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1. &

XFRFRIME, C. JavaflPython% Sl & RE I mgm R I R0R . 1K L8 S 08 5 1% 4 ik
CHiEs, BI—AMREL . ARG S 95 0 G a 7 2R ™A% AR IS B, DA
PRAUEAF 2 I I 7 B4 0 v B TR o A SEIKE ie 7 AT 5 PlatformI O 61 i — /> i /ERVfpga 5
4t Fig4T MRISC-VIL %15 5 127 . AT LM EMARISC-VIL G 5, A5 En il fE
RVfpgaNexys [ 8@ FfE T gmfe Gl E, B LU A Verilators{Whisper{ii EF2)7) -
WRIg, FATSRA ), iHE%S H S MRISC-VIL gL .

2. RISC-VILY%iE = iR

RISC-VIL 418 & & H T S8l S AU A fa 48 4. filtnadd. subMmul%5H AT IURISC-V4E
L PRI A BRAERGEATING . IR AERIEE D .

RISC-VIg & MIEARBATE: H5E (FEAR. BB 84 VifFBlERM S k. R
I T & FHIIRISC-VIE 4. 38 H AR T F A7 as BiAfF il as v, B B gmtd o o =
(B z8040 « RISC-VALE 3243207 % f7- a4 . K251 H T IX32 M RISC-VZ 78 I ZFR . XL
AR ME SRR (Fllzero. s0. t5%) izfFaegms (BIx0. x8. x30) KI5
TEo P B E AT AR, B REE X TR AN HRNER. i, RE%
F#s0-s11iH H TRFEE, Mk S FERc0-teH TR iHE. zeroZ A (x0)
HAEEME0, RN B FEZME. LA maRe g, WER2PR, HEAR
LI, N zerodi7as. NI SF 78S ARAE 277 5% o

#1. ¥ HPRISC-VIL 4154

RISC-VILHIE S BAE
add s0, sl1, s2 IS sO0O = sl + s2
sub s0, sl, s2 Y R sO = sl - s2
addi t3, tl, -10 | g7 A%k t3 = t1 - 10
mul t0, t2, t3 32fIeTs: t0 = t2 * t3
div s9, t5, t6 ERFS t9 = t5 / t6
rem s4, sl, s2 ;kﬁ% s4 = sl % s2
and t0, t1, t2 A, t0 = tl & t2
or t0, tl, t5 AV BR t0 = t1 | t5
it xor s3, s4, sb Tﬁﬁiﬁ"ﬁk s3 = s4 ©~ s5
& [andi t1, t2, OxFFB | fgfvh (SrEIED tl = t2 & OXFFFFFFEB
ori t0, tl, 0x2C | 4frek (SLEIED £t0 = t1 | 0x2C
xori s3, s4, OxABC | fify 55k (SLEPED s3 = s4 ~ OxFFFFFABC
sI1 t0, t1, t2 B t0 = tl << t2
srl t0, tl, t5 B t0 = t1 >> t5
sra s3, s4, s5 ﬁj‘ﬁ%% s3 = s4 >>> sb
s11i t1, t2, 30 B STHIED tl = t2 << 30
srli t0, tl, 5 B4R GLRIED t0 = t1 >> 5
srai s3, s4, 31 %7{(6%% (STEPED s3 = s4 >>> 31
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®

1w s7, 0x2C(tl) gﬁ? s7 = memory[t1+0x2C]
1h s5, O0x5A(s3) %%zﬂﬁ? s5 = SignExt (memory[s3+0x5A]15:0)
m: 1b s1, -3(t4) gﬁ?ﬂﬁ sl = SignExt (memory[t4-3]17:0)
R | sw t2, 0x7C(tl) e memory [t1+0x7C] = t2
sh t3, 22 (s3) ﬁﬁ%#? memory [s3+22]15.0 = t315:0
sb t4, 5(s4) ﬁﬁ%?*—rg memory[sd4+5]7.0 = t4.0
beq s1, s2, L1 ﬂﬂ*ﬁ%m’]ﬁj\iﬁ%% if (sl==s2), PC = L1
w bne t3, t4, Loop ﬁu?ﬁ*ﬁ%‘;)ﬂ\ljﬁj\iﬁ%% if (sl!=s2), PC = Loop
&R [ blt t4, t5, L3 /N T 43 32 Bk if (t4 < t5), PC = L3
bge s8, s9, Done ﬁﬂk?ﬁ%?ﬂ”ﬁ\iﬁﬁﬁ if (s8>=s9), PC = Done
11 s1, OxABCDEF12 %ﬁjﬂﬂﬁ sl = OxABCDEF12
la sl, A B sl = fH R RARAF i G AL
nop Ttk TeHRAE
& mv s3, s7 %z s3 = s7
jm | not tl, t2 dE R tl = ~t2
R neg sl, s3 KRN sl = -s3
j Label i PC - Wik
jal L7 BE I ks PC = L7; ra = PC + 4
it s1 B 75 1725 BC = =1

B TSP IIRISC-VIE 4, RISC-Vittuffifhia < (WRKEFR) IR IFERIENMRISC-V
1R, HEEYRF . iS22 EH—PMEREZ D HIEMRISC-VIES LI . Filtn, #

sifthte4 (mv s1,

s2) REMIs2MINF IR HIHAsT. %4

B2 R LT HIERIRISC-VR

AR addi s1, s2, 0.
#2. RISC-V& 1%
zZero x0 HHUEO
ra x1 R[] Hh bk
SP x2 HERR AR ST
gp x3 ETERa
tp | x4 BRFLIRET
t0-2 | x5-7 I IS 25
s0/fp | x8 (A7 %5 47 BRI WTR B
s1_ |x9 (RAF AT 2
a0-1 | x10-11 BRIE SR 1BE
a2-7 x12-17 RS H
s2-11 | x18-27 1RAE AT 7R
t3-6 x28-31 I B 2
A=)

LA RUT Sk i i 2 I g a2 o X 2EH

ANANY: =

Eglo ﬁ%?%?ﬁlﬁl

AL G a8 5 AT a2, AT G & ZEH R 14K

IV 2 s FECELACRS N3 RO B, 9 e FERE e mP S B0 SO AN S0 o 55

L35 H TRISC-VI F B Ymesds S ( (RISC-ViZ#: JFJ4HAtlas) , F#: Patterson &

Waterman, © 2017) .
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3. RISC-VEEiZ4

B4 P BH

- text JE ST H A Etext iy (LAY &

-data JEEEm HAF i fEdataily (&R E) .

-bss JE SR H A fEbs sy (&R EVIIGEIN0)

.section .foo JEEEIH BN . foolfHh4) .

.align n PN G55 —#diE . B, .align 22 DAFil 5%
—MH.

.balign n AN A 555 F — 8. B, .balign 4L x5
T—ME-

.globl sym P EARR S s ymoN A AR, Bl DA AR SC AR 51

.string “str” W st r (PG TEAT it % I DL 21545 2

.word wl,..,wn W 3247 BB A7 fith 78 35 B A7- i 2 -

.byte bl,..,bn P8 BB Al (e R S A 2 =1 .

. space TR S M DA A VIR E A . ZIE il H T H 9
AR Xk EAR RN MMATE) o BERENT
Bl AR & L7 B R ok BN, 849 RES: .space 4%
PREE DU RATIEAL I = (R —AN)

.equ name,constant | g Y5 AMAHEEME. HlW, .equ N, 122 5N, H
fEH12,

-end YRS ERIA  endiB SIS 1L TAE. 12382 2 GETA SCR
FRK 4 2 o

LR (2034 - R5) g T W] ARISC-VIL 4 1 5 4l — L84 W m g 4iit . 1 7
B, 03064 (beq. bne. bltMbge) A KB BIRFEbREE; MBETES (5) K
FATF LR PR EARSE . HATIERAECTE F LA/ /R, #ERISC-VILgwiFf 5t I#R R .

WER, L RB G Kiflelsel BRI, W2 IRA) , CRRIGIIRISCVILAHT
SRAMROWIR: CRIBRBNT (<O MW, TR % PR 8K T o2 T
(>=) FAAH.

F4. RISC-VILHR~HI1: iflelseitr)

// C Code # RISC-V Assembly
int a, b, c; # sO = a, sl = Db, 82 =c
if (a < b) bge s0, sl1, L1 # if (a >= b) goto L1
c =5; addi s2, zero, 5 # c =5
else 3 L2 # jump over else block
c = a + b; Ll: add s2, s0, sl # ¢c=a+Db
L2:
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R A RBIR CF RBEEEA N EAE, E20EK5) , RISC-VIL LS 4 H G I 27 77 25
(£0-t3) RLRAEIGIIE, 405 & 100 R EHE £ 0 i 2 bk o XF T =AM 84 i 2 A7 48 T4
HLfE, RISC-VIL4RS & Hbge (1K FEEET N30 BAKEL >= 100 N; X
A FE S CARIE A S o AR ez 2, W s liforfG 3k . W RIAT 732, Mi/NF100, Kk
THAARY ., EES, RIIELRU4 ((FHs111 t2, s0, 2184 BHHEmMEEMF, K
RER (324 AN 2 5 AN FIT I ARG E . fERISC-VH, F7Eil 23 (A il i& 5271 5
e (RIS #A B astibl) o BN FZ/HEA (BWchar data[100];) , BN
Qﬂfc%ﬂ%/ﬂ\ HH— AN, JEE T LA BRI B kT, ﬁ/ﬂiﬁfﬁﬁﬁllﬁﬁi@ii H
arraylil. SHEA TR G, 2K HB10, REKHHEBEAN ( \%'JLJilw\ addifllswik
A, iﬁéﬂ%’?%ll (Bis0) ¥itd, Bk RforfE Rk (FH5 L5184

#5. RISC-VILgimhl2: BAERHHA

// C Code # RISC-V Assembly
int 1i; # sO0 = i, tl = base address of data (assumed
int data[1007]; # to be at 0x300)

addi s0, =zero, O # 1 =0

addi t0, zero, 100 # tO = 100

1i tl, 0x300 # base address of array
for (i=0; 1<100; i++) L5: bge s0, tO0, L7 # 1if (1>=100) exit loop

slli t2, s0, 2 # t2 = 1i*4

add t2, tl, t2 # address of datal[i]

1w t3, 0(t2) # t3 = arrayl[i]

addi t3, t3, -10 # t3 = array[i]-10

array[i] = array[i]-10; SW t3, 0(t2) # array[i] = array[i]-10
addi s0, sO0, 1 # i++
7 L5 # loop
L7:

ARRISC-VILIEFHEZHMELR, HZS W (RISC-VIELETFM) CFEML:
https://github.com/riscv/riscv-isa-manual/releases/download/Ratified-IMAFDQC/riscv-spec-
20191213.pdf) E% (ZFi7/ it Fplik5=45#) (Y% Harris & Harris, Elsevier, © 2021,
ARSI 20214 H Z%) 8 (RISC-VEEE: 4 Aas) (fE#: Patterson & Waterman,
©2017) .

3. ARVipgaZw BRISC-VILGREF

MAELATLLE TS H CWRISC-VILwEF . EHATHEEF R, BB T PREE
PlatformlOji H , %}:fRprgaNexysLﬁ'JE%C BATICGwFE R (i E, ] LA A Verilator
s Whisper{ij HiX L6F2 7))

B #RVfpgaZil H

9w S RISC-VIL9wiE 5 127

¥ RVfpgaNexys F# |Nexys A7 FPGAJT &t

k. FEMBITILHET

hON =
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BB, AlE&RVfpgalii B
{%ZRVfpgasLit 29 S5 VD THRAE - N ER I, T OB ERMCEAE, B “Start”  (IF
&) #45H, N “VSCode” , #RJ5HidiVisual Studio Codeld$TJFVSCode (ZWE1) .

All Apps Documents Web More ¥ &

Best match

Visual Studio Code
App

Search work and web

Visual Studio Code
A vsc - See work and web results > App

[ Open

0 New Window

Recent Workspaces
™ Projectl

= Blinky

Recent

< platformio-ide-2.0.0-beta.6

B |
1. ITFFVSCode

R J5 5VSCodelrf PlatformlO¥% A H sh 1 FF, & 8 Zc Ml T 6 [X 3 5 7 Y PlatformIO & g
Mg Hd “PIO Home” (PIOFETL) — “Open” (3T (K2 .

File Edit Selection View Go Run Terminal Help PIO Home - Visual Studio Code
PLATFORMIO: QUICK Welcome @ PIO Home X
~ PIO Home
Open
PIO Account @
Inspect Welcome to
Projects & Configuration

Libraries Quick Access
Boards

w'{oﬂ

Platforms New Project
Devices

v Debug 3 Import Arduino

Start Debugging
‘ @ Toggle Debug Console

v Updates
Library Updates d Project Examples
Platform Updates -
Update All
v Miscellaneous
PlatformlO Core CLI
Clone Git Project _—
New Terminal EE w I,vaf.' Mvere % CEO at PlatformlO - make e
Upgrade Platform|O Core Platforms @ ‘ w A "Plea;e s;;pv;E‘s;gC:ng new IDEs. Just stop. |
A . Eclipse from 2+ major versions ago installed.”, -

[E'] I nt arrup t #Embedded community with 300+ upvotes and

September 29 ¥ PlatformlO September 25 ¥ PlatformlO September 23 ¥ Ivan Kravets

f

E2. 3T FFPlatformlOH:A & 51 H
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PAE, 7€ “PIO Home” (PIOET) ¥ilE M, Hdi “New Project” CHEIiH) (S
K2) .

WE3FR, BIHM AN “Project1” , 1 “Board” (JF &AM #4ri%k# “RVfpga: Digilent
Nexys A7” (i ARVfpga, Bl HHILZIEDD o R EHEZEMBRINETIWD-framework (Western
DigitaltE%2, Hr1 {14 Freedom-E SDK gecfligdb) . HUHET “Use default location”  (fdi ]
BRI ED , REHIEF I BT B8 AL

[RVfpgaPath] /RVfpga/Labs/Lab3

File Edit Selection View Go Run Terminal Help PIO Home - Visual Studio Code

@ PIO Home X

Project Wizard

r update existing. In t
ify path to existi

Name: | Project1
Board: | RVfpga: Digilent N
Framework: | WD-Firmy

Location: [l Use default location @

e will create project folder:
3 New 2 Rename @ Duplicate > Revea
Favorites

Lab3

Use ¥¥ to add folde

3. AT H iy % H R HTT RO E SR

SRJE i DEE “Finish”  (GGERD  (ZWLE4)

PLATFORMIO: QUICK ACCESS ) Welcome @ PIO Home & PIO Home X

(]

Vv PIO Home
Open Devices
PIO Account =]
Inspect
Projects & Configuration
Libraries
Boards
Platforms

Devices

v Debug

Start Debugging
Toggle Debug Console Cancel Finish
v Updates

Library Updates

Platform Updates
®oA0 @

B4, SERI H Al
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FEFM “Explorer” (RIEEM ) EHHRAPROJECTT R (WEEFEEI) , XWidiplatformio.ini
FIIFZSCAF (ZWES) o Z3CF APlatforml O as b ST -

File Edit Selection View Go Run Terminal Help o platformio.ini - Project1 - Visual Studio Code

I—_[‘l EXPLORER b platformio.ini ® @ PIO Home
1

> OPEN EDITORS 1 UNSAVED P platformio.ini
v PROJECT1

> .pio

> .vscode

> include

> lib

> src

> test

.aitianore

Y platformio.ini
[env:swervolf_nexys]

rm = chipsalliance
= swervolf_ nexys
rk = wd-riscv-sdk

> OUTLINE
X ®0A0 ® v > W © % Live Share Ln16,Col 1 Spaces:4 UTF-8 CRLF Ini & 0

&5. PlatformlO%#54L3C4F: platformio.ini

¥ LR ACHES AT 7 n B platformio.iniSCE,  WEI6 TR :

board build.bitstream file =
[RVfpgaPath] /RVfpga/Labs/Labl/Projectl/Projectl.runs/impl 1/rvfpganexys.bit

AT AD 48 7R PlatformIO ] DAZE B B 48 2 2L N4k BFPGA EILURRR SCE . Bl B4R 2 7R 52501
RAE LR B . (R MR TERSEERT, ATV “ AN 146R 7 F Rt IR VfpgaNexys
FLhs, #12N: [RVipgaPathl)/RVioga/src/rvipganexys.bit.)i% Ctrl-s {7 platformio.ini S £f .

File Edit Selection View Go Run Terminal Help

@ EXPLORER & platFormi X J

~~ OPEN EDITORS

= [RvfpgaPath]/RVfpga/Labs/Labl/Projectl/Projectl. runs/impl_1/rvfp

&16. i IRVfpgaNexys lLAF i 34 (rvfpganexys.bit) KA E

IR, A48 BRI T 5 528 i platformio.iniSCAt: . 0 5B B AT AR) 75 EE4 4
A HIThEE (Bl UiVerilatorfj L 28 FI#8 42 . 4TSI G OECE . Whisperifid T H%) , A]
PUE ik 7= 48 ¥ platformio.ini.
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SB2. WERISC-VILRIES BT

WAE, FEMERISC-VILHIEF. Bl “File” CfF) — “New File” gt (ZNW
K7 .
File Edit Selection View Go Run Terminal Hg

@ New File Ctrl+N W
New Window Ctrl+Shift+N

Open File... Ctrl+O
Open Folder... Ctrl+K Ctrl+O

Open Workspace...

E7. M3 E P EInsC

BATIF—AZEAE L. & DR (EEHIREN LURRISC-VILgi ey (S K8 .
AT iE A PR B AR IR OISR Y -

[RVfpgaPath] /RVfpga/Labs/Lab3/ReadSwitches.S

// memory-mapped I/O addresses

# GPIO_SWs = 0x80001400
# GPIO LEDs = 0x80001404
# GPIO INOUT = 0x80001408
.globl main

main:

main:

1i t0, 0x80001400
1i tl1l, OxFFFF

base address of GPIO memory-mapped registers
set direction of GPIOs

upper half = switches (inputs) (=0)

lower half outputs (LEDs) (=1)

GPIO INOUT = OXFFFF

P

sw tl, 8(t0)

repeat:
1w tl, 0(t0) # read switches: tl = GPIO_SWs
srli tl1, tl1, 16 # shift val to the right by 16 bits
Sw tl, 4(t0) # write value to LEDs: GPIO LEDs = tl
] repeat # repeat loop

Imagination k214 — RVfpgas#:3: RISC-VIL%iiE 5
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LL"ﬂ RER @ PIO Home & platformio.in = /{ memory-mapped I/O addresses Untitled-1 @
1

File Edit Selection View Go Run Terminal Help

» OPEN EDITORS |1 UNSAVED

PROJECT1
I0

# GPIO _INOUT =

.globl main

II'I ain:

main:
1i te,

, 8(te) ¢ GPIO INOUT

t1, 0(te) = 5
rli t1, t1, ; the rig 16 bits
- )) i s: GPIO LEDs = t1

repeat t repeat loop

&l8. M ARISC-VIL R
TC IR ARG I T Sk L A7 AL 2 LA R ARES AT

.globl main
main:

IC a2 . gLob L AR BEAE T BE R A Rl . 5] AU
(~/.platformio/packages/framework-wd-riscv-sdk/board/nexys_a7_eh1/startup.S) 4L & &R
G B F1ZARAE (main) o RS AE T 40 TARR AR AL BCE — i N W7 A

PERISC-VIL%if% /7 5 s 48 2 s B RE P A IF) . (EIX K2 FIRISC-VIE S iE 5 W5 1. WAL
UEMBHN/O (GPIO) [ A4t 5 ), SRR I BB BOT RAVE I % (HS ALED.

IR MNGE IS, 1%Ctrl-sfRAF 3. K H 444 JyReadSwitches.S, JF{rfFF|Project! H 3k
Tsrex Rt (2K .

Imagination k214 — RVfpgas#:3: RISC-VIL%iiE 5
Hi4<2.0 — 20224E4 H
© Copyright Imagination Technologies 10



Imagination
university programme

’aSave As X
& v 1 < Programs * Lab3 ¥ Projectl ¥ src v O £ Search src
Organize - New folder [=—I (2]
4 Downloads A Name Date modified Type
D Music
. No items match your search.
= Pictures
E Videos
£30S (C) v < >
File name: | ReadSwitches.S v
Save as type: Plain Text (*.txt) 4

A Hide Folders Cancel

9. ¥4 5 F NReadSwitches.S

S 3. K RVfpgaNexys T #,F|Nexys A7 FPGAFH KR
WAE, FHERVIpgaNexys T #5|Nexys A7 FPGATF KR F. WIEGSGHI LIkt e R T
#RVfpgaNexys - A5 LWL, N 30K R AH CH:AE

$$ET&UIJJ§E[X%$EPEI‘JPIatformIOIZH‘/i, JEIT “Project Tasks” (WiHAE%S) —
env:iswervolf_nexys — “Platform” (“F-&) , #AJ5H#.d “Upload Bitstream” ( EALZEURFRD
¥ RVfpgaNexys 2 E|Nexys A7H K AR .

o a] U F PlatformlO 28355 % 11 K #iRVfpgaNexys, J5 i/ HidiPlatforml O & I JE #5255 (1)

“PlatformlO: New Terminal” (PlatformlO: #Frid#&is) %4 (E) A EE NN ESE PN
(B HIRENE) FPlatformlOZ& i

pio run -t program fpga

R4, HFEE. THHZBITRISC-VILRESF

MAERVIpgaNexys CLEFF KR FI24T, T RFERFLET, KT T FIRVpgaNexys,
RIGIZATHARIEF . IR VSCode i RITIT, K HATIF. E—A T H Project1 N %< A &14T
o WmEZTE A AT, EF I FFPlatformIOy &, REHd “File” (Uff) —
“Open Folder” (FTHCHER) FRiFE (HARZFTH) LEASZIG AT H #4762 K Project1.

Rl MR IX S “Run”  Ga47) %4, 8)5 Hiili “Start Debugging” T 4510
#Hl (ZIE10) .
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File Edit Selection View Go Run Terminal Help

P PIODebug | v & & & PIOHome P platformio.in ReadSwitches.S X

~ VARIABLES

main

main:
te
Bl

t1l, 8(te)

repeat:
tl, 0(te)
t1, t1, 16
t1, 4(te)
repeat

&10. ZERVfpgaNexys M 172 %

FE 7 H T 3 2 IEENexys ATFPGATT KR iz 17 fIRVfpgaNexysH . IEI BB 46 1E 47 F i
B2 (ZWE11D

File Edit Selection View Go Run Terminal Help
p PIODebug ~ & @ & POt tFormic ReadSwitches.5 x
v VARIABLES
~ Local
» Global

> Static
main

main:

repeat:
tl, 0(te)
100 by A 16
tl, 4(te)
repeat

&11. 7ZERVfpgaNexys FiZ 1T 2%

RHE “RVfpga N I'145F 7 MsEi2m 457, A A R A AT g e TUs AT AE B
Bln, WUESATIT B E D (ARFRGT AN  REEEFAELL, BFOIFRM

OB, 5T “Stop”  (f21k) fi4 I
AR SE S, RS, BRIk SEERVpgaNexys & 1T

* T 9

Bl (siShift - F5)
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4. %3

PUET AR EE SRR 1925 >], K CIEF B HONRISC-VILgiif 5, €& B CRISC-VIL 4
FEFF . T ERRIL, N OCHERERAE TR UH

WL, WHRENexys A7TH KRS THENURFEERE R L RES, NAEDI ST A R
i, T ERVfpgaNexys E a2 F Atk E. 52, R HNexys A7 &, W75 Eff
FPlatformlO¥RVfpgaNexys & #7 N 2T K ik _E .

WEILAE, W LUE ] Verilatore{ Whisper /i Eix 627

S31. 9’5 — PRISC-VILGFEF, I RHIMEELED L INER. %48 B DA W15 F 8 5 33047 ik
Fo, i NIRRT DA SR BIMEAE INER . K FE iy 4 NFlashSwitchesToLEDs.S.

%32, 9’5 —PRISC-VIL4ife /7, ELED b SRIF ARG HME. #ilhn, RIFRpE (=
#E#) 4. 0101010101010101, MILEDR & 7~: 1010101010101010; i 5 H K MIME M :
1111000011110000, WMILEDRZ7~: 0000111100001111; AKubIHE. HEF N
Displaylnverse.S.

8.3, 4’5 — P RISC-VILwFEF, AW S =it R shLEDR I ¥E, BRI FTHELEDES fsaN
1k R)GIZHE RN EE T, KT % NScrollLEDs.S.

RE PP L AR U ROR

"o, A REHILEDMA A IR .
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