Register t3 is also called register 28 (x28)
5 1i t3, 0x0 # t3 =0

6

7

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

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

10 andi t3, t3, 3 # t3 = t3 AND 3
11 beq zero, zero, REPEAT # Repeat the loop
12 nop

13

14 .end

O & 44. AL_Operations Z213: AL Operations.S

PlatformlO £ At&3510] Nexys A7 FPGA EE0|A 0| ZEE HastD C|H P52 H CHZ THAE
AN Q.

IHCHE FPGA € Z 22§ 2FL|C} PlatformlO OfA{ O|O| AL_Operations

2. 2Z 0w 2l=2f A7 OFOIE—E% S Eota 2% MO|EBEe| AL OPERATIONS Of2f{Of
= src 5 2%t CFE AL Operations.S E 22/5t0 O 22| Z21 W AL OperationsS &
(

ER CaT & platformio.in AL_Operations.s X

» OPEN EDITORS 5rc AL

~ AL_OPERATIONS
s .pio
~ build
£ project.checksum
> libdeps

main:

REPEAT :
commandLine
include
REPEAT

~ SIC

AlL_Operations.s
» tesk

.gitignore

b il

README.rst

3 45. ofME2| oY AL_Operations.S 27|

3. VSCode % Platforml

@)
VSCode o}EHo|l= RET 7I5S MEdts R 7HA]

UAgLICL OIS

AN H
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UG LCH 2% ALO|=HE (O F 30 HZX)0|A " HES A80l0] Z27S Hutct
ChE CIHAE € =+ ASLILH

R7

4, Hdr HES 28 = 2250 CIHAHE
AZFELICEH ("PIO CIH"ZM0| ME |0 UEX] SRISHUA|R). & ot 2K 0| O] H'|§0|
ASLICH(AE 46 &X) Z2IO0| HA ALHAL| D CIHZO| A|ZFE LICE PlatformlO &
&h=0| AlZH 220 YAl breakpoint & HEstEZ AM3MO| SX|E L|CH

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

v VARIABLES

O3 46. CIH7H A=

5. CIHZ MME2 XMOi5t7| fioh HEZ| &Et 2X0)| LIEfLE CHE =7 232 A 8E =
UAFLILH AF 47 H=X). 22 SHYLCL
e Continue Ctg &
e Breakpoints L.57"7| IME ¥z dZ2 285 P01 Fote = AF U
Step Over ${Xf 3
e StepiInto HX| &
SR,

o Step Out MU= ol ZE IES HAT O3 of Y 7t Brate[H SXILct
o Restart T2 AXFE CIHZ MMES CHA| AIZRLICH
o Stop C|H{Z MU S SAIot Lt HY RE= SOt L L

o Pause RS LA SX|PLCL Z2IOO0| M O[T AL HEO| LA SX HEL R HHELICH

CONTINUE STEP-OVER STEP-INTO STEP-OUT  RESTART STOP
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Jd3 47. 0 HZE =4

e Variables: ZEHU0U= 22, 224 S ¥ HE 40t & 2

o Call Stack: X HAFQ & =& g (Us 29 A HEZ2(0|M x| FHO Q| /K&
B FLCH

e Breakpoints: 27 E STHEE BAISHD ST 20l M E ZZX HA|ZLICL 0] AM0fAM
SHHEES elg = JASLICHL M3 BAE EZ510 SHE S MASHA| Y0 YAH =2

=
Hgdete == AL

o Peripherals: ZX|2| M 22| OfEE FH FKX|2| XA HEFE HAIGLICH (KMT HE
RVfpga Labs Ol A CHELICH).

o Registers: Z2MAMO| Z} XA U= A gL LIS L O

e Memory: £ H22| T2 WES EAIZLICH

o Disassembly: 578 20 Cfot 0|l S2| ZEE HEALICL CA 22 &fl =& ZEL
4%, 0| Sl B2 StLtY CIH ZoH7| Qe o EE|E & = ASLIT

7. CIH{7 AOIE BrOJA] HX|AE & OOl © =/ <o} CH7 2 AlsS
H&BLCH HX A x28 REGISTERS M M0 EAIE |2 +3 O|2t1E $h0| L7, #7 2
=2 ANDO| M| 7HE| A% =2] Ato] ZIE NSt HS 2 4 YsLCh 12 482
XSS,
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Edit Selection View Go Run Terminal Help

> PIODebug - o AL_Operations.S X

> VARIABLES

» WATCH

» CALL STACK
REAKPOINTS

> PERIPHERALS

REPEAT:
t3, t3, 6

, 13, -1

t3, t3, 3

zero, zero, REPEAT

a3 48. YX|2E LHEET
8. main &+E = E5L7| ™| Western Digital X~/ platformio/packages/framework-wd-riscv-
sdk/board/nexys_a7 ehl/startup.S Ol X ®MSSh= A|Zf MO HAELICE O] o2 HHO
Al B, 2718 SF (M: sp £= gp) €2 ZUHE PSS L CIHZ 0] A|ZE|HO| T O]
712 oM g2l (O3 48 X)) 7|M dAE = JA&ELH T

Windows: .platformio 2H+& ALEX} 20 (CWUsersW<USER>)0f A& LICH &A% otY/ELE

HeH ALE S Yoo = AELIC

macOS: Linux 2 OXILRI 2 platformio EE = 8 &Y (~/platformio) 0l L& LICE,

9. 3t Ut CIMER| (~ /platformio/packages/framework-wd-riscv-sdk/board)0ll M-S =|Of
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RE ZZHENM AIEY FH AT H-E (//nk/a’s) Tdottts 82 ZXoiofF gL Lt 0
o2 H=2|oA ofgE2| M (5,” G/0/H], bss..)2| BiXIE 2 EEfLICt.

> 2 ¢+ T 9|0

10. OHX[Sf2 2 Bl Z S S5t , W 2IF ALO|E B9 HEO U=

E% ZEOHY BAMY| 2= SOrYLCH o e BAl 20N Z2 - F4 B/

= HHRY oK 2Ol blinky.S & Nexys A7 HEO| 7tE Q 2Z0f|Ql= LED & ZE0|H ot= =&
ke a

2O YLICH(AE 49 Ex) Z2 02 2F U ARO|Of] X|AS 50 7t QLEZ LED O HZ =
wa fteX o=z AL T

1 #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 ao, GPIO_ INOUT

11 sw x28, 0(a0) # Write the Enable Register

12

13 11 tl, DELAY # Set timer value to control blink speed

14

15 11 t0, O

16

17 bll:

18 11 a0, GPIO LEDs

19 sb t0, 0(a0) # Write to LEDs

20 xori t0, 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 3 bll

13 49. blinky.S

>
0
]

CHES CHAOf| 2t FPGA EE0 ZEEl RISC-V SoC 9 RvfpgaNexys 0lA] O] ZEE
Clef gt ct.

1. HH H01|X1| (AL_Operations)& st B2 RVfpgaNexys £ O|0] FPGA E =0 =2 12§ | 0f
Reo = CHA| Z2efyst Bart glELICH 2Lt RvfpgaNexys & EE0] CHA|

o H%*HOF Sl= 42 AL _Operations O & CiAl Blinky O XIS A23H0] MM A Off MHE

CHE $YSIAA| 2.
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M BA BOM It - FL Z7/2 2RIt [RVipgaPath]/RVipga/examples/ CIM EE2| 2
t

Cancel Open Folder

©  Recent 1 fxdchaver RVfpga = examples e

r Home Name size Modified ~
Downloads ™=
& DotProduct_C-Lang Yesterday
VM_sharedFolder & Helloworld Yesterday
RVFpga s Helloworld_C-Lang Yesterday
[ LedsSwitches Yesterday
[ Ledsswitches_C-Lang Yesterday
& VectorSorting_C-Lang Yesterday
s AL_Operations 21 ock

RVFfpgalLabs

Other Locations

Blinky LI E2| S Metstn 2012 S23HLICHAE 50)

HUTIOIM ofH 2l &Ll REQ! blinky.s TS SESH HLICH(AE 51).

Edit Selection View Go Run Terminal Help
EX & platformio.in Blinky.s X

> OPEN EDITORS
BLINKY

main
main:

OXFFFF
>T0_INOUT

DELAY

33 51. PlatformlO 2| blinky.S

Imagination University Programme — RVfpga Getting Started Guide
Version 1.0 — 8th June 2021

© Copyright Imagination Technologies 60



imagination
university programme

5. TERIHS MWD Cl¥ 15T S SYotyAIL. T3 CFS KM HE

>

S Zasto] C|H2AS A|ZHSHL|CE PlatformlO = 7|2 7|59

= = S A
F20 & HELUCL T2t AL HENdS S8/610] Z2OUS HASUAIL.

>
oA
ra
o2
o

6. EEOM 7t LEZRN U= LED 7} AH0[7] AlEst= AS & = ASH L

Blinkys X @ F
» OPEN EDITORS
“ BLINKY

malin
main:

t2, timel

9. 13 CHZ A& HE = 2E5I0 ™S ASLnh dd2
ASED 7Y RLEZ LED O 1 (£= 0)= 2= M HIO|E (sb) BT 0|20 SX[E UL

10. 2SO H AZSGPUAL W QER LED 2 785 = ¢0| it HEx= AE 2 =
UE LICH.
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11.

e - 6 5’7/.% HEisie ==3S gLt

D. LedsSwitches =217
M R o =2 H= EE0A AtE 7tstt LED S A X[QF EAIBLICH (O3 53 &X).

1 #define GPIO_SWs 0x80001400

2 #define GPIO LEDs 0x80001404

3 #define GPIO INOUT 0x80001408

4

5 .globl main

6 main:

-

8 1i x28, OxFFFF

9 1i x29, GPIO INOUT

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

12 next:

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

15

16 1i ao, GPIO LEDs

17 srl t0, t0, 16

18 sw t0, 0(a0) # Write the LEDs
19

20 beqg zero, zero, next

21 .end

%l 53. LedsSwitches.S

FPGA EEO0|AM O] ZEE Ml C|HASH2{H Ct

olo

THA

i

2 AL,

1. O|™ O|NE At 42 RvfpgaNexys = 0|0] FPGA EE0| Z2 U YS 22 CHA|
Z2efYe 2o Ut & LICE 2Lt RVfpgaNexys & EE0f CtA] Z22fUSHOF Shs E 2
AL_Operations Ol K| T4l LedsSwitches O|X|S A-&3t0] M A O B E CHE2AHBHIA L.

2. ot #A| 20N It - EEC E7|E S ESIL [RVipgaPathj/RVipga/examples/ CIHM E RIS
A

At
RELICE LedsSwitches CIMER|E Mehstn 202 SSHYAIL.

3. LledsSwitches.S Z2AH0|= AK[E A1 LED O &EHE HEA|SH
(A& 54)

rot

2o 2T} QLT

rir
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File Edit Selection View Go Run Terminal Help

@ ER & platformio.in LedsSwitches.5 X
> OPEN EDITORS
“ LEDSSWITCHES

commandLine
clude

main
main:

LedsSwitches.5 9 I0 INOUT

GPIO SWs
, B(al)
a®, GPID LEDs
te, 16
te, e(aoe)

zero, zero, next

12! 54, PlatformlO 2| LedsSwitches.S

4. O/ =230 28 L2 CHAE AlEet & T2 70| JAlL|7] AlZFfL LY.
PlatformlO = 7|2 7|59 A%t 220] A ZEhEe et et A4 welle
2510 Z2OWS HASIY AR

5. Nexys A7 EE SCH0| s 29K S THtLIC LED 7t 29(X|9] M €42 EAI&E A=
HEOM Al & & JUASLCHL oA 28 iz 2SS LA SXotD BHAER 2ot
HXAHE HAE = ASLILL 2REH HY - F4 E7/E 2850 EE@!E% ELCh

6. M=z= Hz2o MTE ¢S dAots A0l Ui R = ASLICL O|F {I8f PlatformlO =
o2zl C|2Z20]E MSELC.

a. CfS BZ7tAYE M7HX] 23 X HAESE LA SAELE & 250 s H=e

=
ClaZeo] (28 55 #X)5 gFstn £+ 2.2 St

—
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File Edit Selection View Go Run

e 51
@ Al

[» PIO Debug
» VARIABLES
> WATCH
» CALL STACK PAUSED ON STEP
« BREAKPOINTS
» PERIPHERALS
» REGISTERS
~ MEMORY

Enter ade

b. =7| H=Z2] F
0x80001400)

File Edit Selection View Go Run Terminal

o
3

> PIO Debug
» VARIABLES
» WATCH
» CALL STACK PAUSED OM STEP
~ BREAKPOINTS
» PERIPHERALS

EGISTERS
+ MEMORY

Enter address...

c. O CHZ HAt

702| 4 HIO|E 1/0 MIX|AEE HAt

Imagination University Programme — RVfpga Getting
Version 1.0 — 8th June 2021
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Terminal Help

LedsSwitches.S

main:

1, GPIO SWs
1)

next

a8 55. Hl22| c|2Ze o

27 QEELILH(AE 56 HX). 29(X[7F & =7] F4 (0] B2
gk

main
main:

OxFFFF
GPIO_INOUT

ro, next

& HIO|E £2 @K3tL|Ch (A8 57 &X). Oxc 42 & TLICH 3
stz sto 2 12 HIO|ETZ ©aTh),
Started Guide
64
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File Edit Selection View Go Run Terminal Help

P PIODebug +~ < i tformio.in LedsSwitches.
> VARIABLES sre 1any bytes to read? (P Enter' to confirm or 'Escape’to
> WATCH
» CALL STACK PAUSED ON STEP
~ BREAKPOINTS
» PERIPHERALS main
> REGISTERS main:
*~ MEMORY
Enter address...

d. OZ2| C|AEe 0|7 LEZR O"Elﬂ 289 12 HHO|EZF HA|E L|CH (A& 58
Ex). 16 7Hel AQIK|0f Qe ZE2 0x123C LTt (FL 0x80001402 3
0x80001403 2| HIO|E ZZ). RISC-V OFF|El X 7t little endian O|2t= S 1 2{5tH
O EAIE g2 a2t LatE LT 16 7HS| LED (2 0x80001404 A
0x80001405 O M%& &&= SLst 22 EA|L|C

Lmrlo"J

File Edit Selection View Go Run Terminal Help

P> PIODebug 3 * ¢+ T O = Memory [0x80001400+0xc].dbgmem X
VARIABLES src L tches.S |

Son 3C 12 3C 12 3C 12 80 00 FF FF 00 00
CALL STACK [p——
BREAKPOINTS

) PERIPHERALS
REGISTERS

~ MEMORY

main

, zero, next

e. Ol S0, EEO| A%(X| £tS 0x5555 2 Hgoln RS CHAE= of ¥ O gr5gfLCt
H22of AQX| gt2 W BN Y (A 59, U ?)S &t =0 HZZ|0{0F 5t LED
U2 sw S AT =0 10 2t HFZ|0of gLt (A F 59, ™ Of2f).
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File Edit Selection View Go Run Terminal Help

b PIO Debug & tForm LedsSwitches.S X

VARIABLES

> 3C 12|55 55)3C 12 00 00 FF FF 00 00
CALL STACK PausED oN sTER

 BREAKPOINTS

) PERIPHERALS —

REGISTERS

MEMORY

al, GPIO0 SWs
te, o(al)

zero, zero, next

File Edit Selection View Go Run Terminal Help

P> PIO Debug v fe LedsSwitches.S X
VARIABLES sre > o Ly
>Cooen 55 55 55 55 55 55|00 60 FF FF 60 €0
CALL STACK
« BREAKPOINTS
) PERIPHERALS _—
REGISTERS
v MEMORY
001400+0x¢ XFFFF
INOUT

zero, zero, next

3 59. 29X| & LeD HE

f. Z2IO™MO| 7| HHOE XMHIUst= RAM T2 Z2 L2 M2 2| QX 2 5
UAELICE 0x0 (RAM T 22|02 E &l 7| FA)0f A A|ZHSEDD 0x100 HHO|E
XtX|St= CHE HZ2| HelE gL o (O 60). A2 T2 (Startup.S) &
2| 0x90-0xC4 Of MZH=l LedsSwitches Z2 O] XA S & 4 USL|CH

=
=
o
S A
- T =
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= Memory [0x0+0x100]).dbgmem *

-

Mmoo o
L = A = I #Y]

18 20
42 01 43
46 01 4
g1 ¢
g1 4
oF
17
63
B1 ¢
01
CE
]]
2 0B
17
13

o @
[~

I I
L
L =]

L
(Y]
(8,
w

(1]
=
] kJ
LN =
B P
3 L L L

nimm Ll sy Ll
O P L) =] W =]
L=

=1 I

= BJ
(=]

% 60. H 22| F4 0x0 ~ 0x100

0. [RVipgaPathl/RVioga/examples/LedsSwitches/ pio/build/swervolf nexys/firmware.di
sOIM AFEE = U= ZEOYO| CIA0MEER|E FOo| Z2 30| X|Zof st
A RE = AEUCH A 61 #x). & OYS Hlustn T2 0|

A EE &QlstdAlL.

= -

ru
mr

OF mju
10

Disassembly of section .text:

addi 3 # Tfff < sp >

lui t

addi t 4 32 # 80001408 <OVERLAY END OF OVERLAYS5+8xa@001408=>
sw 13,0(t4)

lui al,ex 01
addi = # 80001400 <OVERLAY END OF OVERLAYS+0xa0001400=

1w

lui a@

addi 8 # 80001404 <OVERLAY END OF OVERLAYS+0xa0B01404>
srli 0

12! 61. LedsSwitches ZT21249| Cl|A{MER| HA
E. Led 2%/%| C-Language =217
E1W |edsSwitches_C-Lang.c (A& 62)= O|™ 0| HEA|El LedsSwitches.s T2 13 (&l 53)1f

Ir
S| 2 of =2l o C 2 A ELC
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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); }
7

8 int main ( void )

9 |

10 int En Value=0xFFFF, switches value;

11

12 WRITE GPIO (GPIO_INOUT, En_Value) ;

13

14 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 }

13 62. LedsSwitches_C-Lang.c
FPGA EEO|M O] T2 S HASID CIHASIH T T BHAE MEYAL:
1. O™ oM E Mg AL RVfpgaNexys = 0|0 FPGA EEO| T2 O2f U0 YSO 2 CHA|
ZZI2iye 2Tt Q& LICh d2fLt RvVfpgaNexys & EE0| CHA| ZZ 2 WUs|ofste E 2
AL_Operations Ol | CHAl LedsSwitches_C-Lang O|IX| & A2SI0] MM A0 MHEI CHZ

TASHYAIR.

2. A OF BEAl 20N Y - EO E7|E SRS /RVipgaPathl/RVfoga/examples/
E

2|
ClAE2|2 O] 52 LICt LedsSwitches_C-Lang CIHMEZ|E MEHSID 2018 SEIGHYAIR.
3. CIHAE =5817| ®Mo| ¢ 2E9| 15 o ZCHES AL T,

4. 1

rmu

Ctg CIHES AIARLCEL Z2 -0 28-S Al&StL SEHHUM SXILLE (AF 63).
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File Edit Selection View Go Run Terminal Help
> PIODebug - LedsSwitches_C-Lang.c

- VARIABLES

» Global

» Static

dir k
dir, value

main (

En Valu FFF, switch
 WATCH

En Value);

5. glgh morct AXE
6. 6. 92 20| COM =203 dAS 2L 08 64 0M &= BAIE | S22 Hets
S2st0f ZIPYR{of ofsf YAHE ofe| TR MG B 4 YHLCL
RUN P> PIO Debug
> VARIABLES
> WATCH
> CALLSTACK
> BREAKPOINTS
> PERIPHERALS
> REGISTERS
I\‘ > MEMORY
Switch to assembly
18 64. o422 M
7. ofd=Sgle =207 (A8 65)2 AN 2E Y 1w a5,1024 (ad) = AHEDI0 29(X(2
U2 A2 O NE B (sw a5,1028 (ad))= ALESH0] LED Off & L|CH THAHEZ M3 5l
AQX|E HESHL LED 7t M 291K gtS 2HESt=E HEE =X 2ol o},

[> PIODebug - platFormio.in sSwitches C-Lang.c = main.dbgasm X

“ VARIABLES

v Local

> Global

> Static

% 65. o{d=2 =2
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F. HelloWorld C-Language Z2 17

T HE COM= HE ZEE Sl shell Of B2 HAIXIE ALt Of HAIXIE 24 gtkterm,
minicom S1f Z2 HO|2 | E2|0|HE MEE & JUSLICE A21Lt PlatformlO & At 2 &

C
BHHE SRR 7|0 M= Of ZLEHE AF&dts B EE 20F L

PlatformlO 2 & ZL|EHE #+4sta{H L& 07 B=E F4s}{oF tL|ct 3| A& Ho|H M&2
fot OOl £ (XY HE = E£&= H =pS) C}. O
monitor_speed 7 B8 AHESIO =algh = JAELICH (O] It 2 PlatformlO Z2MEQ|

=

o
0|n=|0||_|[:h J2l 66 E EXGIAA]

= platformio.ini Tt & 9|

& platformic.ini X

[env:swervolf

= 115200

README.rst

= /home/dchave i ~c/rvfpganexys.bit

= /home/dchaver/RVfpga/verilatorSIM/Vrvfpgasim

1% 66. HY BLIE 74

ot B0l 20 CHS HES YBIY dialout, tty X uucp &0 AHAIS F74sof 2L CH
sudo usermod -a -G dialout $USER
sudo usermod -a -G tty S$SUSER
sudo usermod -a -G uucp SUSER

M B8 20| AREHE CHAl A5 82| HE Ateto] HEE LTt

Windows / macOS: Windows % macOS At A= ¢ CHAIE &=2T Ee7t &L ch

SOl =22 HYI0 TIHZ|X| (https://github.com/westerndigitalcorporation/riscv-fw-
infrastructure) LHOIA WD 7t Hl&38te Z2 MM X[ & T{7|X| (PSP) X EE X[ I{7|X| (BSP)S
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ARggrLct ol2{et 2to|E2{2|= 8 66 0| HA|E CHE platformio.ini 2] §8 B & (framework
= wd-riscv-sdk), 2 AFESI 18 67 0| EAIE OHE2 C ZE203 A% 220 HES 02
ol

Zototy Z2MEO ZetELCh ChE B20M A|lLESl A 2to[HE2[E #E + UASLICE

[

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

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

AHE, ZAHE M, JHE HX[AE §7I/2A7(Q 22 B2 X—.*%%
UEe W2 gt A2 E MSLICL O ojoM = HE 2L O HAIXIE
FERLICE CHS OMet 250AM s HHE SH2Z TOHE et

o
o
S

File Edit Selection View Go Run Terminal Help

> OPEN EDITORS
v HELLOWORLD_C-LANG

bsp_printf.h>
>

Helloworld_C-Lang.c

FPGA EEO|A O] AES H¥st CIHZot{H CHg BHAE WadA .

1. O|™ O|XE &t 42 RVfpgaNexys = 0[0] FPGA EE0| ZEA2UE|0 UZ2E CHA|
Z2 02U 2Tt gl&LICH 2Lt RVfpgaNexys & EE0| CtA| Z2 2 YB[OF St= E2
AL_Operations Ol | CHAl HelloWorld_C-Lang CI XIS AF2310] MM A0 dHE 2

T2,

2. VSCode & @L|LC}. PlatformlO = VSCode & & M VSCode LA Xt o2 SEIL|Ct AT
HA| 20| Y —» EC H7|E SIS [RVipgaPathl/RVipga/examples/ CIB ER|E
XF

& LT} HelloWorld C-Lang 2HE ME{stD 21018 SEISIMA| 2.

3. HelloWorld C-Lang.C Z213 (18 68)2 UART (function uartinit)E X£7|3t5t CHS
printfNexys .:.-1“—3 ALE35t0l X8 ZEE Sof =AtE S ™S LICH (022 g2l 73

rlo

AN &E 5= USLICt. ~/platformio/packages/framework-wd-riscv-
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sdk/board/nexys_a7 ehl/bsp/bsp_printfc). 18 Ctg FIZO| A|XQ 2 FO0t7+7| HOof 27to|
AlZHO| X[ AE LT},

PRE_COMPILED MSG("no platform was defined")

pi.h=>

13 68. HelloWorld_C-Lang.C 8 7|&

4. PlatformlO Ol A CIHAE A|ZtgtL|Ct Z2 1240 H3ME|T| A|ZSHH VS Code SHEHO| U=
plug HES 28510 22 ZLHE LT (28 69).
» OUTLINE
0 ® v > @ 9 [
a8 69. & EO|E &7
5.

X 2L Ee= 38 70 2F 20| "HELLO WORLD !II"HA|X| & H
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File Edit Selection View Go Run Terminal Help
RUN [> PIO Debug v & o - 1 PIO Ho Helloworld_C-Lang.c

» VARIABLES

t main(

ti;

uartInit();

1ile(1){

E  TERMINAL

latformio device menitor <

efault, direct, ,» log2file, nocontrol, printabl

by Ctrl+H ---

CALL STACK

23 70. T2 MY

OHX|%tO 2 WEf A0 RAS 1Y 2 RA0N J1Y M2 942 YStD HHE Y2 £ 9
a 7

1 #define N 8

2

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

5

6 int main ( void )

7T |

8 int max, ind, i, Jj;

9

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

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

16 }

17 }

18 B[Jjl=A[ind];

19 A[ind]=0;

20 }

21

22 while (1) ;

23 }

& 71. VectorSorting_C-Lang.c
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[EAMAL:

gjo

THA

i

FPGA 2E0|M O] Z2 %S HAlst CjH ot Cf

1. O|™ OGN E At Z 2 RvfpgaNexys & O|0] FPGA EE0| Z2 UL UZS2Z CHA|
Z2OfUE Do It AELICH 2Lt RVfpgaNexys & EE0f CtA| Z22fYsHOF St= E P
AL_Operations Of| A CHAl VectorSorting_C-Lang Gl M| S AtE30] MM A0 HHE 2
TS AR,

2. MEHOF BEAl 200N /Y — EL Z7/2 SESHL [RVipgaPathl/RVipga/examples/
ClME2|2 O|ZLIC} VectorSorting C-Lang ZEHE MEistn 20lg S&/etL|Ct

3. 100 SHES =1 CHYS AR -2 for
2). C|H{7{ AO|E HIO| A VARIABLES MME 2HESET A
720K WO YX HAIE)
File Edit Selection View Go Run Terminal Help

RUN [ PIODebu~ £ &) VectorSorting.c X @ PIO Home

v VARIABLES src /s S 2 main(void)

Global

g dakl; dy 14
HBESa k!

0; i<N; i++){
(A[l]>nﬁ"{

> Skatic

4, O|H 18 8o = C Ch =
CIAZY0|E €11 (A3 55 9| LedsSwitches T2 12H0]| CHsl AH) HIE{ A7} O] T2 9|
HZ20 EEE= A0 0x2148 (A& 73 HZ)0| A A|ZtSH= 0x50 HIO|ESE EA|RL|CH HIE
A (0x2148-0x2167 H2l) & B (0x2178-0x2197 He)o| x7| ¢+ £ £ JYSLICH

OU‘I
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File Edit Selection View Go Run Terminal Help

> PIO Debug

“ VARIABLES
00 60 00
9 00 B0 00 64 80 00 0 00 00 08
0 2]

ax, ind, i, j;

j+d

> PERIPHERALS
~ REGISTERS

~ MEMORY
0x

JE' 73. 0131|0| A A B o 'HIEEI E[AFE| 0] - Z=7] &Y.

8 e40f 23 2
B 7t H220] MFE ==

S g &=+ AsHH A 74). JED'OHH = —’F UAXO| tHEZ2| BF
40| o] YEE MSLICt Q2L o|2fe BHOo = 0|F5H0 X AH MEE s & &

OIA|_| |:|-

o
~

» Global

» Static

N o~ o~

Step Over HE (E)% B SEOE HE22of MFE B A K 1Y 242022
2EE ALl BT ghol EAIELCH (A 75 HX).
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= Memory [0x2148+0x50].dbgmem X

A[N]
B[N];

main ( )
ind, i, j;

J+){

a3 75. o{glo] A & B2 HI2E| C|AZEZ 0l -B2| X} HM 78 245 MFStn A
i 8 245 MEFELICL

5. RE SHUES MASH 2dS ASe o8 R = 20| LA SXYLICE O AN =20
20| 2= FLICE CHAl A S B HIEO| MT & ats E45tdAI2. O3 76 0lA = 5 UAKOI
HE B P 22 AR YBE e ME AL 4S ERSIL HEH A 25

o
=

A
S b 2 Ao 7
SRLICHZ0 8

P> PIO Debug

< VARIABLES
v Local 00 60 @ 0 00 @
0 0 0 0 0
(:]
(:]
08 02 ©
18 6 01 08
a3 Global

> Static

a3 76, T2 oM A

o
=)
oi¥
A
o

H. DotProduct_C-Lang Program

Opx| 8} o "] =23 QI DotProduct_C-Lang.c = (A8 77) & HHS| XS A AtetL(Ct O
Z= 030 = main ® dotproduct (H) F 7tX| 7|50| AELICE X BH 2= HEY 37| F
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HIE{ ol 27| FAEt= M 712 Y Q+E A& F B =& 2 EgL|Ct 18 O3 WX
S4e T WEQ LHS AAStD ZI1E srestLc)

1 #define DIM 3

2

3 double dot;

4

5 double dotproduct (int n, double a[], double b[]) {

[ volatile int 1i;

7 double sum=0;

8

9 for (i=0; i<n; i++) {

10 sum += a[i]*b[i];

11 }

12 return sum;

13 }

14

15 void main (void) {

16 double x[DIM] = {3.1, 4.3, 5.9}; // % is an array of size 3 (DIM)

17 double y[DIM] = {1.4, 2.2, 3.7}; // same as x

18

19 dot = dotproduct (DIM, x, Vy);

20

21 return;

22 '}

1% 77 DotProduct_C-Lang.c

O oojl M REl= M2 AMSLLCH (Hx y H dot 2| HIO|H FH2 double YLICH. 2L}
SweRV EH1 Z2M M= 2F 45F X|AS ZH5HX| S Tt WatA oH o M= gee
(https://gcc.gnu.org/onlinedocs/gccint/Soft-float-library-routines.htm) 0| Al K| S5t 2 E Q)0
£& 258 2l0|EE2|E St 5 4F o 220|842 Ar8g Lt O] 20|E g2 & 2TF

T Y-GS HZ2d2ASH7| fI8 -msoft-float 7t ZRHE UHOMCH AFEE LICH

FPGA EEO0|AMO| ZEE MEst C|H Y52 H C}

olo

THAE YA

1. O|H O|XE H&st A2 RvfpgaNexys £ 0|0] FPGA EEO| Z22jAUL|f JYS2= ':Ml
Z2JefYe 2o It & LICH 2Lt RVfpgaNexys & L0 CrA] Z22f YO st 4
AL_Operations O Xl T4l DotProduct_C-Lang G M| & AtE3I0] MM A0 HYHE O 2
TAHSHUA L.

2. Sttoiw BEAl E0M Y - FL Z7/2 SRSt [RVipgaPathj/RVioga/examples/
ClIME2| 2 O|SYLICE DotProduct C-Lang LI E2[S MBS =H0lS SETLIC.

3. CIHAE ==ot7| ©o 10 ¥ 20| SEHES 280t 19 ¥ 20 CHE SHES 8Lt

(:1%% 7 PN~ )

[

oo

4. O Chg CHZ S AR Lo T2 0| 7| A[RELCh A HR SEHEAM

Imagination University Programme — RVfpga Getting Started Guide
Version 1.0 — 8th June 2021

© Copyright Imagination Technologies 77


https://gcc.gnu.org/onlinedocs/gccint/Soft-float-library-routines.html

imagination
university programme

SAgL (A 78 &=X).

5. CIH{7{ AtO|= HO|A Ha MM S SHYRILICH (A8 78 HX). & HWEHO| = main O ZSE =7
U0l ZEELILE EE B 022 &7|3HE L L

File Edit Selection View Go Run Terminal Help

> PIODebug ~ & &) & PIOHome DotProduct_C-La
 VARIABLES = c Pr C c mai
w Local
dot;
dotproduct( n,
i;
sum=0;

~ Global

> Static

dot = dotproduct(

return(@);

6. TRIYO| AL HAL=F UL
(10 Aol M SK[ELIE

7. O S22 HETLICH (A 64 OfA2t 20|). 5 248 O 20| RES B0 HAE=

[

AtMls| 24 - S (A8 79 ).
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= dotproduct.dbgasm X

muldf3>

adddf3>

8. C 2 LCiA| Tt & 7o SEES MLt &

=2 =
Ho| Zho| &= =i ol LM (A8 8022 HEE= A

[> PIODebug -~ & PIOH z C roduct_C-Lang.c startup.S
 VARIABLES

> Static

main

#[05]: no need fo

2b

1% 80. DotProduct_C-Lang =21 74: L| X ZAu}

9. Ol =27 EHMS OXH ot - 20 B7|E 8010 Z2HMES HeUM
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7. Verilator 0| A{ A|Z2f0]M

O] MM0| M= Verilator & AFE3H0 RVfpgaSim O A O MM (AL Operations)of| A AL El X &Y
Z2OME MEMBILICE Verilator & Soc & J2|8t= Verilog € AlE80|45t= HDL (SI=9I0f Y
A0y A|Z2|0|E L LIC} (JRVApgaPathl/RVioga/src | M AHE 7+5). SoC & Malish=0| 2 S
AHESHH A[AHIS| L& NS E 2Ag 4= Qlen, Ol W& &Y E= M SHE/NE SoC Of

A
75t DlEfel 2 8 g50| 5| K8t

017|0f| M= Verilator & AH8310] F7| YOE 21 M 6 0 H&stn Cje ot R Hw
Zoksk o g2 T2 MOl AL Operations 2| 748 SE238t= WY S HoELICH (AR 44)
PlatformlO & AFE3t A|220| EO|AE HET Chg 28, 1 AZat T2 MMl st
YHOE F7I512 x28 (F, t3 HIX|2H) M= E ASY0|M D0 SE5t2 T2 10| LA E 0
2l GTKWave 3EO| & HX|AH Mt HPE = AFgS 2oL ot

AlZ2]|0]d Hfo| 2| Vrvfpgasim ‘84 :

[RVipgaPathj/RVipga/verilatorSIM C| 3 E 2|0l = RVfpgaSim & A|=H0|H HIO|HZ|E M/ d5}7|
1ot Makefile X AT -E (swervolf 0.7.ve) 7t ZEE|0] JQELICH AT E E0= Verilator 7t SoC 2|
AT L 20 UsA| Y = Us EIL RE| BR0= [RVipgaPathl/RVipga/src, Zetk|0f

=]

UASL|CE CHZ 2 2 RVfpgaSim & HIO|HEZ|E 4/ d5t= WS E0FZLICH LES 0| RvfpgaSim Of A
MAlE|l= T2 AL-Operations 2| AN|E2{0|M FHE TtEE O AFSE LICE

1. HOIE oM Ch3 S &dstA A|220/H BHO|H2| & &gttt

cd [RVfpgaPath]/RVfpga/verilatorSIM
make clean
make

ot Vrvfpgasim (RVfpgaSim A|&2|0| M HIO|HE|)2 /RVipgaPathl/RVipga,/verilatorSIM
ClE2| LHOf 4d=0foF gLt

Windows: Windows & AH&%tE 42 Cygwin E{O]E LHO| A 0|2t STt THAE S~ sljoF TFL|Ct
(RtMIs X[ &2 22 C #X). C: Windows Z0 & Cygwin (/cygdrive/o0| A &8 = JA&L|CE O]
MMo| OtE2 R E X|E 2 Linux Of CHell dEE X|E ot 5LehL|ct,

[ ]

macOS: AtM|Et X|H2 &5 D & FXZsHAIL.

Vrvfpgasim 2 AH&310{ PLATFORMIO Ol A Al E2|0[M F=X M.

AZ20|E BIO|HE| (Vrvipgasim)7t S E|™ T2 1% AL_Operations 2| A|E2{0|M =X
(trace.vca)ys M 4517| 2|8l PlatformlO LHO|A| O|& Ar2TtL|CL.
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2. VSCode € 9 C+Z AFHO|A PlatformlO & EL|LCt

3. St BA| E|M Fle — Open Folder ... (A% 81)& ISt [RVipgaPathl/RVipga/examples/
Cl3Ef2|2 o|SBLCt
File Edit Selection View Go Debug Terminal Help
New File Ctri+N
New Window Ctrl+Shift+N
open File= ctrl+0

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

Open Recent 4

Add Folder to Workspace...

Save Workspace As...

Save As... cerl+shift+s

Auto Save

Preferences 4

Close Editor Cerl+w 4.
Close Window Cerl+w

Exit cerl+Q

Figure 11. Open the AL_Operations.S example

4. Al Operations C|IMEE|E MEMSID (FX| L0 HEHDE S| Q)

Ol M= PlatformlO Of| A & L|Ct.

Jtot

IS 2EBHAIR. O

5. platformio.ini TtYS FLICH Ot W2 HESIH KR HRM CHA| (Vivipgasim)Ol A 4 dEl
RVfpgaSim A|=20|M HtO|HZ|e| ZE2E HAETYLICH (28 82 &X).

board debug.verilator.binary =
[RVEfpgaPath] /RVfpga/verilatorSIM/Vrvipgasim

File Edit Selection View Go Run Terminal Help

platformioc.ini x q

AL_Operations.S src

~ AL_OPERATIONS

commandLine
de
AL _Operations.S
= 115200

atformio.ini
E.rst

o &

= /home/dc WTp verilatorSIM/Vrvfpgasim
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13 82. PlatformlO £7|3} u}Y: platformio.ini

Windows: Windows 0 A{ RVfpgaSim A[Z22{|0[ HH ML vrvipgasim.exe FLCEH AHEE:

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

6. 21F 0w E|5.01|)\‘| PlatformlO OfO|2& 2250 A|Zg0|M2 dAT T3 Pr OJeCt Tasks
— env: swervolf_nexys — Platform 2 2t&5t1 Generate Trace & S LICH (O3 83 &X).

File Edit Selection View Go Run Terminal Help
PLATFOR T platformio.ini X @ PIO Hon

~ PROJECT TASKS

= /home/dc

General
Build

© Upload
Monito

TERMINAL
> Executing task: platformio run --target generate_trace -

Upload and Monitor
Clean

Upload Bi
Generate Trace
Start Verilator
Generate Bitstream
nced
Development

Ruilding in re

ing t

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

12! 83. Verilator Of|A] =X MM
£ = PlatformlO E{O]E HOA =2 HdT = JAESLICE O] 8l PlatformlO & SIEH|

ol
PN

= =l -E (PlatformlO: New Terminal H{E)2 28510 Af E{O|E ¥2 €1 Ct3 YES

PlatformlO HO|'20| ¥ (= SAHYL|Ch pio run --target generate trace

7. O ttA = R = 20| trace.ved THEO|
[RVifbgaPath]/RVipga/examples/AL_Operations/.pio/build/swervolf nexys Ol 444 k|0{0f St

GTKWave 2 @ &= U&LICE
gtkwave [RVfpgaPath]/RVfpga/examples/AL Operations/.pio/build/swervolf nexys/trace.vcd

WINDOWS: CH2EE3t gtkwave64 ZL 0= bin B0 20| gtkwave.exe Bt Of Z2|7 0| 0]
Zoteof ASLICE siY 88 ZE2OHUE F ¥ S GTKWave E A|ZFLLICE OfZ2|# 0|4
2EHOJ| A File - Open New Tab 2 22/5t1 Otz EH 0| 44 E traceved IHYS FLICH

[RVifpgaPath]/RVipga/examples/AL_Operations/ pio/build/swervolf nexys

GTKWAVE Ol A A|E3|0|F F=H 2N .
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8. O[X| 28, Wy U X AE MSE EIIBLICE GTKWave O AE AT oA 1m0 ASE
k=1

F7te = UAEF SoC 9| AE S AYELICL HBS TOP — rvfpgasim — swervolf —
swerv_eh1l — swerv 2 X5l D E ifu (I T 84 0] EA|=I 2 ZX EAEHE 2E/S5t0
MZ clk (200 AHEE|= 2)E MEISID SIM M ¥ Es QEZRO HA2 M olE He =

EgfagtH

File Edit Search Time Markers View Help

gs I j_, B =) = &«==l € 2 From(osec To:[ 185200 ns = Marker: - | Cursor: 7ns
¥ ssT Signals
gpio26 - Time
gpio27 clk
gpio28
gpio29
gpio30
gpio31
gpio_module
spi
spi2
swerv_eh1
mem
= swerv
active_cg
dbg
dec
dma_ctrl
exu
free_cg

4 ns

L e e B

lsu
pic_ctrl_inst

syscon

timer_ptc

uart16550_0

wb_intercon0

[0

Type Signals

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

wire clk

wire clk_override

O3 84 22 =0 M= clk =7t

9. MA M=z HoE = 5 ARF o M =ACieLCh (A 85).

-

File Edit Search Time Markers View Help
s B -2-‘;\; ==l € » From:]osec To: 416 us = Marker: - | Cursor: 1ns

Figure 25. Zoom in

10. O|X| ek 71 AZ 2t RISC-V 20{2] 2t HAloz MlE|= HHOE BojF= S E
FotetLICt sLst 2& (ifu)dlM M jfui0 instr [371:0] R ifui1_instr [37:0] (A 86)S &0t
A2 M Waves ZL 2 EASLCL HFEALifu = BEO| IjX| tHe|E LtEHW R, 02 I
AZRE A 02, /72 T AZe} WA 12 LIELICE jnstr [31:012 32 HIE YOS
et LIt

Imagination University Programme — RVfpga Getting Started Guide

Version 1.0 — 8th June 2021

© Copyright Imagination Technologies

83



Type Signals

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

Filter: | instr

Append Insert Replace

imagination
university programme

a3 86. EtO| Y mHof| 43 ifu i0 instr [31:0] % ifu_i1_instr [31:0] =7}

11. O[X| HX|AE 3 (F, eXI&E H= 28, x28)2] @& ERdte
otziel AE LE=E dec — arf — gpr_banks (0) — gpr (28)2 243
JO80t 2ol Zx BAE)E 286t MS dout 31.0/8 HEEHL

AE8El= HXIAH x28)2 A2 M Waves §2 2 EafagtL|ct (A

BFwswerv
I-=sactive_cg

b sadbg

B cadec

B osarf

.= bankid_ff
..z gpr_banks(0)
agpr(1)
= gpr(2)
= gpr(3)
.= gpr(4)
= gpr(5)
.= gpr(6)
= gpr(7)
.= gpr(8)
= gpr(9)
= gpr(10)
= gpr(11)
= gpr(12)
= gpr(13)
= gpr(14)
= gpr(15)
. gpr(16)
= gpr(17)
= gpr(18)
= gpr(19)
= gpr(20)
= gpr(21)
= gpr{22)
= gpr{23)
= gpr(24)
= gpr(25)
= gpr(26)
= gpr(27)
ngpr{ZE]

= gpr(29)
. gpr(30)

Type Signals
wire  WIDTH[31:0]
wire clk

wire  din[31:0]

12l 87. A2 =0f A4S dout [31:0] =7}
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®

S HEAISt= £ OHE YE2 tod TS AMSsts AL

12. GTKWave 0| A= t
[RVipgaPath]/RVfoga/examples/Al_Operations | A M-S & LICH oY o2 0
MY AR, 2 Mofl= df=off HEAISt = 2 4= Z2Qt 0|F0| HA|ELCH

O

clk

swervolf.swerv_ehl.swerv.ifu.
swervolf.swerv_ehl.swerv.ifu.
swervolf.swerv_ehl.swerv.dec.

rvfpgasim.
rvfpgasim.
rvfpgasim.
rvfpgasim.

ifu i0_instr
ifu il _instr
arf.gpr banks (0) .gpr(28) .gprff.dout

GTKWave O|A] tcl TS AFE3}2{H File — Read Tcl Script File & 2&/5t1
[RVfogaPathj/RVioga/examples/Al_Operations/test.tc/ Tt Y& ME{SIH E L|C}

13. 1 & 88 2 AL _Operations.S ZE2 121} 0|0f 435t= 7|4 HHOE Eo{FL|CH

# RISC-V assembly # comment (t3 = x28) # machine code
1i t3, 0x0 # t3 =0 # 0x00000E13
REPEAT:
addi t3, t3, 6 # t3 =t3 + 6 # Ox006EOE13
addi t3, t3, -1 $# t3=t3 -1 # OxFFFEOE13
andi t3, t3, 3 # t3 = t3 AND 3 # OxO003E7E13
beq zero, zero, REPEAT # Repeat the loop # OxFEOOOCE3
nop # nop # 0x00000013
1% 88. 5% 7|4 AE7I = AL_Operations.S
O[F 20| MWEO et N WS SIS TRIH0| AW 1 BHOIQ 3
Sl X|AE x28)0] 12 89 Of HA|E 70| E A2 of| et
1i t3, 0x0 # t3 =0 # 0x00000E13
REPEAT: addi t3, t3, 6 #t3 =0+ 6 =26 # 0x006EOE13
addi t3, t3, -1 # t3 =5 # OxFFFEOE13
andi t3, t3, 3 #t3=5&3=1 # 0x003E7E13
beq zero, zero, REPEAT # Repeat the loop # OxXFEOOOCE3
nop # nop # 0x00000013
REPEAT: addi t3, t3, 6 #t3 =1+ 6 7 # 0x006EOQ0E13
addi t3, t3, -1 # t3 =7 -1 6 # OxXFFFEOE13
andi t3, t3, 3 # t3 =6 & 3 =2 # 0x003E7E13
beq zero, zero, REPEAT # Repeat the loop # OxFEOOOCE3
1 & 89. AL_Operations 8% & 2f|X|AF t3 (x28)2] BH SE U &
14.9F 10100ps € 2ACiSIH Fof K BiR I & BiR BH=0f CHEE Ml 7H2f A= =2| HO
HAS 2ME = ASLCHAE 90). M2 F 7He| FHO (11 t3, 0x0=0x00000E13 H
addi t3, t3, 6=0x006E0E13)E YN ZVMFZLICt. M= /Ay i0 instr[31:0] R ifu_i1_instr
B1:001 BEAE AN I AZ2tRISC-V Z2MAQ| 2t Ao 2 LMY JHY ZLICH CHS

& 8™ (addi t3, t3, -1=0xFFFEOE13 % andi t3,
CHS AtO| SO A ZHA4ZL|Ct OFX|g =

t3, 3=0x003E7E13)2
HHO=(beq zero, zero, REPEAT =
0XFEO00CE3 % nop =0x00000013) CtEF 7|0 A 7tN SLCE
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5

SweRV R 0{2| 9 ChA| mo|= 2ol T2 MM & FHI2
0ol Ao|S oM HH| 27k LIEFE LT A
F7|, x28 (£3) 2 X HW A 1i £3, 0x0 (0x00000E o|o] AcH=)o|
EILICE F AMO| 2 20f x28 2 CH2 @™ Q addi t3, t3, 6(0x006E0E1L3) W20
Ox6 OS2 YHO|EELICE OO 2 x28 2 CF2 HHOQl addi t3, t3, -1
(OxFFFEOE13) 20 5 2 AC|O|EFL|CE OIX|HO 2 »x28 2 CtF HHO andi t3,
t3, 3(0x003E7E13) WjZ0f 1 2 HHOIEELICE O OH2 CtE & YHOE 71 SLCh
beq =zero, zero, REPEAT (0xFEO00CE3) % nop(0x00000013), &7|7t F6HX|H
ZOF BtEELCEH O] 42 18 89 Ol M O F%h Aut Z&L|CH |RASE 222 AMESHY & BIR|

= =13

L —

=S 24 + ASUCL & HR 252 08 90 MM = &= #AIR O 89 oA
o=

Ee
He =

Signals
Time

clk=
ifu_i®_instr[31:0]=
ifu il instr[31:@] =

~ dout[31:8] 5

a3 90. AIFI|M M 7He| M= =2 FEO &Y

8. Whisper A|&2]0]M

Whisper (https://github.com/chipsalliance/SweRV-ISS) = SweRV OF0| 32 HEE2{2| AT S 2l
Western Digital 0l A 7H2$ RISC-V ISS (BEO| ek A|Z2|0|H)Y LTt 0| F &3l AHEX= 7|2
RISC-V StERIO| @10l RISC-V ZEE &Y = USZLICL Whisper E AFESHH Nexys A7 FPGA
2C QO|E PlatformlO & AM83I0] C EE= OjdlE2| Z2IMS HAE Ml A CHAY £

AAI:I L’l EI-

Windows: O] AMOf| YFE 2= X[ &2 Windows Ol A Z&38l{0F S L|Ct (Whisper & Windows £
K& 0|43t Jean-Francois Monestier Of| Al ZEAFE ZILIC}: https://jean-

francois.monestier.me/porting-western-digital-swerv-iss-to-windows/). Windows %&82 &Sdf
WhISperg 58X E= mHQ &0| LIEFLE £ &L}

macOS: O] MM0] dFE 2= X|H2 macOS HME 2SI CE

Whisper = HHES AF2 ALY} Eclipse &= PlatformlO 2 22 IDE (

Y ME &B)E AHEDI0]
dagt 5= ASLICE Of MMM = PlatformlO Ol Al Whisper 2 Z2 S A|S2|0|M5t= LS
FIER| O & 20lELICE O3 Chs of7]0] 28 = AL St BAE AHESHY CHE

st
Z2IYS AEol8g = AL

Whisper 1SS & AFESHO] M43 6 O M At Cief ot A Ry ZtEroh ofdlS2] =2 =0l
Al_Operations & M2 O| I LICH (A E 44 ZX). Whisper 0| M 0] ZEE M5t C|H Z5HH
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CHE THAE TEM L.

1. VSCode (% PlatformlO)E FLICt HEtt 0w HEA| E0M IHY - E0 E7|E 25t
[RVfogaPath]/RVioga/examples/ CIM E2| 2 0|55l AL_Operat/ons ClAERE MEISH (EX]

B3) ts =els =L

2. ot - Wt HI|E 2SI JRVfpgaPathl/RVioga/examples/Al_ Operaz‘/bns/p/atform/o./'n/'%

= — = =
= B 2280 17 ol =M K2|Z M AHSIY whisper £ ClH1 =2 AH™SLCH (A2 91
&x) oS MEELICH (Ctrl-S).

File Edit Selection View Go Run Terminal Help

@ XP R & platformic.ini x g PIC
“ OPEN EDITORS
& platformio.ini
T PIO
AL_Operations.S src
~ AL_OPERATIONS

= 115200
= whisper

= tesk.kcl

a3 91. =M HAH 17 &.

3. B2aXME CHAE ARfRLIC (E el

4. O|N M 6BOIM T A1t £Z0| Z2OHZ Ol I = UKD O|HO|= T2 O
Nexys A7 FPGA 2 E CHAl Whisper 0| A] A|E2f0|MoZ MAHEL

5. Z=Z10| HelloWorld_C-Lang Ol | (MM 6.F)Qt Z0| Whisper 2| printfNexys &+& At&St=
42 MA|X|7} Cj4l DEBUG 2£0] BEA|L/EE PlatformlO ZE ZLEHE €W QHELICH A

92 T=xX).
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File Edit Selection View Go Run Terminal Help

b PIO Debug & 8 Helloworld_C-Lang.c X

VARIABLES

WATCH

CALL STACK

BREAKPOINTS
PERIPHERALS
REGISTERS
MEMORY

. DISASSEMBLY

®0A1 g PODebug(Helloworld Clang) @ v > B & [

13 92. Whisper 0| A| HelloWorld C-Language G| X| 438
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|

RE

CHE 222 Linux M 7| RISC-V =7 22 X OpenOCD (PlatformlO CHANE Aot B,
PlatformlO & AIEdI HIE AEZS CHRZE5H7| 23] Windows 0| E2t0|HE A X|5t= B,
Windows % Mac OS A|AE0] Verilator 5! GTKWave & A X|St= Y, Vivado & AHE5HY
RVfpgaNexys & T2 12| Ust= B, H 10 0 =0] RVfpga A|ZF QHLEMOIM AFEE = U BE
FE0| LIZE A&

H10. £ 58

Appendix ‘ Description ‘ Operating System ‘
A Ubuntu 18.04 O A{ RVfpga € Native RISC-V =7 X1 & Linux
OpenOCD A&
B PlatformlO & AF&S}7| 2{8lf Windows O E2t0|Hf M X| Windows
C Windows 0| Verilator & GTKWave X Windows
D macOS O] Verilator & GTKWave & X| macOS
E Vivado £ AF&310] FPGA Of RVfpgaNexys CHREE Windows and Linux
F AHAE 1oT O Z2|H O[O RVfpga AHE All

B2 A& 7|8 gec/gdb =T 2 OpenOCD £ ARSI 7| 2Xo2 m2 Mg A
ME/ClH st = AHEXITE ALE SO 2 LICE T12{L} RVfpga AHEXH=0] A[ZH QHLiAMOf HHE

CH2 PlatformlO £ CH4l AMRSH= Z40| £&L|CH

Anasto

|
=

Windows AFEAt= B8 B % C Q| X[& S Wetof LTt £5 B o X|&H2 Windows A|AHO]
PlatformlO £ AF23I0] T2 CHRZE3LD Nexys A7 FPGA 2 E 0| RVfpgaNexys £
CHR2Ed = A& EEI0|HE CIREES= HHE EoFLCL 85 C = Windows AFE A7}

RVfpgaSim 2 AIE20|NY 4= QU EZ Verilator ¥ GTKWave & MX[dt= ¥ B FL|CH

macOS A& At= Verilator 2 GTKWave & AFESHY RvfpgaSim & Al=20[35t{H 25 D 2|
X|& g watorgtL ct

PlatformlO & AI83510] RVfpgaNexys A| AR (H|E I}, rvfpganexys.bit Off H2|El CHE)S Nexys
A7 FPGA EE0| Ct22ESH= A0| E5LICE O] HIE Y (rvfpganexys.bit)2 Vivado E&=
PlatformlO Of| A ‘e = JUSLICEL 25 E0 @HE Z Vivado E ALHESHY Nexys A7 FPGA

E L0 RVfpgaNexys A|2RES CHR2EY =& UAFLCH 2Lt Vivado & AHE3H0] EE0
RVfpgaNexys € CH2 2EStH= A2 AFEIX| ZELICE £3] Windows AFEXI| A= X|EH2 2
E2HO|HE wM|SHOF 57| U= &Lt

Hu

2 E A : Ubuntu 18.04 0 A Native RISC-V =7 H|Q! 2 OpenOCD

A&
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PlatformlO A& 2 HESIX|T O M0 M= 7|2 RISC-V =7 Qg &%, 24 &
g1 OpenOCD £ AHE3}0] Nexys A7 FPGA E E0f| RvfpgaNexys =

At&3510] RVfpgaNexys Ol A Z2 122 MAHSI D CIH A= 2 EO0FL|CHL EM Q2 gnu
AUy, CIHA, ol e S22 +AELICH Ubuntu 18.04 23 HA| (OS)0| RISC-V £ 211t
OpenOCD & 2X|5t= LS H0f =X O ZEM A= CHE Linux HIZO|ME 25T Tt Of
XE2 MZ2 Ubuntu A|2ES 7Y% T}

Of 7to|Eo| AEZ0|M H YT i 2 PlatformlO & Ar8%t= &% T THAIZI EQ3IX| &
PlatformlO, Vivado % Verilator E£-= Whisper & Af%af ZL'OI RISC-V Z2 1S M C|HZd U
AZ220|Mdt= O HEEl= &RO|X| 2 PlatformlO 2F V

E M2l 3 OpenOCD E AH83tE{= & ALEXIE ¢ °H Ct=2 X0l M-S &Lk

<
[}
o
o
ot
In
2
)
|
==
I
B
—
=
>
N
r
2
wn
0
<

1. Linux Ubuntu OS 0| 7| & AX]|

O] MMOlA&= Ubuntu 18.04 ZFE{0f RISC-V =7 Z&, OpenOCD X Whisper & 7|2H2 2
XS 2 S HESLICL 0]2{et =T+ PlatformlO Bt CHA|HLICE O GSG 2| MM 50 HYE
i 2 Vivado W Verilator & A X|sf{Of LT},

RISC-V £X2!

70 M= FH RISC-V EH Q! (O: gnu HILE, CIHA )2 AFHO 2X|ot= YHS

2O ELICH AKX X|&2 RISC-V International (https://github.com/riscv/riscv-gnu-toolchain)Oi| A
M-St olg{st X2 Of2fof| &0 AEL|TH

NOTE: RISC-V =7 2Z3 OpenOCD & EX[St= O R A|Zt0] 23 == ASL L UFE =+
220 2L, Aot A X 5= st o7t

HOlZoM 22 SEHELCH(Z2MA= o AlZE O] 28 & UKL HREZ 2| AlZH2
D20 CheRC g MX|gs S0t ff7|ste O AL Ch,

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 (V&% BF ALY A[ZtZ I E0|EE sudo make -j$ (nproc) ARE)

e export PATH=$PATH:/opt/riscv/bin (A|2HIOM HAE HZA)

OpenOCD
OpenOCD £ AFSAI7} QH|CIE T4 XS TRIYSHD CIHLE & s Ny 2

Q 7
CIH A LICEH HFEO| RISC-V OpenOCD & HX|st2{H LS A S MEMAIL.
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
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e ./configure --prefix=/opt/riscv --program-prefix=riscv- --enable-ftdi
--enable-jtag vpi

e make

e sudo make install

Whisper
ZHREO| Whisper & AX[5t2{™ CtF HHAE [MEMUAIL. (X[E2

(R
https://github.com/chipsalliance/SweRV-ISS Of| A 2tQlgt == QUX|TF Of2fofl R2FE|0 YUEL|CH.
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 (20 2t

YV VVVVVYY

[RVfpgaPath] = HFﬂLJED

II.  OpenOCD & AM235l0] Nexys A7 FPGA EEE At23}0]
RVfpgaNexys OflA =174 A3

EHA A. Nexys A7 Ol RvfpgaNexys (& 25) CI2E2E

1. RVfpgaNexys & H|E m20| =gt &l Z=2HE C|HEEZ|Z O|5TL T}
cd [RVfpgaPath]/RVfpga/src

2. OpenOCD & AHE SO RvfpgaNexys & 2 E0f CH2Z =L L}
riscv-openocd -c "set BITFILE rvfpganexys.bit" -f
OtherSources/ConfigFiles/swervolf nexys program.cfg

rir
[H

CtA| B. AQX|E 211 LED 0] ZEHE 2123} 2713 9l LedsSwitches & A3 stL|C}.

3. Leds 29X|/HHE CIMEEZ O|SLICL
cd [RVfpgaPath]/RVfpga/examples/LedsSwitches/commandLine

O] CIHER|OAN AA &3 ATJEE Python AR E Y LedsSwitches.S T2 1S

At Lst7| 2ot Makefile & #E 5 UASLICH

4, elf oY HE:
make clean
make LedsSwitches.elf

5. OpenOCD £ SoC 0Of ¢1ZA%tL|Ct.
riscv-openocd -
f ../../../src/SweRVolfSoC/OtherSources/swervolf nexys debug.cfg
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OpenOCD 7t HAE|7| A|ZSHE CFS HAIXIE 2ot o2 HAIX[7} #A[ELCH
Info : Listening on port 4444 for telnet connections

6. MEHOES @0 2203 M EE| (cd
[RVfpgaPath] /RVfpga/examples/LedsSwitches/commandLine) 2 O|&5t0| Ch&
YES dAY Ut
telnet localhost 4444

O o= 2ul ¢ LR o228 YeL ot
load image LedsSwitches.elf

reg pc O
resume

O] Ml &L (1) LedsSwitches.elf ZZ 123 RVfpgaNexys Of 2E5t1, 2) T2
7I2E (POE 0 (ZEE2OHo A i YHO = X)) =2 A5t (3) A™-S CHA
A|ZFShLIC

Ol =212 2 EHA 0| A Nexys A7 FPGA EE0f 0[O0 L2 2 E &l RISC-V SweRVolfX SoC
oI RVfpgaNexys Ol A A E[7] A|ZFSFLICE O] Z2 W2 LED 7t 291 X|2| HEHE
HAISI=E gtL|Ct AKX E HetstH LED 7F AQ(X| 42 BES=E ZA| B 0{0f
SHL|C}

i
.-
o)
3

gHot Mg =2 HihE A3 AL_Operations_ CommandLine T2 17 C|H

O|X| OpenOCD 5! gdb & AME3}0] CtE T2 & (AL_Operations_CommandLine)2 C|H A dl=
S HoF L Lt

7. OpenOCD HZAZ EO| ELICt (5 BHA EX).

8. AUlo] 2AZQ CtE HOIE (6 THANIA)OAM ChaS Y=stol BUl 2SS SRYLCL

9. xl-%/lgaod §o| I st E| .LLEK‘"E E|E4|EE|§ H:i7=|o|-[_||:|-.

D O d

cd ../../AL Operations/commandLine

DI
o

Of CIHMEZ|MM &2, &3 A3 EE, oM A3 EE 8l AL Operations.S Z2 11
At Lst7| 2|3t Makefile 2 &2 &= UASLICH
10. elf TS HEFLCE

make clean
make AL Operations.elf

11. O3 Ch50| HO|20|M 22 Y35t gdb & AIRFRILICEH
riscv32-unknown-elf-gdb AL Operations.elf
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12. gdb 20| CtES LHSLICE
target remote localhost:3333
load

0|42 OpenOCD O HZ K| AL_Operations.elf ZE1MZ HZ2|0 EEgL|C}

13.0|M| =2 WS CIHIOEY 5= YASLICE OIS =AM E Yl EHE EMSIUAIL.
i disas 0,20
O|HE FA 00|A 20 7HX|Q| OjMIE2| AEE HOIELCH (T4 20 M Q). (A3 93)

(gdb) disas 0,20

Dump of assembler code from Ox0 to 0x14:

=> _start+06>: 1y 3.6
REPEAT+0>: addi £3,£3.6

EAT+4>: addi 3.3 -1

\T+8>: andi t3,t3.3

EAT+12>: beqz zero,0x4 <REPEAT>

End ofassembler dump.

a3 93. ojdE2 Z2aMET|

ii. i r t3

Ol A2 BXIAH 32| LHE

2 HAGLICL Es O 2 HE S g8d = ASLH T
info reg t3. (A& 94 &X)
(gdb) 1 r t3
t3 Ox0 0
O3 94. YIX|AEH 30 =g E ZF A

ili. i r pc
Z238 72H (o2l W8S BAZLC A 95 BX)

(gdb) 1 r pc
DC Ox0 <

1% 05 X WA HHUO|E Jt27|E HX|IAE pc ol ZaE gt oI

iV. stepi
ir t3
stepi
ir t3
stepi
ir t3
stepi
ir t3
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a3 96. 62| YOS StLIY HAStN €3 Y XA T

Cld W Z2 3 EPM3 OHX| 1 gdb & AHESH0] S5t gdb EO|'E0f| quit & 2 & 5t0
gdb € 323511 OpenOCD HOZ0| ~AC E YHE OpenOCD & ZETHLILCL

lll.  Verilator & AI238}0{ RVfpgSim OA =217 A|F2j0]M

1. Ubuntu O A EOJ2S ELIC}

2. HOE oM L5 E=S 2

=3
o=

o°=*

StO| AlZ20[H HiO|H2|E & detLtt

cd [RVfpgaPath]/RVfpga/verilatorSIM
make clean
make

ot Vrvipgasim (RVfpgaSim A|Z20|M HIO|H2|)2 /RVipgaPath]/RVioga/ verilatorSIM
ClHE2| Liof 4-dxofoF gLt

3. Oj% mzao| eE E0i2 oSt
cd [RVfpgaPath]/RVfpga/examples/AL Operations/commandLine

4. A2 0|49 16 T+ Z2 S ThEH L
make clean
make AL Operations.elf
make AL Operations.bin
make AL Operations.vh

5. AZ20|EHE gLt
./../../verilatorSIM/Vrvfpgasim
+ram _init file=AL Operations.vh +vcd=1l

®H = = HOJEO ACE YEBHA AlZd|0|dS SAIYLCE traceved THEO0| 4 JE T
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GTKWave 2 € = UFLIC
gtkwave trace.vcd

6. =0 M=E F75tn Mot E MM 7 9 8-12 EHAOf MSE XHS HEMYAL.

AT

IV. Whisper OflA| =27 A|Z2f0|M
1. Ubuntu A E{O]2g &L|Ct.

2. OM ==a#0o| =etE EHZ o|FgL Ch:
cd [RVfpgaPath] /RVfpga/examples/AL Operations/commandLine

3. Disassembly Z21H# 2 BHEL|CH
make AL Operations.dis

4. HEI|NXM AL Operations.dis € GLICE 0|42 TAI0| Elopg 24 YL|Cf:

< _start>:
0: 00000el3 1i t3,0
<REPEAT>:
4: 006e0el3 addi t3,t3,6
8: fffelel3 addi t3,t3,-1
c: 003e7el3 andi t3,t3,3
10: £e000ae3 begz zero,4 <REPEAT>
14: 00000013 nop

5. st g 2ZEO|M AlZ2 0l E 2dgLot
whisper --interactive AL Operations.elf

6. ZZIYUS CIHIAYLCL

whisper> step
#1 0 00000000 00000el3 r 1c 00000000 addi %28, x0, 0x0

whisper> peek r x28
0x00000000

whisper> step
#2 0 00000004 006e0el3 r 1c 00000006 addi %28, 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
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B & B : PlatformlO & AF25}7| {15l Windows 0| E2{0|H A X]

Zadig &

0%
_l'—"_|
noe
njo
il
Ho
HU
N
Ot
i
rg
il
lo
[
>
o
|m
HU
o
ot
Ot
10
>
to
]
g
O
\l
2t
s

https://zadig.akeo.ie/

B Inbox (12 B RISC-VG ) Docume Downloa B Notepad 4+ = O X
C ® (OR“Whttps://zadig.akeo.ie yin@o & =

Driver WinUSB (v6.1.7600.16385) @) WinUSB (v6.1.7600.16385) = More Information
WinUSB (ibusb-1.0)

USBID 04D8 FAXE libusb-win32
>—5 Reinstall WCID Driver |V libusbK
wcs f winuss WinUSB (Mirosoft)
t

|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.

1% 97. PlatformlO 0| A| A83}= Nexys A7 HE E2t0|H HX]

5 £ Z&ls A ot =2
2.5.exe)2 AHAMBLICE AIE O 70| zadig E &S0 ¥2 == JESL|CH Zadig 7t BZFHE
¥

BAE AYLICE OE &

—

Nexys A7 EEE HAFEHO| HAstD MYUS ALICt Zadig Ol A Options — List All Devices &
SO (3 98 HX).
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K&l Zadig - X
Device Options Help

List All Devices

Ignore Hubs or Composite Parents v Edit

~ Create a Catalog File
. More Information

Driver ¢ Sign Catalog & Install Autogenerated Certificate 2
¥ 2 2 WInUSB (ibush)
USB Tl Advanced Mode ibysb-win32
: libusbK
wep o9 Vb : WinUSB (Mcrosoft)

0 devices found.

178l 98. Zadig o] 2 E TX| Lt

EE L2 U= 2= o2 Digilent USB FX| (2E{H O]~ 0) & Digilent USB EA| (2AE{H| O] A 1)7F
Lt LIC}. Digilent USB X[ (AEHH[O[2 0) TE A E2H0|HE AX|gLCH (A 99 F=).

L Zadig - X
Device QOptions Help

Digilent USB Device (Interface 0) v [[JEdit

Digilent USB Device (Interface 1)
Intel(R) Wireless Bluetooth(R)
Integrated Webcam (Interface 0)
Goodix Fingerprint Device (Interface 0)
Lenovo Optical USB Mouse

, Replace Driver ﬁ' TBusBK
WCID = B] WinUSB (Microsoft)

6 devices found.

A& 99. Digilent USB HX| (2AE{T{|0] £ 0) & WinUSB E&2}0[H ZX]

O|X 2@ 100 o+ 20| FTDI E2}0|HE WinUSB E2t0|H{ 2 WX EtL|Ct. Digilent USB & K|
(A EHH O£ 0)0f CiEt E2H0|H WX (E= E2t0|H HX)E SYLIC Nexys A7 EE &
E2tO|HE HX|StALL OO0 Vivado & HX|3H Z2 Vivado O|A At&3St= FTDI E2IO|HE
PlatformlO 0| A AF23H= WinUSB E2+0|H 2 WA gL Cf,
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L Zadig — X

Device Options Help

Digilent USB Device (Interface 0) v | [CJEdit
Driver | FTDIBUS (v2.12.28.0) ‘ @) | WinUSB (v6. 1.7600. 16385) More Information
WinUSB (libusb)
USB ID | 0403 H 6010 H 00 | libusb-win32
= Replace Driver v libusbK
wcID = E WinUSB (Microsoft

6 devices found.

13 100. Nexys A7 EE & E210|H uH|

dlo

H 2 £ Zadig = E2IO|H7 SHIEA X EASS BAILLICE 7|5 S8/ O
C

L2 0l PlatformlO £ AtEY M= =2t0|HE CHA| 2Xg Ea 7t &L 2Lt o] EEto|H =
Windows 2| Vivado & 2 2t&|X| @& LICE M2t O O] Vivado & AFESHY FPGA EEOf HIE
oY S CIREEY 4= QELICE Vivado & A28 HIE MY 2 CtR2EZEStHH (BESHX] &S)
EEpo| d¥E 2 E210|HE Vivado 2F 31 AX|E A2f E2I0|HE Z[Z2{0f gL|Ct.
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HE C: Windows 0| Verilator % GTKWave A X]|

O] MM0j A= Windows 10 Of Verilator 5 GTKWave & & X|st= WS HYTtL|CH
Windows O Al-= Cygwin & AFE310] Verilator & A X[3lj0F o2 HX O] T2 2 U/ /2ELY

sgds dxots dys 2L UL

Cygwin HX|:

& H 0| X| (https://www.cygwin.com)Ofl A EE=l CHZE Cygwin 2 Linux H{ZEtF | AFSH Windows Off A
7168 M3Ed%t= GNU & E 22 =72 FE LT Windows 10 O Cygwin & EX[5t3{H CHa
CHAE MEHAIR.

1. AX| g HO|X| (https://cygwin.com/install.html) 2 O| S5t setup-x86_64.exe Bt= AX| LS
Cr2z gt o (38 101).

C Cygwin Installation x |+
< O @ & https;//cygwin.com/install.htm

C i
Get that Linux feeling - on Windows

Installing and Updating Cygwin Packages

Installing and Updating Cygwin for 64-bit versions of Windows

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

Installing and Updating Cygwin for 32-bit versions of Windows

Run setup-x86_ exe any time you want to update or install a Cygwin package for 32-bit windows. Ths
Signing key transition

The key used to sign setup binaries has been updated. During the transition period. signatures are me

See this mail for more details.

General installation notes

33 101. Cygwin EX| ¢ 50| X]|

2. HWRHOM 2X mteds & H SO LdALITH (A’ 102). 7|2 82 RAGIEM CHE2
oz #H SELICY 2X 222 O22E A0|EE MEfstats HAIXIE BEAIRHC (OE
103). A3 StLIE WEE = ASHCH
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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 large 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/

CHAE A T7|X| &

3. H
MESHAUA |2

User URL:

< Back Next > Cancel
a2 102. Cygwin AX| &
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 (e
Awvailable Download Sites:
http://mirmors. 163.com A

hitps: / fmimors. 16 163.com

Win.mirmor.constant.com
http://cygwin mimors hoobly com
http://mirmors koehn.com
hitps://mirrors koehn.com
http://mimars metapeer com
https://www singleboersen com
http -/ /mimor team-cymmn com
ftp://mimors xmission com
hittp ./ /mirmors xmission.com
https://mirars xmission com "

U |

cmmm ..

| Add

< Back Next > Cancel

103. C}2 2 E AIO|E MEH

VB o =ERLICH (A 104). 2E 104 O EAIE 12 MM EIIE
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E Cygwin Setup - Select Packages - [m| X
Select Packages
Select packages to install
View |Category ~ | Search Clear (O Keep (@) Best O&me  []Test
Curent  New Sc? Categories Size Description ‘
Default b

< >

Hide obsolete packages
< Back Next = Cancel

a8 104. 7| X] M=

Xgh & = HH m7|X| SZ0| LIEFELICE (O 105). HM SXtof M 2X|g 8 oi7|X| €
ENSHL|C}

1

> nx
II

E Cygwin Setup - Select Packages - O x

Select Packages
Select packages to install

View | Ful ~ | N Search I:I Clear (OKeep @ Best (OSmc [Test

Package Curent New Src? Categories Size Description ‘ ~

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

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

2048t Skip hd Games 137k 2048 game for Gt/KDE

2048qt-debugirfo Skip - Debug 2,25% Debug info for 2048t

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

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

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

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

Clint-debuginfo Skip - Debug 76k Debuginfo for Clnit

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

GConf2 Skip hd GNOME 307% GNOME corfiguration database system

GConf2-debugirfo Skip hd Debug 67! Debug info for GConf2

GeolP Skip hd Net 31k GeolP C library

GeolPdatabase Skip - Net 24604k GeolP Lite free) databases

GeolP-debuginfo Skip - Debug 118  Debug info for GeolP

GraphicsMagick Skip hd Graphics 88% GraphicsMagick library

GraphicsMagick-debuginfo Skip - Debug 4095%  Debug info for GraphicsMagick

ImageMagick Skip - Graphics 102 Image processing suite {Utilities)

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

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

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

ORBit2debuginfo Skip - Debug 802 Debug info for ORBIt2

OpenCalarll Skip - Graphics 94k Color management for computer animation

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

OpenColorlO-doc Skip hd Graphics 746k  Color management for computer animation

OpenSP Skip - Text 314k  SGML parser utities

OpenSP-debuginfo Skip «| ] Debug 442% Debug info for OpenSP

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

R-debuginfo Skip hd Debug 6,736k Debuginfo for 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 hd ; Debug 253 Debug info for SDL2_image v

i o _ mo P PP R s
Hide obsolete packages

< Back Next > Cancel

A% 105. 7| x| ME & - HHET|
Verilator & I3t M A|220[H BIO|HZ|E 4-g5t2{® Chg 7| XS X[ 0F &L Ct.
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- git

- make

- autoconf

- gcc-core

- gcc-gt+t

- flex

- bison

- perl

- libargp-devel

Cygwin 2X|0f %23 O|2{gh Tj7|X| S ZetotyAlR. Of2f THAIOf et LY MEfSHLCH (522
AW 7| X2 git Off CHeh M5 AT BAIRLICH Z2 M2 COHE 7| X|0f CisiM =
S,

- M MXOM git Ti7|X[E &#ELICHAE 106).

E Cygwin Setup - Select Packages

Select Packages
Select packages to install

.l

Package Current Mew £
cgit Skip '| I
cgit-debuginfo Skip 'l l
engauge-digitizer Skip '| l
engauge-digitizer-debuginfo Skip 'l l
geanyplugine-git-changebar Skip '| l
girepository-Gait1.0 Skip 'l l

I = W - (N
git-archive-all SkID '! !

a3 106. git 7|X| &7

- EE 02 HiwoAM 2 HES dEstn §XE dEfgtLth (3 F 107).

ey g G g o R L L LR L L N T A AL

66 GObject interface to libgt2

Distributed version cortrol system

girepository-Ggit 1.0

git-archive-all 14k Git archive with submodules support
1 4RLE ML
- 91 2=0| Lio{x| H7|X|0f Chol SUH XS SuLICH

5. 97 7|XE MY Chg oM CfZS S =S Cygwin 2X|0f O]2{3 I{7|X| &
2, 8108 Hx R 2 = 28 5 UB) Finish & 2N 2X| &

EoStn (AX| Z2A|
et otL|Ct (33 109).
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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 =
13 108. Cygwin &7

E Cygwin Setup - Installation Status and Create lcons - O X
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
a3 109. 24 &=

6. Cygwin 2X|0f Ij7|X|E F7}8H0f ot= B-F il 7| X0l CHaH 2-5 EHA S Er=stY Al 2.

[ |

Verilator %] :

Windows 10 0| Verilator & 2 X|5l2{H CtS CHAE [EA AL,

1. Windows HFEf StHO[LE A|ZF O 70 M AHEER = = Cygwin HO'E (22 110)=2 ELICH
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a3 110. Cygwin E{O|'d

FAO 2} Verilator & R =5 EXILICH ARE =00 w2t R AlZto] Z2E

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

git pull

git checkout v4.106

autoconft

./configure

make install

GTKWave A& X] :

GTKWave = https://sourceforge.net/projects/gtkwave/files/Of| A O|2| Ao L =l 7| X| 2

&= AELC Z[4 Windows TH7|X| (O] 2M 2d GA|0|l= gtkwave-3.3.100-bin-

NOtM C22E5td g5s S OF (Y% 3iA). 0 bin 2H0f gtkwave 2t

( =
T A20, Windows A|2E0|A] 2&SID ALES = ASLICH
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@ imagination
university programme
HE D : macOS 0 Verilator % GTKWave %]

O] M M0l A= macOS Ofl Verilator % GTKWave & HX|6t= &g dHe L CH X2 macOS
Catalina 10.15.6 Ol A HIAE Z[AX|TF CHE HTO| OS MM E AtE5e A2 o & E LT}
Homebrew (https://brew.sh/) TH7|X| &t2|X}7F AX|0| AR & L|CE macOS O|M E2| At8k[= CHE
I§7|X| 22| Xt2l MacPorts (https://www.macports.org/)HA = QASH CHAIE RS £ QEL|Ct

gcc 24X :

Verilator & AF&3I0] M A|Z2|0|E{E LESt B A|A”0 HIHY Y =7 K2lS ZXISH0F gLt
waot doEd = 258 2Rt o= o 7HX|7t ASLILE OfHol M = ZHXIE
ol g efLLt.

1. XCode FHE =& EXIZLCL O|ZASHH LLVM O] EX|Z[X[2, X =0 gcc FBS
M8 4= ASLICE O|F Aot B HO|E §0f T2 S YA

"= xcode-select -install

2. Homebrew & AFESL0 gec B AX|ZL|CE O BHOE AFESHUAIL.

o brew install gcc@9
Verilator &%] :

Homebrew 2+ 24| Verilator & 2X|5t= A2 €&l HO|20 Ctg F¥ = Y=ot

o H =
ZherstLct,

rr
Pt}
o
o

» brew install verilator

gtkwave H%] :

CHAl 3t B Homebrew & AFE3H0] gtkwave & A X|SFL|C} SHX|2F O H0fl = GUI macOS
Of Z2[#H0|M0|7| 20l cask E AFESHOF 2LICH 2l KO0 Ch2 FHS YHSUAIR.

o

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

“XI = gtkwave.app OtO| 20| Application EE0f LIEHHLICE FE Z0|A] AAESHEH Perl 2
29X 2= EX8H0F & = AL

=

» cpan install Switch
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& E: Vivado & AF85l0| FPGA 0f| RVfpgaNexys CI2E2E

Vivado & A&3}0] RVfpgaNexys 2 FPGA & Z2 2 Usta{® O THAE MEUAL.

WINDOWS: Ct2 CHAE £=3l35t7| FOf| Windows O|A] O] £29| Zof| A¥E= 2 =20|HE

Vivado 7t AtE3t= EEI0|HE E[Z2{0f StL|CH (B Z E).
a. Nexys A7 HEEE ZFHO| @t
b. {IF M| ARIX|E AFESI0] Nexys A7 EEE ZALCH
c. Vivado 20192 £ gL C}.
d. Vivado O] A AI2E = 30 8 111 0A ZXE BEA|Z SIEQ|0 E|XHE LTt
VIVADO'!

HLx Editions

Quick Start

Create Project >
Open Project >
Open Example Project >

Tasks

Manage IP >

'

Xilinx Tcl Store > N
W

Learning Center

Documentation and Tutorials >
Quick Take Videos > =
Release Notes Guide > 3

a8 111. StESOf 22X} €]

e. SLEQIOl #E|Xt7t a2l EHJUE 6+E$J|01 CHAO| a2 YeHELICL Lfd &7/
( [Tt (E 112).

N~
O T
R
Uy
Eﬁa
JE
Ot
2
i}
o: “
mjo
e M
=

(Open target) — Auto connect (4

File Edit Tools Reports ~ Window  Layout Wiew Help
=, %

HARDWARE MANAGER - unconnected

@ Mo hardware target is upsn.

Hardware ? 00X

=

33 112. Open target

f. 2 113 2t Z0| Program device & M E#SL|C}. O[X| RVfpgaNexys € FPGA Of
-

1
2EBLCH M BOA /RVipgaPathj/RVioga/src/rvfoganexys.bit Ol A Bitstream Lt Y2
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Sk O E.
A EHSH | |- i = K= EI I.AI |
MEELIC Z2OYg S2SHAIL.
Elle Edit Flow Tools Repgrts Window Layout View Help Q ss
& « » B - ¥ Dashboard -
Flow Navigator BRI HARDWARE MANAGER - localhost liny_tcf/Digilent/21 0292AD2FAFA
+ PROJECT MANAGER @ There are no debug cores] Program device JRefresh device
£ settings
Hardware 2 _Doox
Add Sources
Q T # &
Language Templates
Name Status
F 1P Catalog ~ ¥ localhost (1 Connected
~ B¢ xiinx_tcfiDigilent/2102824D21 Open
[P INTEGRATOR ~ @ xc7al00t_0 (1) Programmec
Create Block Design XADC (System Monitor)

Program Device (<]

v SIMULATION Select a bitstream programming file and download it to your hardware device. You
fun Simulation can optionally select a debug probes file that corresponds to the debug cores Pl
a 5 contained in the bitstream programming fle.

v RTL ANALYSIS

Hardware Device Properties 2 _ [ [4 X

» Open Elaborated Design I Bitstream file: dchaver/Rvipaaiproject_Liproject_Lrunsfimpl_1/rpgadbt | [--||

@ xc7a100t_0
Debug probes file:

v SYNTHESIS

Name: xc7a100t 0 &) Enable end of startup check
» Run Synthesis oot 7100t
> Open Synthesized Design o codes 13531085
v IMPLEMENTATION R length: & ®
P Run Implementation Status: Programmed
» Open mplemented Design Programming file: ~t_Liproject_1.runs/impl_1/ng

2 113, T2 FHK|

g ® X 2 FPGA = FPGA & &2 25}= SweRVolfX SoC 2! RvfpgaNexys £
T2y E.'thf 1%! 25 %5* ).
= 25t

E
6}5%“01 e XE TBHEL tr (22 114). :LE1EI Vivado 7r HEE of{AgLct

Ele Edt Joos Repgts W
5+ ]
HARDWARE MANAGER - (o2

© Thers are 1 debug cores. #

a8 114. StEHI0f 22| X} B 7|

Windows 0|A{ Vivado 7| A&5t= E2IO|HE E| =2 = W

=S| = Windows 0| A Nexys A7 FPGA EE & E2}0|H & Vivado 2} PlatformlO 0| A{ CHE L|Ct.
0] GSG 2| MM 5. A0 MHE 2 FPGA & =22 U3}7| 28l PlatformlO S AL23I= Z10]|
F&LICL O2{L Vivado E AHES10] HIE IiYS CIR2ELESHE 25 B oM X3t E2I0|HE
Nexys A7 FPGA E.E & Vivado (FTDI) E2t0|H{Z £|Z2{0f gL|Ct O & A ste{™ AR '+
S 2ot AM MXol| K| HE|XHE YA CHS YA HE|AHE 2SI FX| E2|XHE GLch

[ =2 =2 71
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Al Apps
Best match
T2 o . 5=
Settings .

Device Manager

W Device security > Contral panel
W Device performance & health >
@ Device specifications > 7 Open
% Device encryption settings >
5§ Bluetooth and other devices settings >
©h Printers & scanners >
A Find My Device >

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

Apps (4)

|/O devicel ! |
a3 115, A 22| X €|

CHSOE ¥ N3 A FAS HHSHD Digilent USB HAIS 0t~ Q2% Chxz 223 3
S48 MYBLC A 116 ¥F)
screen 80% hnd

A Device Manager
File Action View Help
e« T E HE B BXE
0 Bluetcoth
@ Cameras
= Computer
== Disk drives
& Display adapters
I Firmware
# Human Interface Devices
=2 Keyboards
.1 Memory technology devices
U Mice and other pointing devices
B Monitors
& Network adapters
W Ports (COM & LPT)
= Print queues
u Processors
7 Security devices
l‘ Software components
B Software devices
i Sound, video and game controllers

9" Storage controllers
= System devices
¥ Universal Serial Bus controllers
@ Universal Serial Bus devices
¥ Digilent USB Device
¥ USB Connector Manage Update driver

<

Disable device

Opens property sheet for the currer Uninstall device

Scan for hardware changes
Properties

1% 116. Digilent 2] Nexys A7 FPGA E E0]

Ciet 2 E E8to|H £

&4 FO| A S2tolb] Y2 22Ystn Setols 2 MEFLCH Y 117 &X),
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Digilent USB Device Properties X
General Dnver Details Events
- Digilent USB Device
Driver Provider: libwdi
Driver Date: 8/9/2018

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

autogenerated)
Driver Details View details about the installed driver files.
Update Driver Update the driver for this device.

the device fails after updating the driver, roll

B2 EEE B kack 1o the previously installed driver.

Disable Device Disable the device.

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

Cancel

OK
1%l 117. E2l0|H SuH

E2lO|HE SY5tE O|RE =& 0| LEHHLICE O|R & MH5tD o S LCH (A 118

Driver Package rollback

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

Rolling back to older drivers may reduce the functionality or security of

your device. If this doesn't resolve the issues you're having with your

device, visit the manufacturer's website to determine if updated drivers
are available.

Why are you rolling back?

® My apps don't work with this driver |

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

O For another reason

Tell us more

o [ w ]
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E2to|Hf7t O] ECIOIHZ &|Z0t 7tH E2t0|H SgAt7F FTDI 2 LB E|0fof LT (A& 119

I-_DIC_)

o>

USB Serial Converter A Properties X
General Driver Details Events

o USB Sernal Converter A

Driver Provider: FTDI

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

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

back to the previously installed driver.

Disable Device Disable the device.

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

Close Cancel

a8 119. S E E2(0|HE BA|E FTDI E20|H

O|H| Vivado & A3l FPGA EEO| HE IS 2EY 5 UAELICE Lt T Y| Zadig E
AHE3H0 Nexys A7 EE2| E2IO|HE wX|3HOF PlatformlO 7t ZE 12 S RVfpgaNexys O
OREEd = ASELUCH M2tM Vivado E AH83St= T4l PlatformlO & AHE3I0 HIE IS
CH2 2 E5t= A0 ZELILE O|EASHH AL EOIHE UMY ER7t Y&
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HE F: MUS 10T HEZ2|AI0| M0IM RVfpga AHE

2020 A 7 & University Complutense of Madrid 2| A At 1t &4 Q1 Daniel Ledn Gonzélez &

"MALE |oT & QI8 ad-hoc RISC-V A|AE 2 EIO| FPGA 73"0|2t= SS9 MAI =28
WS LCH o Y2 AN LMEE 1oT OfZE|AH 0|0 A RVfpga E AtE5Sts HEES E0{ZLCH
2= ot ZEHME £ES MSotH M =22 CHE0M 2 = JASLICH

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.

>
1%
ol
)

T E%I8t ad-hoc RISC-V A|AH 2 Ho| FPGA 7+

22 loT & L& K= o|HX|7l 28X0|1 H8= 2EX0|0{0F S}X|TF 2 ALIZ|0|M =2
AR 450 2as5tX| gLt Ol= 2 MA 281t e £ o OHETL O B2 X2
SHE ZRESHE MY loT SN IA HatdLC 28Xl ZEMAMet nds X 7|50
7153 28 HHE AM8Ste XEY /Y LE= O|3ot @7 Afge S X1 FH 9
LSE2ME HIY 4= YSLICL O] ZREME = RISC-V ZEMAM OF7|HINE 7|Hto 2 ot T2 & EY
loT ' E2| Artix-7 FPGA & AL83t0] StEY0] S CHELICE O] ZEME = TR XHEY

SoC 2t custom border router 9| star network Off HHIZE|= 7id 3Y O Z2|#H0|M S X|st=

O 2R%t Zephyr OS E2I0|H Q| JfEE HO|FLCt.

= E2} ThingSpeak 222 E EE AIO|0A BT HIAIX|E B &S = ASL|CL O]
=20&= 7|2 RISC-V ZENAM 73 EM T4 Q4 MY ot 7 9 Z2HE M7of Cfst
XpMIgE 7HO|E7F =Rt E L

|
A
S
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