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AVEA—AR37—FTOF v BEODIEER (1) @
Q ERIZDOWNT

> BT Slack ZEAT . BENFLDBEITECNIITIE, BFEA—ILHBEKT
WELMEEIF. BEHLSWIETAIZIMTY FLRAZEAEEEKRT 52 &,

A BEIZDOINT

> SEEIL 15:25~17:05 OB TITS ., 1520 £ TIZEMERERE 42 — 3K, [F{RT
PRITEMEICERT A L, 1545 FTICEF LEWMES. REHRWIZL S,

> IO REDHA. TORIIFEDEITEF I VINRSA Y FOERZITI,
BB TIZACRI L—LZFIAT 5,
D 7“)1/— j{’ﬁ% Check Polnt

> SNDITIL—T%#ERRL. JI—TRATIEREZEELENLET X EH S, BIEHLHE
LTS, ETTIIL—THATHHRL, TNTLHERLEVESE TA PEEI(CER
5L,
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VE1—8F—%F7HF v REOEER () | Q

a HEICDLNT

> BEEICIIHEENHS-60. ETORFEIZKFTITSMITSE, FvIRA4A2 LD
.75 VEER A TJA4 FIZREINTWSERT., FXxDEREZZITH, ETOF v IHRA
VhEVIUTITHEZFZHIET, @Q

D tﬁ%‘ﬂ%ﬁsﬁ%[:’_)[,\f Check Polnt
> BEREEMILFITD FPGATR—FPACRIIL—LZFIATES,

> FILDFPGA R— FOEH L AIGEG DT, MEBD/N—FD T 7ERETICHEKL TAH K
2! .

Nexys4 DDR Artix-7 FPGA7R—
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- [EE] ACRIL—LOY—/ DT

Q ACRIIWV—LDT7HOUFEFELT, ROURLMNGAOTA T

%) ACRi IL—LANESZE !
o

( https://gw.acri.c.titech.ac.jp/wp Q b
— - £5Z%, ACRIJL—AlE, 100 %#BZ % FPGA R— R¥ Alveo, Versal ZETH—/\
\ 7" oS % HEMEUE—rD ST AL THBTE 3 FPGA AIFRE T,
D 7 jj rj -/ I\ b d‘ (d-h[i 7 > ,kw URL 0) /\ % %' 7 jj Ij FBICIEZHYY FHBRETT, HESHNEENSLOMASREE &L <HEAR LT,
I\ é EE Eﬁ_d— é — & o PHIY R ERBELTREEW, BHSNAAMBREZ S —RY ¥ —ci>
TEE - fALEY,

( https://gw.acri.c.titech.ac.jp/wp/manual/apply-for-account O\)) (X552 AFE] ACRI L~ LADOA SR HIT 5~ OEFE,
N

9824H18:00 &3 ICEML £ Ui, SSHERRICI S —MHiBEIE. ssh-keygen -
R gw.acri.c.titech.ac.jp| TEAIFFDEREBHRZHIBRL T LE W, (2024-09-24)

> ACRI )l/ ‘l ‘—G‘i‘ ;ko)ziiﬁﬁo)-? jj I'j > lN §1E% L’ —C L\é o [BIREH] N\—Fo 7 hZ7NICE DBREZELELTWE as006 DY —EX%ZB
BUEL. (2024-06-27)
1. Web I RTLB7HO b

ACRiL—LZLDELTHOIVFYVELT, BEGERRTOIOS IS0
T A K T#H B ACRI HLS Challenge 2Rz LTH D £, it TRALLEET W, F

2. Linux 'U'—/ { A 7\‘/{ Dﬁﬁ 7 j] "7 > I\ v Ly YPBMAHICET 3ER - 34> MM& HLS Challenge IEDWTO T4 —F 4
~NESE,

> 2D0DTF7HHO9FTRL lTA—Y7hHH2 G ZEE->TLNBH, | BRIRTS2—0 _
BARD TR T—F] ARESATVIDTIERET S &, o] e (B2 [P woeamn

A IFHIR—T Ly T IS, vsOXX~VSTXXTIRE A —/I\TEE
DHMD15:00~18:00D%FFHT 5 &, - ~

v
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HBEEOEIORNZA (Project 4)

QB :

> CORBOBMIE. YUY ALZILDRISCYV IOty EFE-T, XF la] 2HAHT 37
toJ)a—KREZE2F, FOFHEEZL I 2L —2 3V EFPGADMA THERT A &,

> COEEIE. 2DDER I nNTULNS,
> Part1: 7L JYEZEIAYSI VT +03alL—3,

1. Tal EVWSIXFEHATET7 VT ) a—RERBT S,

2. Venus T al—4%#FE->T, 7T I— FZHWEICEHRT S,

3. MMEEZIaL—2 3 TEAL, Tal EVWLXFENEASNEINMERT B,
» Part 2: FPGA

1. BHWEICERINfzO— F% FPGA L TETT %,

2. Ta] EVWVSXFAELKENSNEINEHRT D,
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. EEZmEORE (Project 4-Part 1)

QB :

> CORBOBMIIE. Do ILYALZILDRISCYV IOty EFE-T, XF la] #2HHT 37
o JaA—FZES, TOFHEZL I aAL—2 a3 VUTHEERETLSZ L,

» Steps:
1. Tal EWSXFEHANTASAT7EVT)a—FrZRERT S,

2. Venus I aL—42%FFE-T,. 72T a— FEHWEICETRT 5,
3. EWEBEAT)IZEZLAD,
4. HMEZ2I2L—2a3VTEFITL, Tal EWSXELAHBAShEIMNERT S,
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. RVCore ¥V ILHY4A4 I LDRISC-VIOt vH

AZDBEETCHERATARISC-VLOUT LA 0Ty HDELEE

> B—o Oy 9947 )L TOGREEIT,

» 32EY D RISC-V EAXEH MR LY FTHS RV32I #HHR—

> 4KiB D@R/IT—2 AE,

> UART 2> TXFEHATEH=HODAE)TY T K IO,

> ALU (Arithmetic Logic Unit): 1liEE. E v FEE (AND, OR, XOR)., ¥ 7 MEEZHYHR—

> BRU (Branch Resolution Unit): &#-5 15 (branch) 84y, E|EEES IS (jump) eisEx Y AR— bk

> Load/Store: 7/\A I~ (8 bit), /\—T T —k (16-bit), T—F (32-bit) BEATHOAEYDO— KR
TR EYR—

> LVRAT7AIL: 321@0332 EvcLIPRAFEBHL, A5 ENYIT Y OTEERAH,

> BMEZERC L, S, B, U, J RO 50D EMEZE £ /L,
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module m_rvcore in procl.v
(RV32l, single-cycle processor)

r pc TN\
32
w_rrsl ——
- 32 .
2> w_imm
w_rrsl —
) o w_b_rslt
e ~ wrs2 __s|s
32 w_imm_t - <
//
32 5 w_rsl 32 w_rrsl
m_decoder [ 7 ;2 3|2 w st
m_imem decoderl 5 w_rs2 Y ly H——
=>Ir_pc = imem1 - m_regfile | rrs2 t|2] 32 |€
Q [ (32bit x 1024) Z| 5/ regfilel _%_ = W_rrs2
o - W rd (32bitx 32)| w imm - w_mem_adr
< \ J W - D ADDR
- W_ma_rd w_rrsl —> 32
. +
w_Iimm_—— 32 m_dmem
dmem1 w_ma_ld_rslt
D OUT : —ma_id_
Worrs2 (32bit x 1024)
D WE
w_ma_rslt

(The source code of procl.v is available in /home/u_nesrine/ca2024/src)
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L RTYTXFE Ta) #HATETELTUI—F (1/2)

d B #:

> VUL AYIILDRISC-VT Oy H#FE-T, XF la] ZHATS7ET)a—FFEWNTEHH S,
JAyHIEAERYY Iy TENII0T/NM X (UART) EXOVYRERY L., Tal 2FRF9 5,

> BV
> 7OV YHIXUART THNAADBNAEYI YT REEINTILVS T KL X (0x40008000) [T —2 %2 EZAL T E T, XF
&I‘illj] L/T: L)s :/E 1 |/—°/EI )E%gT L/T: [')'3'%) :tbi—égéo tohost_data format
31 17 16 7 0
> CHLOEIREATIAES (S, UART F/34 RISEERET—SDT+—T y b e P
CMD CHAR
4 Ta< > K (CMD)] & TXEF—4 (CHAR)) H 5 3. e R S

> CMD==11& IXFHAaITU K] THY. CHARIZEY FESNTWWB ASCIEZH AT 5,

> CMD==2[Z T#&Ta<T 2 F] THY. ZTa2aL—a %8, TT5, (CHARIFEHRIND)

> &£o T, XF la] #HAITBIZIEX. UART 7 F LR (0x40008000) = TXFHHAHav v K] &X=F Tal @ ASCIl iE
0x61 Z## A&+ 1= 0x00010061 R k7T hlF kLY,

> XFEHAKIE T&TaT 2 K] (0x00020000) % UART 7 RLRIZCRARZLTH S, FAULESHGSEETLAENE
SICEBIL—TITADLIIZT B,
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L RTYTUXFE Ta) #HATETELTUI—F (2/2)

J Pseudo code:
1. UART 7 RLRZLVRARIZEY T 5,

>  reg0 = 0x40008000 (UART T/ 1 XD 7 FL R)
2. UART7 FLRIZZED TXFHAATU K] & TXFT—2] ZADOLPREI2EY FT 5,
» regl =0x00010061
3. UART7 FLRIZT—R2ZFR 7T %,
» mem[reg0] = reg1
4, UART 7 FLRIZT#Tav k] Z2LOREI2EY b 5,
» reg2 =0x00020000
5. UART7 FLRIZT—2 %R +T7T 5,
> mem[reg0] = reg2
6. TAVSLZENULEERITLAEVESICERIL—TICAS,
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=]
52N
=i
] :‘/
=ik

o RTFwT2:Venus S al—4— EEH

dH8:
> Venus 3IaL—432—%F-T, SLbL=7E T a— FZHEWMEEIERT 5,

(https://venus.c561c.org O\)

> EfID4 J Editor > T, RISC-V 72T a—FEEL,

> XIE#A J Simulator #{# > T. Assemble & Simulate "2 > %5 Jvy4o LT, I alL—4—Ta—
FEETI 5,

> DUmpR 74> T., O— FHDIRTOWRFEDIERKRTEERT D,

> ZMD1%. Download Z#3 &. HAShIEBBEZTTRA NI 74 ILICaE—TF 5,
> J7 4% (fHl: samplel.ixt) ZAHNLEET S,

CSC. T363 Computer Architecture, Department of Computer Science, Science Tokyo 12



L ATV T HMEMEEATYICEEAD

ad B/:
> BWEZ Aty UNEFTTES LS., AEY 291 5,

> Venus> 2 alb—4A3—mo Ao 00— kFLI-BREEZFEITA T ERICELRL. mem[ ] &5
CEZFACVELRH S,

> ZMETEELWATYZRLRICENYHET, 7O YR EFENETETTEDLIICETET S,

> R Zo7JnovXRIZkY., Venus o F-HEMENELS AE)IZO—FKEN, 2T al—
AV VFEIIFPGATETTE S &L HITH 5,

sample1.txt
« {5]: 0X 00000013 & LMS #EMiEEZE mem[ 0] = 32'h 8"888888;
00000013; ITEH#L T, A*EFYDT FLROIZHEHH o§000000b3
95, 0x00000133
> 0X 00000013 [FRISC-VAi S D16 EFHFKIH, 6x000001b3
> mem[ 0] =32'h 00000013; [F. *FE'DHE sample1.txt
DT FLRA(CHDIZEIX0EB) ITHEWEE 7 18 1A I mem[ ©] = 32'h00000O13;
— . mem = "h >
ERCYELIE a m:m% S = gg'hggggggég,
mem|[ 3] = 32'h00000133;
mem[ 4] = 32'h000001b3;
mem[ 5] = 32'h00000233;| 13
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,”EEE\‘ — N oy 5 T
ap ATY J4: o Salb—d3 Y

O B/:
> BEWMEZXZTIaL— a3 TEITL, ELLEEZERT 5,

$ cd ~/ca2024/

$ cp /home/u_nesrine/ca2024/src/procl.v .

$ /tools/cad/bin/verilator --binary -o simv procl.v

$./0bj _dir/simv

- N = VERIFY is defined and generate verify.txt
fa] EWVWSIXFEMNELCHEASN S — [
simulation finished.
- procl.v:411: Verilog S$finish
-Simulation Repor t: Verilator 5.028 2024-08-21

- Verilator: S$finish at 900ps; walltime 0.005 s; speed 973.741 ns/s
- Verilator: cpu 0.001 s on 1 threads; alloced 8 MB

CSC. T363 Computer Architecture, Department of Computer Science, Science Tokyo

Check Point 4

14



T

CSC. T363 Computer Architecture, Department of Computer Science, Science Tokyo

Project 4

(Part 2)

15



. ETEZEWEEONE (Project 4-Part 2 )

QB :

> CORBOBMIE. YUY ALZILDRISCYV IOty EFE-T, XF la] 2HAHT 37

toJ)aA—FHFES, TOEMEER FPGATHR T S &,

» Steps:
1. # L L\ivado Project Tproject 41 %1E%,

2. UYL (maindv) T Oy HDIEET B,

3. Clocking Wizard Tclock #Zit =t 5%,

4. VIOZHRET %,

5. N F)HEATAEDAR (samplel.txt) BKHE DT 5,
6. UARTICK D) 7IL@EIE,

7. VIO T Ta] EWSXFENHEASNLINERT D

CSC. T363 Computer Architecture, Department of Computer Science, Science Tokyo
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Q #7L L\ivado Project lproject 41 #{E%.

Q 2—FIJ)LTROaT > KEAAL, Vivado #E&EENT 5.
Q [lVivado 2024.1] #FBT 5,

Ele Flow Tools Window Help
HLx Editions

$ source /tools/Xilinx/Vivado/2024.1/settings64.sh Quick Start

$ vivado &

O Select Create Project, Click Next
 Project name “project_4" and location Learning Center

“lhome/your_username/ca2024” are selected. e
» Check “Create project subdirectory”.

- AT v F1:HH L\ Vivado Project 215 (1/2)

& XILINX

L Click Next
In Default Part window, select Parts, and write
XC7A35TICSG324-1L.

CSC. T363 Computer Architecture, Department of Computer Science, Science Tokyo
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ZE|
52N
=i
] l:l/
=ik

5 ATy F1:3H L Vivado Project 215 (2/2)

$ cd ~/ca2024/project 4

 Source COdG%:l to——d—é $ cp /home/u_nesrine/ca2024/src/main4.v .
0 _Ej_)l/'—é, 774“/,&: If—?'éo $ cp /home/u_nesrine/ca2024/src/main4.xdc .

Q /home/u_nesrine/ca2024/src/ IZIREFE SN TLVS maind.v & maind.xdc Z, {EpkL7=70
o DT 4 LY b1 ~/ca2024/project 4 [CaAE—TF 5,

O Click Add Sources, then select Add or create design sources and click Next.

O In Add or Create Design Sources window, click Add Files, select main4.v in project_4
directory, and click OK.

U Click Finish.
O Click Add Sources, then select Add or create constraints and click Next.

dIn Add or Create Constraints window, click Add Files, select maind.xdc in project 4
directory, and click OK.

U Click Finish.

CSC. T363 Computer Architecture, Department of Computer Science, Science Tokyo 18



AT T T YA )L (maindv) TAtE vy HDELE

Main4.v (Source code available in /home/u_nesrine/ca2024/src)

O m main EDa—JLZSTR I, [odiec nmain

input wire w_clk, // 100MHz clock signal

% \ ] ) . ire w_uart_ // data line f C G
[a) OIGEMEAVIOZELT | o e 00 G L (o
iiE:7I< E§:Jf1/‘%5’75\“E¥Eiiﬁa-?;_ 25)() );

//Code

// Checkpoint 5: Complete here
reg [7:@] r_tohost_char;
reg [1:0] r_vio_tohost_cmd;

always @(posedge w_clk5@m) begin
//Complete here
end

vio_@ vio_inst (
.clk 0, // Complete here to connect to the 50 MHz clock
.probe_in@(), // Complere here to connect UART character to VIO input
J;

endmodule

CSC. T363 Computer Architecture, Department of Computer Science, Science Tokyo
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4 Click IP Catalog

O Double click Clocking Wizard in IP Catalog window

Flow Navigator =0 ? =
v PROJECT MANAGER
£+ Settings
Add Sources

Language Templates
¥ IP Catalog

> IP INTEGRATOR

<

SIMULATION

Run Simulation

<

RTL ANALYSIS
> Open Elaborated Design

<

SYNTHESIS
P Run Synthesis

> Open Synthesized Design

<

IMPLEMENTATION
P Run Implementation

> Open Implemented Design

<

PROGRAM AND DEBUG

¥ Generate Bitstream

> Open Hardware Manager

= RFwF3: Clocking Wizard Tclock ZZF{L &3 (1/2)

Project Summary x| IP Catalog x

Cores | Interfaces

Ql = & ® w 4 @ o,
Search: Q- clocking (2 matches)
Name Al aAxia

v [ Vivado Repository
v [ FPGA Features and Design
v = Clocking

| = Clocking Wizard | Ax14

Status License VLNV

Production Included  wilire com:ip: clk_wiz 6.0

CSC. T363 Computer Architecture, Department of Computer Science, Science Tokyo




Q 50MHzD 7 Oy Y ZzHNT HIPZERT S,

» In Output Clocks, set the frequency to 50.000 for

» In Generate Output Products window, click
Generate.

AT v 73:Clocking Wizard Tclock 2Z{t&& 3 (2/2)

clk_outl to generate 50MHz clock signal. Click OK.

Clocking Wizard (6.0)

© Documentation

IP Location C' Switch to Defaults

IP Symbol Resource

) Show disabled ports

|

111

F+++)

reset

clk_inl

clk_outl
locked

Component Name | clk_wiz_0

Clocking Options

Re-customize IP

Output Clocks Port Renaming | MMCM Settings | Summary

A

The phase is calculated relative to the active input clock.

Output Clock
) clk_outl

clk_out2

Output Clock

Port Name
clk_outl
clk_out2
clk_out3
clk_out4
clk_outs
clk_out6

clk_out7

Output Freq (MH2) Phase (degrees) Duty Cycle (%)
Requested Actual Requested Actual Requested A
50.000 50.00000 0.000 0.000 50.000
0.000 50.000
100.000 0.000 50.000
100.000 0.000 50.000
100.000 0.000 50.000
100.000 0.000 50.000
100.000 0.000 50.000

Sequence Number

1
ik
1
1
1
1
1

Clocking Feedback
Source Signaling

®) Automatic Control On-Chip
Automatic Control Off-Chip
User-Controlled On-Chip

User-Controlled Off-Chip

CSC. T363 Computer Architecture, Department of Computer Science, Science Tokyo



. RFwFAVIOEFE-T-FEET 3

O &F#&IZ. VIO (Virtual Input/Output) Z{# - -2 3,

project_21 - [fhome/u_nesrine test/ca/project_21/project_21.xpr] - Vivado 2022.2 B ©® ¢
File Edit Flow Tools Reports Window Layout \View Help 3 write_bitstream Complete -
= - =] X > ¥ 8 X ¥ Dashboard ~ == Default Layout v
-~ N ~ I Flow Navigator e 7T -lo  tcf/Digilent/21 031 9AE1875A 2
D Vl O @ I / 7 4 l b— y I , . v PROJECT MANAGER “| @ There are no debug cores. Program device Refresh device
[ ¥ Settings
Sources x Hardware ? _OG |code202v x| IPCatalog T . 200
Add Sources
- r Qe o et et ype vio
1. VivadoT IP Catalo 3 vio
. ~ 71 o [Fromms v = Design Sources (2 al = 2 7 @ 4 @ o, o
~ @2 m_main (code202.v) (2
@ m_UartRx0 : m_UartRx 202 ggar:h:l L vio ll match)
> = — =JUL =2 . [~ P INTEGRATOR @ m_UartTx0 : m_UartTx 202 Name AT axia Status License VLNV
. , ~ Ex E . Create Block Design > = Disabled Sources (1 « = Vivado Repasitory
Block Desig > & Constraints (1 [ Debug & Verification
> = Simulation Sources (2 . "
> [ Utility Sources (1 I: VIO (Virtual Input/Output) I Production Included  xilinx. com:ip:vio: 3.0

> Input Probe Count: 1 i

Run Simulation

~
Double click e

v RTL ANALYSIS

)
> Probe Width: 8

v SYNTHESIS IP Properties

P Run Synthesis

3. Click Generate and click OK if asked in s

¥ VIO (Virtual Input/output)

I: Component Name vio_0

Generate Output Products window. e

probe ports use Vivado Tcl Console

can both monitor and drive internal FPGA signals in real time. The number and width of
ice with the FPGA design. Because the VIO core is synchronous to the design being
n are e the VIO core.

applied to the components insi

D |:\‘ w I‘ Z I‘ U —.l.\ % ﬂi,’jz L/ FPGA‘_ 70 O 7“ 5 .l.\ General Options PROBE_IN Ports(0..0) PROBE_OUT Ports(0..0) §e logic analyee Teamune
~ N—

Input Probe Count 1 [0 - 256] o
-a_ é ° Output Probe Count IO [0 - 256]

) Enable Input F

Component Name vio_0

T To configure more than 64 probe s use Vivado Tcl Console

General Options | PROBE_IN Ports(0..0)

Probe Port
PROBE_INO

Probe Width [1 - 256 ]
8
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L RTYTSRAFURRTAEYORBHEHT S

QB :

> Python 7 7 4 JL (generate_bin_file.py)
ZEOSTAEVDODRABTZNA T UER
[CZHET B,
> generate_bin filepy ER LT« L
42 k1) IZ samplel.txt £ HE,

$ cd ~/ca2024/
$ cp /home/u_nesrine/ca2024/src/generate bin file.py

$ python3 generate bin file.py

generate_bin_file.py

import struct

with ( , ) as file:

hex_instructions = [line.strip() for line in file.readlines()]
with ( , ) as bin_file:

for hex_instruction in hex_instructions:
(hex_instruction, 16)

instruction =

bin_file.write(struct.pack( , instruction))

(Source code available in /home/u_nesrine/ca2024/src)
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’\) AT v 76: UARTIZ&K B 7ILEE

QUART ZRWT/ANL F ) T—2 % FPGA 123X T %,
Q 2—=FILZEAVT, ROOT 2 F%EZEITL T samplel.bin ZFPGAIZEET 5,
» GtkTerm THR—L— b EZREL THhLAT U FEETITSHI &,
» cat samplel.bin > /dev/ttyUSB1

Terminal

u_nesrine@vs305:~/ca2024/srcS cat samplel.bin > /dev/ttyUSB1

CSC. T363 Computer Architecture, Department of Computer Science, Science Tokyo
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- RFYTTVIO T Ta] EVSXFEHRHAShDIIRET S

> £ L1z samplel.bin #:X{EL T, s shi=T—2DEN 0x61 £G5S L%
VIO #RWL\THERT 5,

hw vio 1
o T 2 =
Value  Activ... Direct... VIO

Name
> 1. r_tohost_char[7:0] [H] 61 Input hw_vio 1 Check Point 5
> s r_tohost_ cmd[1:0] [H] 2 Input hw_vio 1
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