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H 1. RVfpga 0]

Name Description
Courses

RVfpga RVfpgaNexys % RVfpgaSim, RISC-V SoC(System-on-Chip)& AtE5I0] T2 IS
WSt T FXE FI160 A|AES 2SI (RVpga Labs 1-10), A|=2{ 0] A,
Y =Tt A O 22 A" =T(RVipga Labs 11-20)2 H45t0] [0 A
HZe| A|AHES BASE WS B0 = PG QLT 28 T8 2N AME A=
RISC-V X (ALt & LI ) 8L A[Z2{|0|E], Verilator HDL A|Z2i|O[ & S
Western Digital 2| Whisper 0] M E A|=2{|0|E{(ISS)E AtE5t= HHE

2o FLC

RVfpga-SoC | swerv 20f, B 22| 3 FH HX|Qt 22 LY S22 AR50 XS5 E| SweRVolfx
SoC 9| ¢t eSS T&HSte YHE EoF = WY YLICH Of T2 ETH Zephyr

HAIZt 2F M (RTOS)E SweRVolf 0 =8t 2F MK 4 THOf| A Tensorflow

Lite ©| hello world Of| M| & Z&tst T2 IS M3lists 9 S HO|FLICH

SweRV EH1 Western Digital Of| A 7ot @ & A4 4-& RISC-V 20
Core (https://github.com/chipsalliance/Cores-SweRV).

SweRVEHL | z7t5l o= 2|(ccM, DCCM 2 H & 7HAl), Z212jY 753t QIE-E
Core Complex | o1 e 2 aypic), 4~ QIE|H0|~ U C|# 1 BX|7} 9= SweRV EHL 20]
(https://github.com/chipsalliance/Cores-SweRV).

SweRVolfX RVfpga 2HH 0| A AtE35}= System on Chip 2 2 SweRVolf 2| 2 LT},

SweRVolf (https://github.com/chipsalliance/Cores-SweRVolf): SweRV EH1 Core
Complex & 7|HtO 2 P=52 QE A A SoC Y L|C} boot ROM, UART QIE{H{|O| A
AMAR HEZER, 4= AZ(AXI Interconnect, Wishbone Interconnect X AXI-to-
Wishbone E2|X|) 8 sSpI HEE3 & F7t8tL|C.

SweRVolfX: SweRVolf O GPIO, PTC, 37} SPI X 8 A}2| 7-M|AHE C|AZg0]
HEEY, 47HX| MER ¥ X[ E =7t Lt

RVfpgaNexys | Nexys A7 EE 9 i 2K
QIE{H|O|A CDC(EE O

dg7|18 =7ttt

£ A2 Z Sl= SweRVolfX SoC & L|C}. DDR2
Ol WX} &X|, BSCAN ZX(JTAG QHIO|AE) U 25

RVfpgaNexys = SweRVolf Nexys(https:/github.com/chipsalliance/Cores-SweRVolf) 2f
& LSHX| 2 SweRVolf Nexys & SweRVolf £ 7|HtO 2 gHL|C},
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RVfpgaSim A E20|ME 2/t HIAE HIX| 2)H(wrapper) X AXI H 2 2|7} = SweRVolfX SoC
LICF

RVfpgaSim 2 SweRVolf Sim(https:/github.com/chipsalliance/Cores-SweRVolf) 1t
& YSHX|2H SweRVolf Sim = SweRVolf £ 7|8t 2 BfL|C},

1. 274

O] &0 A& SweRVolf & XS] A StL|CEH EESH FuseSoC € 2751 O] & AHESHO
SweRVolf & 2 Egl= 2H S H 0o & L|C(https://github.com/chipsalliance/Cores-SweRVolf/).
A& 1(Lab 1) A& 7| 2EO| Verilog/SystemVerilog 2 2 d & A& LICH 2= 0| ZES

A Z35H] vivado 2| Block Design Tool 2 AHE 510 SweRVolfx 2| o2 g2 a3 & L CH LEt
AAA Ol CIXIO| = BE2 HASHE A|ZA HH2 AHESHLE H =S Verilog/SystemVerilog

ACE AR} TRl Lt

25 Cixle| BH 25 470l By
O[5t #l= BRAMOHE = US

o>
[
rx

Learning curve (2 Ecosystem 0| 2. (Vivado Block Design)

SN ZES MoNQ Yoz At ETE YO 0|E5HH A| AR & E
U L. UF LT
FPGA £

=
=
CEEEES

A& L|CH
MZ=E 8l soCc € O/ ZHSIAHLLH 2
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LICt. SweRVolf = FuseSoC("

dlC|
=2 o

[

FuseSoC 2 E A|AHIS 7

Verilator 2 E}Z

(SoC+Interconnect+CPU+Peripheral) &

20 ofA L

=]

L|Ct. SweRV CPU 20§
AA BIO|MA R ZA|SH

*"2 O17:| |:|| 7|Ef

2 Olof Kindgrengns

L (SoC+interconnect+CPU+Peripheral)0f 2&-& 7HX| X| 2t
IEI5}7| fot 2fHE A& LICE.

AHESHX|BE F=H 7| 7|7} CHE
S| O},

E(SoC+Interconnect+CPU+Peripheral) 2 % 15}
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Ct. FuseSoC 2| "SweRVolf"

0] &0 ME FuseSoC L0 A SweRVolf o 21E HHE S Mm{EAESL|
St CHAY EXLE 20 FLILCT

2to[= 22| & F7tot oS AlE2foj 8t EE 7 B
18 OFS SweRVolf O A Ol X =235 AlStL Tt

2. 27

O| &S 225t H OIS =75 HAX||{OF gL},
e Vivado 2019.2 Web Pack (A X|7}0| £ (04 I|O| X|) Atx)
e Verilator (V4.106) (EX|7}0| = (08 H|O| X|) & =)
e GTKWave (& X|7+0| £ (08 H|O| X|) &t =)
e FuseSoC (& X|7}0| £ (09 H|O| X|) &tx)

e OpenOCD (RISC-V-specific version) (& X|7t0| £(09 H| 0| X|) & x)

IZI

=8 RVfpga-SoC A& S8 Al&St7| H0|| Rvipga-SoC AX| 7I0|EE 2t238t= 0| EELLCE

0| £ =01, OF2 A X|SIX| U ULCHH RVipga-SoC & X| 7HO0|=2| X| & 0 2} Verilator 2+ Xilinx 2|
Vivado £ H K|St A| 2. Imagination 2| Cig T2 A (UP)M|A CHR 2 E$ RVipga-SoC EHE
ZFHO SARHE=X] =QlghL|Ct

AT

h i}
5
J
r
r
[

3. FuseSoC &?

FuseSoC = =4 Z=0f YLt= 07| X| 22| X0| 0, HDL(Hardware Description Language) ZE&
YESH= E MEQULCEL F2 SX2 IP(XH M itdH) 20{Q| THALE S 52|11 SoC £ M2 4

= S A28 0|95t A YLD,

FuseSoC 2| 7|2 AEE[= 2O YLICE B0j= 22 L= B4 ?IX0|A] FuseSoC 17| X| 22| X}0f
=1

Ol HME|D LE AL”Of o5l T St=o EA 2 2o E = ASH L

FuseSoC O£ HIEA| Z2 MY TR & UX|T FIFO P I Z0| FE|Ho2 Ain Zetx|n
AR 75t 1P f&2 Y LICH FuseSoC = O| & 7| X[t & LT} CHE A|A RO M= O] 2{3t
WAL 7Hs 3t S0 22te mEO|2t T St ct

FuseSoC Of CHt XtA|2E L& 2
https://fusesoc.readthedocs.io/en/latest/user/overview.html#understanding-fusesoc | A A HME

ge  ASHO

FuseSoC = "SweRVolf'(SweRV RISC-V Z0{-& FuseSoC 7|8 SoC)E 2}0|E2{ 2|0 T{7|X| =
&L C} FuseSoC £ AF2310] "swervolf' 2t0| 22| E F7}st L2 "sim"(A| &2 0| M) E=
"Nexys_a7"(2E)It 22 S Cf 4ol sl L= 4 AULct

Imagination University Programme — RVfpga-SoC Lab 3: Introduction to SweRVolf and FuseSoC
Version 1.0 — 15th July 2021

© Copyright Imagination Technologies 5


https://fusesoc.readthedocs.io/en/latest/user/overview.html#understanding-fusesoc

Imagination
university programme

4. SweRVolf : SweRV Ehl € FuseSoC 7|t SoC

SweRVolf & SweRV RISC-V 20{-8 FuseSoC 7| SoC & L|Ct. SweRVolf & Al 22| 0| &Lt
FPGA EEO|M RISC-V &t HAE, Zephyr OS EE= 7|E AZEQ| O E £

UAELICE FuseSoC = 0|4 d, &&d B ALE 8012 XSt FMA7|= A2 FHE
LT SweRV AFEXIZ7F AT EQIOE HEH T 4= JEE 5t2{H SoC E 0| XA

=
8oL A B EK[0f o] A”t &~ UAFLICE

18 12 sweRVolf 2| &9 =& =5 Ct0|0] 0 S 2 FLICt.

«—DMI SuweRY Core.

e

AX] interconnect

—

AXI

R

Wishbone interconnect

—

Boot

ROM UART

SPI GPIO UART

v o v
2! 1. SweRVolf 30

SweRVolf 2| Z0{= Boot ROM O] = SweRV CPU, AXl4 4% ¥4 UART, SPI, RISC-V EIO|{ B!
GPIO 2 T8 ELICH 20{&= RAM 2 Z2tohX| X2 CiA CHa E7 e 7t M A 22|
HEZEZ O HZS M2 HAE NSTLICHL CHE 9 AZZ2= 23, 2|, UART, GPIO, SPI &
DMI(E|H O 2& QI 0| A)7F A& LI,
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H 4 £ Wishbone 2IEH{ZHHE Sl AX| QIHHYUE S S5 SweRV EH1 Z0{0f| HZEl T X9
M2zl fEE FAE NS

—

¥ 4. SweRVolf 2 MEMORY-MAPPED F&

System | Address
RAM 0x00000000-0x07FFFFFF
Boot ROM 0x80000000-0x80000FFF
System Controller 0x80001000-0x80001FFF
UART 0x80002000-0x80002FFF
GPIO 0x80001010-0x80001013

A& 2 9| SystemVerilog 2 & RVfpgaSim X RVfpgaNexys 2 FAHSHA SweRVolf & SweRVolf 2| &
7kX| {2l Al B2 0] M-8 SweRVolf Sim 2t Digilent Nexys A7 2 E-& SweRVolf Nexys =
XN3ghL Cf.

1. SweRVolf A|E|0]d
SweRVolf Sim 2 Verilator &£+ QuestaSim 1f 22 7|E} O|HIE 1.5 A Z2{|O|H 0| A AtES
H|AEHIX[0 SweRVolf 20{E 2| W5t= A|=2f 0| CHA AL|CH SweRV ZEM A O|M HAE|=

o d
Z2 WS st AN AL A=Y 0| M0 AHES = JAELICH ESH OpenOCD & JTAG VPI £
SoHCHA AZ 2 XL CHOE 2 &=X).

JTAG VP

AXI

DMI SweRVolf core Memory

WTdpper

[
UART GCPIO

UART GPIO
decoder decoder

12 2. SweRVolf A|E2j|0|M

2. SweRVolf Nexys

SweRVolf Nexys += Digilent Nexys A7 HEEZ [fA 2 2 $}= SweRVolf SoC & Y L|CH RAM 22
2EE 128MB DDR2 & AFE3t1, GPIO 7+ LED Off HZZ|0 Qon, sPI EfA|0A EES
X|&stH, UART X JTAG 412 @/dll 00|22 USB ZE E A2 TL|C} SweRVolf Nexys CH 49|
712 REEME 7|2X 22 SPIFlash Ol MY E 208 2 ESH U AL CHAE 3 EX).
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N, DMI
DDR2Z bscan TAP .-[‘Gb
LiteDRAM SweRVolf core UART -

GPIO
SPI #

SPI Flash

13 3. SweRVolf Nexys
SweRVolf SoC & Al%EﬂOlﬁ = =90, = Digilent Nexys A7 EEO|A A 03F
%lﬁ LIC}.

o7 *e'ﬁ | RVfpgaSim 2t Ot&H7EX| 2 SweRVolf Sim 2 SweRVolf 20| £ Verilator 0| A| At
HIAEHX| 2 efE5t= Al=80[4H CH Y LICH DFEE7EX| 2 O] A& 2| RvfpgaNexys £ Digilent
Nexys A7 EEE [fAtO 2 3l= SweRVolf SoC BT 2 SweRVolf Nexys 2+ S AtetL|Ct,

5 ZHAMH

b2

O MMOME Sim 2 E 3 Nexys HEE 9 4

rot
fot

r
o

AEots YES 2oL
Step 1. ZEZMEQ| 2EZ A2% "SweRVolf" C|HEZ|Z 0| STL|Ct.
O| ClA E2|= X| 32 E $WORKSPACE 2t & L|CH He| HAZX| = ot ZE =7 HH2

e

$WORKSPACE Of| M| M EL|CH X ASZHCIHER| ¥ = MEHTHL|CH
> export WORKSPACE=S$ (pwd)

$WORKSPACE ¥ H+E 27512{H (A 4 ¥=) Ch3 S A8oto] & Ha7t
SEHLZ FIHEU

r|r
A
fot
0
_(')1-

'anS export WORKSPACE=5(pwd)
loLT$ printenv WORKSPACE

fhome;hamzavafpgaf
hamza@imagination:~

_._ o1

2 THA|. FuseSoC 7t 0|0 MX|Z|O| AE=X| = QIgtL|CH FuseSoC 7t §l= 42, a2 M35ty
MAX|gL Lt

> sudo pip3 install fusesoc
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3 EHA|. FuseSoC 7|2 2to|22{2| S &Y 570 F7tetL ot

> fusesoc library add fusesoc-cores
https://github.com/fusesoc/fusesoc-cores

hamza@imagination: bProje: 1fS$ fusesoc library add fusesoc-cores https://github.com/fusesoc/fusesoc-cores
INFO: Cloning library into fusesoc_libraries/fusesoc-cores
into 'fusesoc_libraries/fusesoc-cores'...
: Enumerating objects: 202, done.
e: Counting objects: 1ee% (202/202), done.

: Compressing objects: 100% (140/140), done.

Resolving deltas (229/229), done.
hamza@imagination: bProje Volf$S I

13 5. FuseSoC 7| & 2to| 82| F7}

4 THA|. swervolf 2t0| E2{2| & F7}+tL|Ct,

> fusesoc library add swervolf
https://github.com/chipsalliance/Cores—-SweRVolf

hamza@imagination: pgasoC/Labs/La € eRVolfS fusesoc library add swerveolf https://github.com/chipsalliance/Cores-SweRvolf
INFO: Cloning library into fusesoc_libraries/swervolf
Cloning into 'fusesoc_libraries/swervolf'...
: Enumerating objects: 13@, done.

e: Counting objects: 100% (130/130), done.
remote: Compressing objects: 100% (81/81), done.
remote: Total 1035 (delta 52), reused 89 (delta 42), pack-reused 905
Receiving objects: 100% (1035/1035), 1.17 MiB | 206.00 KiB/s, done.
Resolving deltas: 10
hamza@imagination:

13 6. Swervolf 2to| 22| &7}
5 CHA|. swervolf C| 2| E 2|2 "SWERVOLF_ROOT" 4 B2 A& etL|ct,

> export
SWERVOLF ROOT=$WORKSPACE/fusesoc libraries/swervolf

hamza@imagination pg bPrc olf$ export SWERVOLF_ROOT=SWORKSPACE/fusesoc_libraries/swervolf
hamza@imagination F / bPrc Si JolfS

Malish ot=E2 MENSI2{ T --target Of 7H B =2t A "fusesoc run" BH S AFE S A2,

6 THA|. Al 2200 M Z&5t

> fusesoc run --target=sim swervolf
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Ol HHL2 2 A=Z LHoj| "Vswervolf_core_th"2h= A|E2|0| M HIO|HE| S MM etL|Ct,
SweRVolf/build/swervolf_0.7.3/sim-verilator/

0| = [RVfpgaSoCPath])/RVfpgaSoC/Labs/LabResources/Lab2/verilatorSIM Z 20| A make HH S
AFE 8L "Vrvfpgasim" A|E2{|0| M HIO| 2| S M Lab 2 0| M =ish 24Tk QAFSHL|C,

J2{Lt Lab 2 0| A AFHEZl SoC & SweRVolfX 2| 519 &letQl BHH of 7| O M AR =l SoC & 2t ot
SweRVolf & L|LC}.

hamza@imagination:~/RVfpg Labs/LabProjects Volf$ fusesoc run --target=sim swervolf
WARNING: Unknown item compilation_mode in section Xsim
Preparing ::cdc_utils:0.1-r1
Preparing chipsalliance.org:cores:SweRV_EH1:1.8
Preparing fusesoc:utils:generators:0.1.5
Preparing ::jtag_vpi:0-r5
Preparing pulp-platform.org::common_cells:1.20.0
Preparing ::simple_spi:1.6.1
Preparing ::uart16550:1.5.5-r1
Preparing ::verilog-arbiter:0-r3
Preparing ::wb_common:1.8.3
Preparing pulp-platform.org::axi:0.25.0
Preparing ::wb_intercon:1.2.2-r1
Preparing wervolf:0.7.3
Generating ::swervolf-intercon:0.7.3
master ifu
master lsu
master sb
slave 1o
slave ram

Generating swervolf-swerv_default_confi
Generating ::swervolf-version:0.7.3
Generating ::swervolf-wb_intercon:0.7.3
master io

slave rom

slave spi_flash

slave sys

slave uart

Setting up project

make[1]: Leaving directory '/home/hamza/RVfpgaSoC/Lab Projects/sweRVolf/build/swervolf_0.7.3/sim-verilator’
INFO: Running

INFO: Running simulation

Loading RAM contents from hello.vh

Releasing reset

SweRV+FuseSoC rocks

Finito
- ../src/swervolf_| /swervolf_syscon.v: 151 erilog $finish
hamza@imagination: LabProj LS i

2l 8. SweRVolf Sim 2 E

O] H&H 2 Workspace C|HEHZ|0f L2 ASS M-derL|Ct

® SWORKSPACE
o fusesoc libraries
o build
B swervolf 0.7.3
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e sim-verilator
o Vswervolf core_tb
® src

7. Nexys A7 &E
O] MM0f| M= FuseSoC £ A2t SweRVolf Nexys € #+55l= &S 2O FL|CH
1 l|:_|'7E" Nexys A7 2= 2 o|0|X| & 'E( I MEHM o 2 =2 2j I%')T:')'|-E=| M Ct=2 S AlsiSHL|CY

> fusesoc run --target=nexys a’/ swervolf

HI: 0| FHS Helsl7| Hof Nexys A7 EEES AFE0 MZStD EE7H 7H JEX|
oIS

Ol 3H2 Ch2 AZ LO|A "swervolf_0.7.3.bit"2t= FPGA(".bit'2 2 EHE T2 A2 Ust=
O AHS E|+& bitstream THY S A ehL|Ct,

SweRVolf/build/swervolf_0.7.3/nexys_a7-vivado/
ot 22| AFEO HZAE Nexys A7 EEOf| HHEAEEIZ Q2 EBtLCE

0| 42 "Generate Bitstream" &2 At2510] 25 C|XAIQIE2 M43 Z Vivado 0l A
"rvfpga.bit" TS Mg [Iff Lab 1 O A HE Z410F FAFSHLICH LES 0] Lab 2 Of| A

PlatformlO £ AFE35I0| Nexys A7 EE0f "rvfpga.bit" It Y= P2 E}HSLICH.

FuseSoC = {I0|M A2 st HHZ AL25I0] Lab 1 U Lab 2 0|AM =22 £3l3UE 0]
RE IAS AL C}
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hamza@imagination: i LabProject [olf$ fusesoc run --target=nexys_a7 swervolf
WARNING: Unknown item comptlatton mode in section Xsim
Preparing ::cdc_utils:0.1-r1
Preparing chipsalliance.org:cores:SweRV_EH1:1.8
Preparing fusesoc:utils:generators:0.1.5
Preparing pulp-platform.org::common_cells:1.20.0
Preparing ::serv:1.0.2
Preparing ::simple_spi:1.6.1
Preparing uart16550:1.5.5-r1
Preparing ::verilog-arbiter:0-r3
Preparing ::wb_common:1.0.3
Preparing pulp-platform.org::axi:0.25.0
Preparing :swervolf:litedram:0
Preparing ::wb_intercon:1.2.2-r1
Preparing swervolf:0.7.3
Generating ::swervolf-intercon:0.7.3
master ifu
master lsu
master sb
slave io
slave ram

Generating wervolf-swerv_default_config:
Generating wervolf-version:0.7.3
Generating wervolf-wb_intercon:0.7.3
master io

slave rom

slave spi_flash

slave sys

slave

: Programming part xc7al@0tcsg324-1 with bitstream swervolf_0.7.3.bit
[Labtools 27-2285] Connecting to hw_server url TCP:localhost:3121
[Labtools 27-2222] Launching hw_server...

[Labtools 27-2221] Launch Output:

*#*x*k%%* Xilinx hw_server v2019.2
**** Build date : Nov 6 2019 at 22:13:42
** Copyright 1986-2019 Xilinx, Inc. All Rights Reserved.

INFO: [Labtools 27-3415] Connecting to cs_server url TCP:localhost:3042
INFO: [Labtools 27-3417] Launching cs_server...
INFO: [Labtools 27-2221] Launch Output:

*#%%%%* Xilinx cs_server v2019.2.0
#*%% Bulld date : Nov O7 2019-10:41:48
** Copyright 2017-2019 Xilinx, Inc. All Rights Reserved.

: Trying to use hardware target localhost:3121/xilinx_tcf/Digilent/210292BAEF83A
[Labtoolstcl 44-466] Opening hw_target localhost:3121/xilinx_tcf/Digilent/210292BOEF83A
: Opened hardware target localhost:3121/xilinx_tcf/Digilent/210292BOEF83A on try 1.
Found xc7al@Btcsg324-1 as part of xc7al@0t_0.
: Programming bitstream to device xc7al00t_© on target localhost:3121/xilinx_tcf/Digilent/210292BOEF83A.
[Labtools 27-3164] End of startup status: HIGH
[Labtoolstcl 44-464] Closing hw_target localhost:3121/xilinx_tcf/Digilent/210292BBEF83A

: SUCCESS! FPGA xc?alootcsg324 7, successfully programmcd with bitstream swervolf_0.7.3.bit.
. N . n .

33 9. SweRVolf Nexys HE
UM G2 CHE HHO| b= | H Workspace T EH 2| = CHS Ot Z60] BA|E L|CH

® SWORKSPACE
o fusesoc libraries
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o build
B swervolf 0.7.3
® sim-verilator
® nexys a’-vivado
o swervolf 0.7.3.bit

FuseSoC £ Vivado & AFE0I0| Z2MEZ Ygsti, Y HaF 2780k, Mo 1f & (constraints

files)2 715t HIEAER S A2 2 WLt
Lab 10N 2 AMEH AT =& Al A=ot7| 218l vivado Z2MES E = UAS LI,

2 CHA| Ct2 HHOZ "nexys_a7-vivado" C|H EZ| S Q& TtL|CH

> cd build/swervolf 0.7.3/nexys a7-vivado/

a8 10. "nexys_a?—vwado" EIE—*IEEIE OI%
3. ChE B2 YA vivado ZEMEE GL|LCL

> vivado swervolf 0.7.3.xpr

hamza@imagination:~/RVfp Labs/LabProjec F/buile volf_0.7.3 a7- doS$ vivado swervolf 0.7.3.xpr

**kkkk \Yivado v2019.2 (64-bit)
**%* Sl Build 2708876 on Wed Nov 6 21:39:14 MST 2019
**** TP Build 2700528 on Thu Nov 7 00:09:20 MST 2019
** Copyright 1986-2819 Xilinx, Inc. All Rights Reserved.

start_gui

a2 I E 2FE MY Ha A constraints files 2 AlZ 2t = ASL T

Imagination University Programme — RVfpga-SoC Lab 3: Introduction to SweRVolf and FuseSoC
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Sources
Q T & + » d
w [ Design Sources (185
v [ Global Include (1
@ common_defines.vh
~ [ Verilog (35
> i ®il_defaultlib (35
~ [ SystemVerilog (150
» iii ¥il_defaultlib (15C
~ [ Constraints (2
w [oconstrs_1 (2
I litedram.xdc
" swervolf_nexys.xdc
~ [ Simulation-Only Sources
sim_1
~ [ Utility Sources
utils_1

Hierarchy Libraries = Compile Order

d8 12. &2 118

"Design Runs" B0{|Al &g 5 7¢10| O|0] §3H22 2=E As = + ASLIL

Design Runs

Q = % + %

Name Constraints ~ Status WNS  TNS  WHS  THS  TPWS  Total Power Failed Routes LUT FF BRAM URAM DSP

v of synth 1 constrs_1 synth_design Complete! 34263 18537 440 0 4
+ impl_1  constrs_1 write_bitstream Complete! 0.453 0.000 0.052 0.000 0Q.000 0.929 0 33662 18538 44.0 0 4

a7 13 24 4¥

8. SweRVolf Sim 0lA AL_Operations | | &!38

O] MMO0f A= Verilator & AHE3}0] SweRVolf Sim O Af AL_Operations Z2 1 2 Malist= A2
HOojE LT

1CHA| 427} Ot 1t 22 examples CIH E2| £ & BtL|C},

[RvfpgaSoCPath]/RvfpgaSoC/Labs/LabResources/Lab3/examples/
AL_Operations/CommandLine/

Imagination University Programme — RVfpga-SoC Lab 3: Introduction to SweRVolf and FuseSoC
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> cd ../../LabResources/Lab3/examples/AL Operations/commandLine/

}LabResources}Lab3}exam les/AL_Operations/commandLine/
L _Operatio andLine$ I

H AH Ad-
[== B @ e 3

>

2 BA AlEe0ldE ?let 16 T

4>
I=
HU
H

> make clean

hamza@imagination:~/RVfpga
rm -f *.elf *.bin *.vh *.dis
hamza@imagination:~/RVfpgaSc

2l 15, Make clean

> make AL Operations.vh

s/La 3 mmandLine$ make AL_Operations.vh
15cv[b1n}r15cvo4—unknown elf-gcc -nostartfiles -march=rv32i -mabi=ilp32 -
-0AL_Operations.elf AL_Operations.S
/home/hamza/.platformio/packages/tcolchain—riscv/bin/riscv64—unknown—elf—objcepy -0 binary AL_Operations.elf AL_Opera
tions.bin

python3 makehex.py AL_Operations.bin > AL_Operations.vh
rm AL_Operations. bln Operations.elf
hamza@imagination: \ asoC/Labs/La

12l 16. AL_Operations.vh Tt A
3T A= 0] M

> ../../../../../LabProjects/SweRVolf/build/swervolf 0.7.3/sim-
verilator/Vswervolf core tb +ram init file=AL Operations.vh
+vecd=1

"ram_init_file" Oj7fH = 27| on-chip RAM L2 2 2 AtE % Verilog 16 Tl LtYdS 2 E8HL|CY,
mh2tM s e & M (+ram_init_file)2 AHESH0] 23 Mot Verilog 16 T It "AL_Operations.vh"&
Z L5l A[E20]M HFO|LH 2| "Vswervolf_core_tb"S &3 TtL|C} E$H ved(value change
dump)E 1 2 4335l 2 & o] 2E H45 HxaLCL

hamza@imagination:~/RVfpgas Labs/LabResourc ab3 amples /AL_Operatio mandLine$S ../../../../../LabProjects/SweRVolf
/build/swervolf_8.7.3/sim-verilator /Vswervolf_core_ tb +ram_1init_file=AL_Operations.vh +vcd=1

Loading RAM contents from AL_Operations.vh
Releasing reset

O 17. A E8|0]E A3

N8OS BXISHA "curl + 'S FEAAIL. "trace.ved” TH0| 24 E/0{0F BHLIC,

> gtkwave trace.vcd

Imagination University Programme — RVfpga-SoC Lab 3: Introduction to SweRVolf and FuseSoC
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hamza@imagination:~/RVfpgaSoC/ /LabResources; J P [/AL_oOperations/commandLine$ gtkwave trace.vcd

GTKWave Analyzer v3.3.86 (w)1999-2017 BSI

Warning! File size is 758 MB. This might fail in recoding.

Consider converting it to the FST database format instead. (See the
vcd2fst(1) manpage for more information.)

To disable this warning, set rc variable vcd_warning_filesize to zero.
Alternatively, use the -o, --optimize command line option to convert to FST
or the -g, --giga command line option to use dynamically compressed memory.

[@] start time.
i2481540] end time.

a3 18. gtkwave Ol M trace.ved Tt E7|

O|H| gtkwave 7} H&E LICt. O K| Lab 2 o] 1Y S BH=510] D= 0ff M= E F7t5t1 Z 43 of

L Ct.

5 CHAl. GTKWave 2| 21F MTH 0N SoC AZSS &&sI0 Dm0 M E FIhe = JAELCE
|& +ZZ2 TOP — swervolf =
228|511 signal clk(20{0f| At E|= 23)E MEstn QEZO| 3lM Signals & L= A2 Waves

= 1
Yo 2 E0tt S LICE..

X

core_tb — swervolf — rvtop — swerv £ &350 2 & ifu

6 THAl. ifu 2 E0| ZX EA|IL[RA=X| 2RIt (AT 19 & X)

= B AMof| "inst"E YT CHS
"ifu_i0_instr[31:0]" % "ifu_i1_instr[31:0]" A& & itL|Ct,

MEl

Type Signals
wire ifu bp_inst_mask F2[7:1]
wire |ifu_i0 cinst[15:0]

wire |ifu_i1_cinst[15:0]

wire |ifu_illegal inst[15:0]
wire ifu_pmu_instr_aligned[1:0]

Filter: |inst

Append Insert Replace

a8l 19, "instr" M=

7 THA|. O|X| TOP — swervolf_core_tb — swervolf = rvtop = swerv — dec — arf —
gpr_banks(0) = gpr(28) — gprff 2 0| 535} 1 "dout[31:0]" A= & 2251 0|5 AUTHL|Ct (A2

20 HX).
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| | | | Lreaadpiiss)

Type Signals

wire  OVERRIDE[31:0]
wire WIDTH[31:0]
wire clk

wire  din[31:0]

B
genblock
gpr(29) 5

wire en

wire lclk

wire |rsk |

wire scan_mode -

Filter:

Append Insert Replace

g 20. "dout" MZ

O[X "+ HES A&t A= & =it ot

2f
¥ SST Signals
5.5 TOP Time
axi_pkg clk=
cb_filter_pkg ifu i@ instr[31:@]=
swervolf_core_tb ifu i1 instr[31:0]=
dmi_wrapper dout[31:0] =
ram
& s aw swervolf
axi2zwb
axi_intercon
bootrom
EF:awrviop
mem
B |
| J: active_cg
! aL .
Type Signals

wire DCCM_BANK_BITS[31:0]
wire DCCM_BITS[31:0]

wire DCCM_BYTE_WIDTH[31:0]
wire DCCM_DATA_WIDTH[31:0/-

b

9. SweRVolf Nexys Ol Blinky Of| ®| 4!

0| M M0f A= SweRVolf Nexys Ol A| Blinky T2 13 & MMst= e HOjEL|C} 0| M&9
o

=
QU 2Ol FuseSoC A st " bit" TS AT A LTt

A0 AL 19 AL 20| M AFRE SweRVoIIX ZEE LED L 1/0 2| TA HZ22| HLe

SweRVolf(SweRV EH1 & FuseSoC 7|4t SoC)2f CHELICH 2tM d& 2t A& 30= M 22|
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Fa7t HAS SUB OJF T2 aW(Blnky)2] EE OIF Tl E2|7 YT

H 5. SweRVolf ¥ SweRVolfX & MEMORY-MAPPED GPIO F&

SoC System Address
SweRVolfX (Lab 1) GPIO 0x80001400 - 0x8000143F
SweRVolf (Lab 3) GPIO 0x80001010 - 0x80001013

CE L Yot CtZ Blinky

CHS CHA & 2t2310] SweRVolf Nexys 2 Nexys A7 EEE T2 2 Y

Z20YUZ MHSHAlL:

>
i
>
o
Q
@D
X
<
wn
>
\l
hr
il
Ml
¥
I
=]
N
n
N
N

THA|. 215 YTel &2

N

3 EHAl. vSCode &

4TH|. SE 0w 220 Y - 2 E7((AE 23 HxX)E 285t
[RVfpgaSoCPath]/RVfpgaSoC/Labs/LabResources/Lab3/examples/ C|2 E2| 2 O| 5 g L|C}.
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File Edit Selection View Go Debug Terminal Help
New File Ctri+N
New Window ctrleshiften

Open File.. ctriso
Open Folder... [Ctrl+K Cirl+0] I

Open Workspace.
Open Recent

Add Folder to Workspace
Save Workspace As.

Save As.. Ctrlsshiftss

Autosave

Preferences

Close Editor atrlsw a]
Close Window ctrlsw

Exit g

a3 23 26 €7

Of

5 CHA|. Blinky _FuseSoC C|HEZ|E MEiSt I (FX| L0 MEHD}

E PUA|R) & A Ete
22/5IM A 2. O|X| PlatformlO 7+ G| M| & & L|Ct.

J.*OJ
ro
o

6 THA|. 21F ALO|EH}O| A platformio.ini & 2 &3+ platformio.ini It S FLICHE 24
X)) O 22 HEUSIO A|AHIO|M RVipga HIEAEZIO| AZE MYTLICHAE 24
Ex).

7 THA|. FuseSoC & A28t MM =l "swervolf_0.7.3.bit" It 2 CtS AZ0]| Y&L|CH

board build.bitstream file =
/home/<Username>/RVfpgaSoC/Labs/LabProjects/SweRVolf/build/swervolf O
.7.3/nexys_a7-vivado/swervolf 0.7.3.bit

[env:swervolf nexys]
= chipsalliance
= swervolf nexys
= wd-riscv-sdk

= 115200

= home/hamza/RvfpgasoC/Labs/LabProjects/SweRvolf/build/swervolf_@.7.3/nexys a7-vivado/swervolf_©.7.3.bit

= home/hamza/RvfpgasoC/Labs/LabProjects/sweRvolf/build/swervolf ©.7.3/sim-verilator/vswervolf core_tb

& 24. Platformio 7|2} T}Y: platformio.ini

8 ThAl. 215 M+ 2= 0| A PlatformlO OPOIE—.% SEYLCHAE 25 HX).
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P

12l 25, PlatformlO OFO| &

File Edit Selection View Go Run Terminal Help

& PIO Home X
PROJECT TASKS

® Y »

@ Welcome to

Home
Quick Access

QUICK ACCESS

Recent Projects

1% 26. PROJECT TASKS & H|0] QS - MZE 0 &

-

roject Tasks — env:swervolf_nexys — Platform & =& 3511

~
=

N
S
T

Imagination University Programme — RVfpga-SoC Lab 3: Introduction to SweRVolf and FuseSoC
Version 1.0 — 15th July 2021

© Copyright Imagination Technologies 20



imagination
university programme

Build

Upload

Meonitor
Upload and Me

Clean

O|M| HEAEZO| Y2E KRS D Z C|HZ T2 NAE A|ZEHL T,

File Edit Selection View Go Run Terminal Help

Blinky.s x

main
main:

FFFF
GPIO_INOUT

= README.rst

a0, GPIO_LEDs
to, )
te, t

tz, ze

timel:
t2, t2
t1l, t2, timel
bl1

& 28. PlatformlO 2| blinky.S

10 SHA. Z2 e Aslsin Cj 15t o Rl S2sAA|Q. 12 OHS KA HE

[
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RUN [> PIO Debug

S 221510f C|H S A|ZSLICE PlatformlO = F 7|59| A%
2o QA SohEe Mt metd A2 weElle 2es0 z2ames s

11 SHA|. EEO| M 7}

13 CHY|. & #1318 o AZ = 2510 FEH (breakpoint)= A7d T L|Ct WZHAM H O
LIEFLI D S EHE O] BREAKPOINTS ROl Z=7HEILICHAE 30 & X).
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File Edit Selection View Go Run Terminal Help

d; EXPLORER

Blinky.s
» OPEN EDITORS

~ BLINKY

main
main:

GPIO INOUT
0(a0)

= README.rst

, GPIO LEDs
0)

o k2, 1
, t2, timel

a3 30. blmkysoiw THE 51|
(@ O
14 THA|. i

Z LEDOf| /(2= 0)2 2= %

a

SweRVolf £ 5tER|0]2t Al 2203 250 A CIHZ S
=
o

8= A ALYLCH CIHAS HE5t=
YRO= o] 74X BA7F QUX| T LT AAEH S Lo FHS AEE 5
SHEHEZ2OO| A[Z0] oM EW =2[A 2> E L.

Al =0 M:
1 CH4|. WORKSPACE LC|2 £ 2| "SweRVolf'E 23t L2 A|E80|M HH

> fusesoc run --target=sim swervolf --jtag vpi enable

Imagination University Programme — RVfpga-SoC Lab 3: Introduction to SweRVolf and FuseSoC
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"--jtag_vpi_enable " Oj7ff H=== OpenOCD 7} & = U= ITAG AHE 2d3letL| Tt
SweRVolf A|&2{|0[410]| "--jtag_vpi_enable "2 A|ZtE
HHZS HU7|E 7|Ct2l= IJTAG ME7F A|ZHE LT

make[1]: Leaving directory '/home/hamza/RVfpgaSoC/Labs/LabProjects/SweRVolf/build/swervolf_0.7.3/sim-verilator'
INFO: Running
INFO: Running simulation

starting jtag_vpi server: interface 127.0.0.1 (loopback), port 5555/tcp ...
jtag_vpi server created.
Waiting for client connection...

A% 31 A EYo]d BE 4

2 THA|. "Ctrl + shift + t"S AE5H0] A B0 2S & CtZ Workspace CIHEH 2|0 M CHES
2SI HO|H CIMEZ[2 O] ST LC.

> cd fusesoc libraries/swervolf/data/
3T O[X| Ch5 383 A0 OpenOCD & Al=Z2f| 041 AAHA0 AZBLICE
> openocd -f swervolf sim.cfg

ME335lH OpenOCD &= CH2S =28|0F gfL|CH ARl 32 & X).

hamza@imagination: bProj f ibrari volf/data$ openocd -T swervolf_sim.cfg
Open On-Chip Debugger ©.11.0-rcl+dev-01535-g3651cbdfd (2021 01-30-12:10)
Licensed under GNU GPL v2
For bug reports, read
http://openocd.org/doc/doxygen/bugs.html
: only one transport option; autoselect 'jtag'
Set server port to 5555
: Set server address to 127.0.0.1
: Connection to 127.0.0.1 : 5555 succeed
: This adapter doesn't support configurable speed
: JTAG tap: riscv.cpu tap/device found: 0x00000001 (mfg: @x800 (<invalid=), part: @x0000, ver: 0x0)
: datacount=2 progbufsize=0
We won't be able to execute fence instructions on this target. Memory may not always appear consistent. (progbufsize=
. 1mp:brcak 0)
Examined RISC-V core; found 1 harts
: hart ®: XLEN=32, misa=0x40001104
: starting gdb server for riscv.cpu on 3333
: Listening on port 3333 for gdb connections
: Listening on port 6666 for tcl connections
: Listening on port 4444 for telnet connections

13 32. OpenOCD & ¥

4 THA|. "Ctrl + Shift + t"S AFESHH M HA| HO|'22 €10 OpenOCD € &6f C|H I MM
o S| O}

==

> telnet localhost 4444

hamza@imagination: C : abProjects/s Volf/f c_libra arvolf ta$ telnet localhost 4444
Trying 127.0.0.1...

Connected to localhost.

Escape character is '~]'

Open On-Chip Debugger

>

Imagination University Programme — RVfpga-SoC Lab 3: Introduction to SweRVolf and FuseSoC
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12l 33, telnet

5CHA|. O|X| BHZS LI XA E LH2| M A2, O|X| M HAf B O] 22 &3l SweRVolf O
AANZEXEE Mg = ASL|Ct
0| FuseSoC 7|8t SoC 0| M 16 72| LED = =2 0x80001010-0x80001011 Of| Al T 2 2
Of & & GPIO Of 2|3l MO & LICt. O] FA+= A& 112 0 A AHESH Rvipga A|A "R 2=}

ChE L Ct.

tefA H22lel o d 20 "12| 2E & = US UL
> mwb 0x80001010 1

O[M X A 0|2 S EH gpio0 Ol AN A= AE & = ASLICHAE 34 H=x).

jtag vpi server created.

Waiting for client connection...
Client connection accepted.

JTAG VPI enabled. Not loading RAM

Releasing reset
298548240: gpio® is on

A& 34. gpio0 O] AX ASL|C}.
CEAL Ml & B O] 22 SOt7t S 2ot H 22| =204 "0" 2tS g 5t] gpio0 & & LIL.
> mwb 0x80001010 O
jtag vpi server created.
Waiting for client connection...

Client connection accepted.
JTAG VPI enabled. Mot loading RAM

Releasing reset
298548240: gpio® is on
528686180: gpio® is off

A3 35. gpio0 O] THA USL|CL.
O|M| Nexys A7 EEO|A SYst T2 HAS 22T L},

HARDWARE:

Imagination University Programme — RVfpga-SoC Lab 3: Introduction to SweRVolf and FuseSoC
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1 THAl. Nexys A7 EEE ZFEO| AZASH CHS Workspace CIEEHE2|0| A FPGA 2 E HHEZ
HEUBILICH Nexys A7 EEEO 2 CHA| HESHK| YT HEAERZ HE2ESH "-run "
Oj7f H~5 FI4e = UGS LICH

> fusesoc run --target=nexys a7 —--run swervolf

Trying to use hardware target localhost:3121/xilinx_tcf/Digilent/210292BOEF83A

[Labtoolstcl 44-466] Opening hw_target localhost:3121/xilinx_tcf/Digilent/210292BOEF83A

Opened hardware target localhost:3121/xilinx_tcf/Digilent/210292BOEF83A on try 1.

Found xc7al@0tcsg324-1 as part of xc7aleet_o.

Programming bitstream to device xc7al00t_O on target localhost:3121/xilinx_tcf/Digilent/210292BOEF83A.

[Labtools 27-3164] End of startup status: HIGH
[Labtoolstcl 44-464] Clesing hw_target localhost:3121/xilinx_tcf/Digilent/210292BOEF83A

SUCCESS! FPGA ?alootcsg324 1 successfully programmcd with bitstream swervolf_0.7.3.bit.
@imagination: E g

3 36. FPGA HE ¥
2 THA|. OpenOCD E AtE3I0f EE Z2 2

> openocd -c "set BITFILE build/swervolf 0.7.3/nexys a’7-
vivado/swervolf 0.7.3.bit" -f
$SWERVOLF ROOT/data/swervolf nexys program.cfg

13 37.1F 20| =8 EL|C},

hamza@imagination: bProje /olf$ openocd -c "set BITFILE build/swervolf ©.7.3/nexys_a7-vivado/swervolf_0.7.3.bit"
-f SSWERVOLF RDDT/data/swarvolf nexys_| program cfg
Open On-Chip Debugger ©.11.0-rcil+dev-01535-g3651cbdfd (2621-01-30-12:10)
Licensed under GNU GPL v2
For bug reports, read
http://openocd.org/doc/doxygen/bugs.html
build/swervolf_0.7.3/nexys_a7-vivado/swervolf_0.7.3.bit
DEPRECATED! use 'adapter driver' not 'interface'
DEPRECATED! use 'adapter speed' not 'adapter_khz
: ftdi: if you experience problems at higher adapter clocks, try the command "ftdi_tdo_sample_edge falling”
: clock speed 18000 kHz
: JTAG tap: xc7.tap tap/device found: 8x13631093 (mfg: 6x849 (Xilinx), part: 0x3631, ver: @x1)
: gdb services need one or more targets defined
shutdown command invek
hamza@imagination:

ZlE' 37. OpenOCD & ¥
3 EH4|. OpenOCD € SweRVolf 0 &

> openocd -f $SSWERVOLF ROOT/data/swervolf nexys debug.cfg

hamza@imagination: bProj olf$ openocd -f $SWERVOLF_ROOT/data/swervolf_nexys_debug.cfg
Open On-Chip Debugger ©.11.8-rcl+dev-01535-93651cbdfd (2021-81-30-12:10)
Licensed under GNU GPL v2
For bug reports, read

http://openocd.org/doc/doxygen/bugs.html
DEPRECATED! use ‘adapter driver' not 'interface'
DEPRE(HTED' use 'adapter speed' not 'adapter_khz'

: ftdi: if you experience problems at higher adapter clocks, try the command "ftdi_tdo_sample_edge falling"
clock speed 10000 kHz
: riscv.cpu tap/device found: 0x13631093 (mfg: @x049 (Xilinx), part: 0x3631, ver: Ox1)

progbufsize=0
We won't be able to execute fence instructions on this target. Memory may not always appear consistent. (progbufsize=
, 1mpebreak a)
Examined RISC-V core; found 1 harts

hart 8: XLEN=32, misa=0x40001104
starting gdb server for riscv.cpu on 3333
Listening on port 3333 for gdb connectiens
Listening on port 6666 for tcl connections

: Listening on port 4444 for telnet connections
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13 38. OpenOCD HAE

4 THA|. "Ctrl + shift + t'S AR SO Al M| HO|2S E11 OpenOCD & S3fl CIH 1 MM 0|
AZgL|Ct.

> telnet localhost 4444

hamza@imagination:~/RVfpgaSoC/Labs/LabProjects/SweRVolf$ telnet localhost 4444
Trying 127.0.0.1.

Connected to localhost.

Escape character is '~]'

Open On-Chip Debugger

=

12! 39. telnet

5THA|. ofX Y™ Lstol Lol 2 X|AIE LHEILICH M ¢ E0|2S &S5l SweRVolf 0f
A

16 7H2| LED £ 4 0x80001010 - 0x80001011.0A H 22| O &= GPIO Off 2|8 X|Of & L|Ct.
71 QLEZ LED & A 7| {5 M 22[0f "1"2| 2{=S 0x80001010 Of| £ L|Ct.
> mwb 0x80001010 1
O|M Ct2 FHS AWt M 2EXR LED E &LICH
> mwb 0x80001010 0
O| A2 EEQ 7IY QEZO A= LED E & A YL

0| Al

| & W22 ot I8 HA &5 24 REE 522 Yot ALt HUYPSLICH O3
Ch2

SweRVolf(SweRV Eh1 € FuseSoC 7|t SoC) I 7| X| & Z & sl= 17| X| 22| X2l

A0
H =
2=

FuseSoC € 27K &L},

~
El
=

& CHS "SweRVolf Sim"1t "SweRVolf Nexys"2| & 7HX| H{H S A E /& L|CH

O|™ M&29| RVfpgaSim 1t OEH7HX| 2 SweRVolf Sim 2 SweRVolf Z.0{E Verilator 0| A AHE &
HAEHX|Z ejHSt= A|Z220]M CHar & LICE OS2 0| M A &2 RvipgaNexys = Digilent
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