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e ;ESI(X 8:50~10:30 TY . 8:45F TCIZE=MEIFFE#HR U 2—3 FHIFSR x
FTEME ICRFOTZEL.

e ACRIIN—LDYALT, JEEDH®D 6:00~9:00 & 9:00~12:00 OEfEwZ
FH#IZ LTSN

o vs MOIRFDAY—/NEERLTFRTHIE. FHIH20DBEHF TRILCY —
INEFTRTHE.

« BIYVVDAERETIFREOIC, BTV DRAFDRED2XFEII2~15(FEH
Uy, BIRRIZIE vs001~vs011, vs101~vsl111, vs201~vs211, vs301~vs311,
vs401~vs411, vs501~vsbH1l, vs601~vs610 MinE ST E.

« https://gw.acri.c.titech.ac.jp/wp/ “

ACRi JL—OAKSZE!

| mzssa—n
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ACRIJL— L DY —/\—FTE

BIVVDERETITAE=O1Z, REIDUVDAFIDREZED2XEMNI2~15FFEHLLN.
BRMIZIE vs001~vs011, vs101~vsl1l, vs201~vs211, vs301~vs311, vs401~vs4i1,
vsH01~vshH1l, vs601~vs610 MHE ST E.

Arty A7-35T x 15

vsO01~ vs1l01~ vs201~ vs301~ vs401~ vs501~ vs601~

@3 vs015 vs115 vs215  vs315  vs415  vs515  vs610
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OVEa—R iR ET JEE (Exercise)DFE R x
\

e SEEIXACRII—LZEZFABLET,
e 3~ANDITIN—THEERLET. FOTIL—THNTIEHEHREZEELEBELLGLALEEE
HEHTLESLY.

« MREIXT IIL—TNTHHMLTERRT S, HDHLIE BHDTA(Teaching
Assistant) P& ICERL TLZSL.

« EBICRHEERNHYET. KETITSHLAEHFELELLD.

o JEHRATARIZFIVIRACDRDNGH DGR, FEFHEZELTELIGMT
9. I RTOFvIRAEET)T7LELLD.

o HEFRTLHLTHLACRIIL—LZFATEEY. IRETE, 181248 (3FFfE x 4
B= 126 ZFBATEET  MBD/N—F O T7ERETTETHELEL L.
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ACRIIL—LDA—H—& %

« REERERTACRIIL—LDTHIVIEF>TONIE, BREHYFEA.

o FEAYT-EHLTWGTIIEL § ROVATHERLI—F—DFHEZLT
it 1AY
« https://gw.acri.c.titech.ac.jp/wp/
o BREOA—IILTRLRIZE m.titech.ac.jp ZHLNVS L.

ocEax Bo»Q

B+ MRERR

ACRi JL—ILNKSZE!
D2021.01.14 ©2020.06.14

ACRi )L—LDIEHR
£DTF. ACRIJL—A(L, 100#1%Z#BZ D FPGA 7R— KX> FPGA StarterBOX =& : 5

BH—) GHEWEUE— M B3PI AUTHATE S FPGA FIRERIETY.
&>5c%
New) BRIRZS1—ILEUS1—TILELR, A—SBBETBTERR

TOY— ) OFHURREFTYITEET, (2021-01-14) FHs-=Shvd

TaA—REXAITFIRIER
| BRIRTS1—IL

ITA—31h

<#lH 2021-04-11* v ¥H> ®# FrSU—EEiER
L 20001 as001 25002 25003 25004 }
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Exercise(1)
- \

* Project_O
* ACRIIL—LDETERIC)E—ITRIMTTHERT S.
* FPGAIZIZ#t TS HLZHERT 5.
* Project_1
* FPGAZOLJ4Fal—23 9570 tREEETS.
* VIOZRUWTFPGADENMEZ) E—FTHERT 2T EZTERET L.
* Verilog HDL ##w&EL T, 4EYb IO ADEIREEELT, 3E%

FEEET .
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ACRIIL—LDOFIAHIZEEL T

\
e ssh #fRULVT. ACRIIL—LTOT A LTWA{REE< > (vs001 2%
HE)VDOHNENZT O ERT A EILTEEEA.

e RETI(vs001 4 E)TIE, DT ITTOHERFLELNTLES
LY.
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Windows 10, Windows 11 ZF|HL TL\5I15 45

« ROITOTRFESHITERT S,

Windows 10 M) E—k TRIMYTH##E 1T FPGA FIAIRIE (ACRI JL—L)
ZfES

« https://www.acri.c.titech.ac.jp/wordpress/archives/283

& Windows 10 QTUE-F FATRvT x | +
e

O B https//www.acri.c.titech.acjp/wordpress/archives/283 =4 3=

?ﬂ ACRi

Windows 10 @ [UE—F TR b v 71k T FPGA #|HBRE (ACRi L

— L) Z{ES
LIII

9 2020.08.03 @ 2020.03.22

ACRi @ FPGA #IFE#E (ACRIL—L) ICERT2FZAZAOFEEL EHET, L 2D Windows

10markE

2—FEFELTWT, 2Ih6F Ry F7—7omI 5O Ubuntu A°4 2 b —JL &7 Linux @

JvEa—%
ICEETB3AETY, Windows 10ICA-Tw3 TUE—K T2 v 7EE]

EEVET, F7o, TeraTerm

rRliFhBE—I LI aL—kEFELES,

ACRi b — L dFI5:ERIE 2020 E8F 1B A SHEFE - TWET
E C
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macOS & F,

LTW5:E

« ROTOTERFESEITEKRT S,

*  macOS DI Microsoft Remote Desktop 101T FPGA FIFIRLEE (ACRi JL—L) Z{FES
« https://www.acri.c.titech.ac.jp/wordpress/archives/1730
*  Microsoft Remote Desktop has already been installed on your Mac environment, so

refrain from trying to install it again.

*  (Mac MS Remote Desktop) "User account: Add User Account..." cannot be used in your environment.

& macOS MM Microsoft Remote De: X | +

?ﬂ ACRi

macOS @ [Microsoft Remote Desktop 10| T FPGA #|AIEE (ACRi L

Il

—L) #{ES

10.146ZRVWTHEBLET,
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Ubuntu TA—=7FJL&Vivado 36 LIFHS

° I) F— |\ 7—-x7 |~\y7°:f§;'ﬁ I E(CRREHUE Activities &ULVSEBHY. Windows TED &AM RS — XA 1 —I(C \

IB0FET, VUV ITIEEENELLIRD, W<DHD>3— My bR RENET, &

L’T: §Ubun1-u_l_0) . F(EHhBAY—=FHI)LEEBFUFE UL D, PROBRFERIC terminall 72LU Tterm] &
g_sj_)l/élLEJ:H—é ANTDE A—=ZFILAEDMDEIDOT, JUvIULTEEUET,

=7 IVERLE) 9

e A—IZFI)LTHROAYEEZAAL, FPGARAFEA®DY I+ 7 Vivado ZeET 5.
« [Vivado 2022.2 1%## AT 5.

$ source /tools/Xilinx/Vivado/2022.2/settings64.sh

$ vivado &

H—){T Vivado & Vitis (F/z(d SDK) ZEAT S

o A—IF)LDEEEH), Vivado DEENZEI T DHEFMIE.
RDERESEICTH L.
ﬁ https://gw.acri.c.titech.ac.jp/wp/manual/vivado-vitis

F—=F)LH'BO Vivado & Vitis (SDK) D28

13
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8 : Ubuntu TR—SFILEFIIBLEITHRIDAE i&‘
\

« Ubuntu T RAIMYTT Ctrl + Alt + T DX —ZRIFFICHT E4—3F
LD LMD,

* Mac DVE—FTRIMYTTHLVTULYS Ubuntu TIl& control + option
+ T OF—ZRFFICHTEI—ZIFILNIALL LN D.
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FPGAIZIEf T=AHLETEER

Invoke Vivado 2022.2 by typing "vivado &"

Select Open Hardware Manager

Click Open target and select Auto Connect

xc7a35t will appear
Please exit Vivado

Vivado 2019.2

Flle Flow Tools Window Help = Q- OuickAccess

VIVADO!

HLx Editions

Recent Projects

Quick Start e

e/tu_Kkise/test01/mair
Create Project >

Open Project >

Open Example Project >

Tasks
XilinxX oTe

Learning Center

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

Tcl Console

& XILINX.

This should be Vivado 2022.2

Vivado 2019.2 x
File Edit Tools Reports Window Layout \iew  Help Q- Quick Access
|=" £ ] Dashboard == Default Layout v
HARDWARE MANAGER - unconnected ?

@ Mo hardware target is op@n. Open target
| B _Auto Connect

Hardware
F<
Open New Target...
No content.
Properties ? 00X
&
Select an object to see properties

Td Console x Messages | Serial I/O Links | Serial I/O Scans ? -00
a = = Il B E @
. start_gui -~

- open_hw_manager
. INFO: [IP_Flow 19-234] Refreshing IP repositories
. INFO: [IP_Flow 19-1704] No user IP repositories specified
INFO: [IP_Flow 19-2313] Loaded Vivado IP repository '/tools/Xilinx/Vivado/2019.2/data/ip'.

K >
Type a Tcl command here

Hardware ? 00
Q = = e
Name Status

w I localhost (1) Connecte

~ B rilink_tcf/Digilent/210319AE1¢ Open

Programm|

CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH
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FPGAICE i CSa MG S

e A—3FI)LHn, FTHLEY—N\ZBEEL T, BHkE.
« sudo reboot

* ACRI IL—LICEATEXHSHEM (FAQ) MNBIFTNS ?
* https://gw.acri.c.titech.ac.jp/wp/manual/faq

vsXXXTVivadoZiEHI UL S5ETHETIS—CRATETEEA

VivadoZEEILEDELTH. EEAERE

Aib/ =86 641 inux-gnu/ | ibe.so . B{+0x3efdD) [Ox7fal90fefdl]
Htools/Hi imeivado/2019.2/11b/ TnkB4 .o/ 1 ibrdi_common.so(+0xc0f9ac)
[0x7fal9d372%c ]

DESRTS—MRELEHSHULZVESHTEDET, TOESEOT1>LTVWBAVMED
—kUTHTLEEW, UTJ—R3BICE 9—ZFILET

$ sudo reboot

EAPAULTLIZELY,
K CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH
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Ub

¢ ROEFZSEICI—IFIERBLT, VivadoZi£EIT 5.

untu TA—=37FJ)L&Vivado ZiI6 EIFHS

« H—/\T Vivado & Vitis (F1=1% SDK) 2EHRT 5

<

* https://gw.acri.c.titech.ac.jp/wp/manual/vivado-vitis
« [Vivado 2022.2 |%FIFR9 5.

& H-UT Vivado & Vitis (£E[5 SDI x |

& O & httpsy//gw.acri.c.titech.acjp/wp/manual/vivado-vitis pid ¥= S e

H—)\T Vivado & Vitis (E£7=(d SDK) ZEATS

D2020 0729 © 202006 30

TOA—TTE. UE— RFR v ST ACRI Room OB —/JUciE& Licdh &, Vivado HBL(E
Vitis (SDK) Z@HT 2= TOFIERFRALTT, TRUE— T RI Ly T TEELTORVESE. F
EEEBEORBEEEELTUZE,

¥ J{—23202019.20. TNET SDK EFENTLZW—)LIF Vitis (CHiaE=NnEU.

A—ZFILHMSD Vivado & Vitis (SDK) (Di2Eh
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Create a new project (1/3)
\

« TInvoke Vivado 2022.2 by typing "vivado &" BNt a IO e e VU L P PR YR S S L PR
 Select Create Project, Click Next b vivado &

* Project name "project_1" and location "/home/username/cld" are selected.
* Check "Create project subdirectory”.

—_

Vivado 2019.2 x New Project X

File Flow Tools Window Help
| Project Name

Vl\/ADO' :V XILl NX Enter a name for your project and specify a directory where the project data files will be stored. '
7N ®

HLx Editions

. Project namey/” project_1
Recent Pro]ects -

QUICk Sta rt L —— Project locatilg: |fhome!‘tu_kisea'c\d| / “z‘

Create Project >

[¥] Create project subdiree
Open rroject >
Open Example Project > Project will be created at: fhomeXu_kise/cld/project_1

Tasks replace tu _kise by your username

Manage IP >

Open Hardware Manager >
Xilinx Tcl Store >

Vi

Learning Center

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

.‘ )
N/

Tcl Console

K CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH 19




Create a new project (2/3)
\

* InProject Type window, select RTL project and click Next.

« In Add Sources window, click Next.

« In Add Constraints (optional) window, click Next.

« In Default Part window, select Artix-7 in Family, select csg324 in Package, select
-1 in Speed. Then select Xc7a35tcsg324-1 and click Next.

New Project x
Default Part
Choose a default Xilinx part or board for your project. '
Parts | Boards
Reset All Filters
Category: | All - Package:  csg324 v Temperature: Al Remaining
~ @ - Static power:  All Remaining
Search: -
Part /O Pin Count  Available I0Bs  LUT Elements  FlipFlops  Block RAMs  Ultra RAMs  DSPs  HMICX  BUFGs A r\t A7 ' - *AII ﬁ é*L 'C l' \ é
xc7alst 324 210 10400 20800 25 T 32 y ! i = |

/j——- =T
[xc7a35tesgazal | 324 210 20800 41600 S0 0 90 3 J:FU
W 324 210 32600 65200 75 B 32 F PGAo) = % ‘j:

xc7a75tesg324-1 324 210 47200 94400 105 0 180 2
xc73100tcsg324-1 324 210 63400 126800 135 0 240 32 xc 03 51.C593 24 1 —cs-a—
7 -

select here

<

CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH 20




Create a new project

« Confirm summary in New Project S

inish.

New Project

New Project Summary

VIVADO!

ML Editios

@ A new RTL project named 'project_1' will be created,
Mo source files or directories will be added. Use Add Sources to add them later,
Mo constraints files will be added. Use Add Sources to add them later,

@ The default part and product family for the new project:
Default Part: xc7a35tcsg324-1
Family: Artix-7
Package: csg324
Speed Grade: -1

& XILINX

To create the project, click Finish

)
)
N/

\

(3/3)

ummary window, and click

project_1 - [/home/tu_kise/cld/project_1/project_l.xpr] - Vivado 2022.2 X
File Edit Flow Tools Reports Window Layout ‘“iew Help c ck Acc Ready
=, | T Default Layout v
Flow Navigator PROJECT MANAGER - project 1 ? X
~ PROJECT MANAGER 5
Sources ? O %  Project Summary ?2 00X
£ settings
Q = 2 + -3 Overview | Dashboard
Add Sources
‘ Design Sources "
ranguage Templstes 5 Constraints Settings  Edit
¥ IP catalog - Simulation Sources Project name: project 1
sim_1 Project location: Jhomeftu_kisefcldiproject 1
v IP INTEGRATOR > [ Utility Sources Product family: Artix-7
Create Block Design Project part xc7a35tesg324-1
en Block Design Top module name: Not defined
Target language: Veriog
Generate Block Design | [735iiiismesne s ot st s s s ss e e e
! Hierarchy Lbraries  Compile Order Simulator language: Mixed
v SIMULATION P s
Properties —ooXx Synthesis
Run Simulation
= Status: Not started
v RTL ANALYSIS Messages: Ne errors or warnings
> Open Elaborated Design (Pl B ERIRE P
Strategy: vivado synthesis Defaults
Report Strategy: vivado synthesis Default Reports
v SYNTHESIS
Incremental synthesis:  Automatically selected checkpoint
P Run synthesis
> Open Synthesized Design DRC Violations >
< >
~ IMPLEMENTATION
Tel Console | Messages | Log |Reports x ?_00G
P Run Implementation
> Implemented Design aiz/= %
Name Constraints  Status Start Elapsed WNS TNS WHS THS TPWS Total Power Failed Routes Methodology F
v > synthl  constrs_l Mot started
~ PROGRAM AND DEBUG = -
impl 1  comstrs 1 Mot started
fi Generate Bitstream
> Open Hardware Manager
< 2

CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH



Bitfile generation and FPGA configuration (1/7)

A
« BA—IFJLT, TJ7MILEIE—T 5. %%

« /home/tu_kise/cld/2023/ [ZRTFSNTL VS code057.v & mainll.xdc Z#,
ERL-T 029D T4L IR ~/cld/project_1 [CaE—T 5.

« /home/tu_kise (& automount D TALIK)IEDT, PORALEZWNETFAIL
MR ZIGEL. tabF—IZK SN IFIELGLZENH LD TIEET 5.

« EHZE®DIsaAYURT, code057.v & mainll.xdc MBRSNDZEFHEER.

ls /home/tu_kise
cd ~/cld/project_1
cp /home/tu_kise/cld/2023/code@57.v .
cp /home/tu_kise/cld/2023/mainll.xdc .
1s
code@57.v  project 1.cache project 1.ip user file project_1.xpr

mainll.xdc project_1.hw project_1.sim

22



Bitfile generation and FPGA configuration (2/7)

« Click Add Sources, then select Add or create design sources and

click Next.

* In Add or Create Design Sources window, click Add Files, select
code057.v in project_1 directory, and click OK.

« Click Finish.

project_1 - [/home/tu_kise/lcd/project_l/project_l.xpr] - Vivado 2019.2 x
File Edt Flow Tools Reports Window Layout View Help uick Acces Ready
= « BB X Default Layout v
Flow Navigator PROJECT MANAGER - project_1 2 X
v PROJECT MANAGER .
Sources 2 _ O X  Project Summary 200X
£} Settings
Q =2+ -3 Overview | Dashboard
q Add Sources
‘ Design Sources A
Language Templates 3~ Constrants Settings  Edit
4F IP catalog ~ = Simulation Sources Project name: project_1
sim_1 Project location: /homeftu_kise/lcdiproject
¥ IP INTEGRATOR > [ Utility Sources Product family: ArtinT
Create Block Design Project part: Arty A7-35 (xc7a35ticsg3
Top module name: Not defined
Hierarchy  Libraries Target language: Werilog
Simulator language:  Mixed
Properties ? 00X
v SIMULATION
- Board Part
Run Simulation
Display name: Arty A7-35
~ RTL ANALYSIS Board part name: digilentinc.com:arty-a7-35:p
> ©pen Elaborated Design o see propertie o] et ED
Connectors: No connections
v SYNTHESIS Repositary path: ftools/Xilimgvivado/2019,2/d
v
P Run Synthesis < >
> Open Synthe Tcl console | Messages | Log | Reports | Design Runs x 2 _0@
Q = 2 %
v IMPLEMENTATION
> Name Constraints ~ Status WNS TNS WHS THS TPWS Total Power Falled Routes LUT FF BRAM UR
RUN Implementation
~ [ synth 1  comstrs1 Mot started
> Open Implemented impl1 constrs1  Not started
~ PROGRAM AND DEBUG
i Generate Bitstream
> Open Hardware Manager
< 2

Add Sources x

Add or Create Design Sources

Specify HDL, netlist, Block Design, and IP files, or directories containing those file types to add to your project. Create a '
new source file on disk and add it to your project.

Pl
Index Name Library Location
® 1 code057.v  xil_defaultlib  fhomeftu_kisefcldfproject_1
Add Files | | Add Directories | | Create File

Scan and add RTL include files into project

Copy sources into project

| Einish ‘ | Cancel ‘

CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH
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Bitfile generation and FPGA configuration (3/7)

e Click Add Sources, then select Add or create constraints and click

Next.

« In Add or Create Design Sources window, click Add Files, select
mainll.xdc in project_1 directory, and click OK.

« Click Finish.

project_1 - [/home/tu_kise/lcd/project_l/project_l.xpr] - Vivado 2019.2 x
Fle Edit Flow Tools Reports Window Layout VWiew Help Quick A Ready
= « LT Default Layout v

~ PROJECT MANAGER

Flow Navigator " PROJECT MANAGER - project_1 ? X

Sources % _ O %% Project Summary 200X
£ Settings
Q T 2 + -3 Overview | Dashboard
q Add Sources
; Design Sources W
Language Templates > = Constraints Settings  Edit
“F P catalog ~ - Simulation Sources Project name: project_1
sim_1 Project location: /home/tu_kise/lcd/project
v IP INTEGRATOR > & Utility Sources Product family: Artin7
Create Block Design Project part: Arty A7-35 (xc7a35ticsg3
 Block Decion Top module name: not defined
: Hierarchy Llibraries  Co Target language werilog
Generate Block Design Simulator language:  Mixed
Properties ?_0GX
v SIMULATION
- Board Part
Run Simulation
Display name: Arty A7-35
© RTL ANALYSIS Board part name:  digilentinc. com:arty-a7-35:p
> Open Elaborated Design Board revision 0
Connectors: No connections
v SYNTHESIS Repository path: #oolsiilinkvivado/2019.2/d
v
P Run Synthesis < >
> synthesized Design Tcl console | Messages | Log |Reports |DesignRuns  x 2 _0@
a = = %
~ IMPLEMENTATION
b Run mplementation Name Constraints  Status WHS TNS WHS THS TPWS Total Power Falled Routes LUT FF BRAM UR
~ [ synthl  comstrs 1 Nt started
> Openimplemented Desig impl1 constrs_1  Not started
~ PROGRAM AND DEBUG
i Generate Bitstream
> Open Hardware Manager
< >

Add Sources

Add or Create Constraints

Specify or create constraint files for physical and timing constraint to add to your project.

Specify constraint set:

+

4

constrs_1 (active) -~

Constraint File  Location

mainll.xdc fhomejtu_kisefcld/project_1

Add Files | | Create File

Copy constraints files into project

w‘ Cancel ‘

CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH
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Bitfile generation and FPGA configuration (4/7)

Click Design Sources then you will see code057.v in the project.
Click Constraints then you will see mainl1.xdc in the project.

Click Generate Bitstream, click Yes, click OK, and wait around two minutes.

Language Templates

<F IP Catalog

~ IP INTEGRATOR

Create Block Design

Design Sources (1)

® = m_main

Constraints (1)
w . constrs_1 (1)
I mainll.xdc
Simulation Sources (1)

Settings Edit

Project name:
Project location:
Product family:
Project part:

Top module name:

project_1
/homeftu_kisefcld/project
Artix-7

Arty A7-35 (xc7a35ticsg3

m_main

project_1 - [/home/tu_kise/cld/project_l/project_1.xpr] - Vivado 2019.2 x
File  Edit Flow Tools Reports Window Layout View Help Quick Acces Ready
=, | T - Default Layout ~
Flow Navigator PROJECT MANAGER - project_1 ? X
~ PROJECT MANAGER .
Sources ?2 00X Project Summary 200X
£¥ Settings
| Overview | pashboard
Add Sources Q + bl ashboart
v '\ -~

No Implementation Results Available

Open Block ge
i l C Target language: Verilog
Generate B 40 e simulator language: Mixed
Properties ?2 00X
~ SIMULATION
o Board Part
Run Simulation
Display name: Arty A7-35
~ RTL ANALYSIS Board part name: digilentinc.com:arty-a7-35:p
» Open Elaborated Design Board revision: EL
Connectors: No connections
v SYNTHESIS Repository path: ftuu\stlhnWwadut‘ZOIQ.Zt‘dv
P Run Synthesis < b4
> Syntt Tel Con Messages Log  Reports  Design Runs  x 2 00
=z | a o,
~ IMPLEMENTATION alz ¢ + 1%
> Name Constraints  Status WNS  TMS WHS THS TPWS Total Power Failed Routes LUT FF  BRAM UR
Run Implementation
~ synth_1 constrs_1 Mot started
> Openmplemented D impl 1 comstrs 1 Mot started
~ PROGRAM AND DEBUG
Jii Generate Bitstream
» Open Hardware Manager
< b

CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH

There are no implementation results available. 0K to launch synthesis and implementation?
‘Generate Bitstream' will automatically start when synthesis and implementation complates,

[] Don't show this dialog again

Launch Runs

Launch the selected synthesis or implementation runs.

Launch directory:

» =Default Launch Directory= w

Options

) Launch runs on local host: Mumber of jobs: 1 %

() Launch runs on remote hosts

() Launch runs on Cluster

() Generate scripts only

[) Don't show this dialog again

25



Bitfile generation and FPGA configuration (5/7)

« Select Open Hardware Manager, and click OK.
« Click Open Target in the green bar and select Auto Connect.

 Click Program Device and select xc7a35t_O.

a
m HARDWARE MANAGER - unconnected

“|" @ No hardware target is og@n. Open target

Bitstream Generation Completed

] o Bitstream Generation successfully completed.

| Next
Open Implemented Design
| \iew Reports
Generate Memory Configuration File

Don't show this dialog again

£ Auto Connect

Open MNew Target...

K CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH

FOMESH OYHILNIS3ILS W LSagll

v IMPLEMENTATION
P Run Implementation

> Open Implemented Design

v PROGRAM AND DEBUG

Vi Generate Bitstream
~ Open Hardware Manager

Open Target

Program Device

Add Colfig & xc7a35t0 Y

Tcl Console x Messages

Q

= s I B ®E

open_hw_target

INFO: [Labtoolstcl 44-468] 0
current_hw_device [get_hw_de
refresh_hw_device -update_hw
INFD: [Labtools 27-2302] Dev
<
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Bitfile generation and FPGA configuration (6/7)

\
* InProgram Device window, select m_main.bit in project_1.runs/impl_1 \
directory (please use the default setting).

 Click Program.
« Well done! Your FPGA board will be running.

Program Device »

Select a bitstream programming file and download it to your hardware device. You
can optionally select a debug probes file that corresponds to the debug cores ‘
contained in the bitstream programming file.

Bitstream file: ymeftu_kise/cld/project_1/project_l.runs/impl_l/m_main.bit| E
Debug probes file: IZ'

[+/| Enable end of startup check

?) Program Cancel
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Bitfile generation and FPGA configuration (7/7)

\
+ Double click XADC (System Monitor) \
* Clock OK in New Dashboard window

* You can see the temperature of the FPGA chip

@ There are no debug cores. Program device Refresh device New Dashboard x | dashboard 1
| Specify the name and contents for a new ‘ XADC (xc7a35t_0)
! dashboard. @
Hardware . £+ @ a
- e 1 gl [y 34.8°C
em| N
Q = - 'n' 4 Name: |dashboard_1 | - i
Wi | g
=]
Name Status b Contents £
1)
« [ localhost (1) Connected 2 Q = = °
[=1)
v e xilink_tcf/Digilent/210319AEL! Open o v ) %7235t 0
= e | V) XADC (System Monitor) =
PN e ) o
w {ah xc7a35t 0 (1) Programmeg @ ]' <
o
- s} 5
(' XADC (System Monitor) < | 3
i 8
O £
2
£ >

10:22:30 10:22:45 10:23:00
Time (HH:MM:5S)

) @9- ZZETH, TFPGAZOL I4F¥al—1ard 570 REEHETS. |
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VIOZ R

WNTCTFPGAD ENEZ) E—FTHEEE

(1/6)

* Click X and click OK in Confirm Close window to close
HARDWARE MANAGER.

 Click IP Catalog, and type vio in Search area to use VIO
Virtual Input/Output)

Type vio

/

Eile  Edit

Flow Tools Reparts

T

Add Sources -
Language Templates

<F P catalog

~ IP INTEGRATOR
Create Block Design

Open Block Design

Generate Block Design

~ SIMULATION

Run Simulation

v RTL ANALYSIS
> Open Elaborated Design

v SYNTHESIS
P Run Synthesis

> Open Synthesized Design

~ IMPLEMENTATION
» Run Implementation

> Open Implemented Design

~ PROGRAM AND DEBUG
¥ Generate Bitstream
~ Open Hardware Manager
Open Target
Program Device

Add Configuration Memory Dey
v

project_1 - [/home/tu_kise/cld/project_1/project_1.xpr] - Vivado 2019.2

Window
& X »

HARDWARE MANAGER - ocalhost/xilink_tcffDigilent/210319AE1 9654

Layout View  Help

Dashboard «

@ There are no debug cores. Program device Refresh device

Hardware hw_ila 1

Q = = o Waveform - hw_ila_1
Name Status

v I localhost (1) Connected

~ ¢ xilin_tchiDigilent/210319AE1¢ Open

Dashboard Options

write_bitstream Complete

Default Layout

x

v

@ xc7a35t_0(1) Programmec

XADC (System Monitor)
< >
Properties

-]
Settings Stat Trigger S x Capture Se

ct an object to see propertie ontent
Tcl Console
Q T 2 1 B E@

PROBES.FILE {} [get_hw ¢
¥ FULL_PROBES.FILE {} [get_|
y PROGRAM. FILE {/home /tu_ki

ran_hw_devices [get_hw_devices xc7a3St_o]
[Labtools 27-3164] End of startup statu:
refresh_hw_device [lindex devices xc7a35t 0] 0]

t_hw_d x
[Labtools 27-1434] Device xc7a35t (JTAG device index = @) is programmed with a design that has no supported deb
v

2

Eile  Edit

Flow Tools

>

Add Sources
Language Templates

<F |P Catalog

v IP INTEGRATOR
Create Block Design

Open Block Design

Generate Block Design

v SIMULATION

Run simulation

v RTL ANALYSIS

> Open Elaborated Design

v SYNTHESIS
P Run Synthesis

> Open Synthesized Design

v IMPLEMENTATION
P Run Implementation

5> Open Implemented Design

~ PROGRAM AND DEBUG
1 Generate Bitstream
~ Open Hardware Manager
Open Target

Program De:

Reports

y Des
|

project_1 - [/home/tu_kise/cld/project_1/project_1.xpr] - Vivado 2019.2

Window  Layout Wiew Help

® Z

PROJECT MANAGER - project_1

Sources

QT z + o

= Design Sources (1)

® = m_main (c
= Constraints (1)
= constrs_1 (1)
[ mainllxdc
= Simulation Sources (1)
» o osim_1 (1)

X

write_bitstream Complete  +/

Default Layout ~

~ © Vivado Repository -

> Alliance Partners

Cores | Interfages

IP Catalog

v 5> = Audio Connectivity & Processing
Hierarchy | Libraries e O > = Automotive & Industrial
> AXI Infrastructure
Properties > - AXIS Infrastructure
o > BaselP o
< b
Details
t an IP or Interface or Repository to see
letail
Design Runs
a = = + %
Name Constraints ~ Status WNS TNS WHS THS TPWS Total Power Failed Routes LUT
v o/ synth 1  constrs_1  synth_design Complete! 13
+ impll  constrs_1 write_bitstream Complete! 5,765 0.00C 0.259 0.00C 0.000 0.059 0 13
< >

CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH
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VIOZHW\TFPGAD ENEZ ) E—THESE (2/6)

« Double click VIO (Virtual Input/Output).
« In VIO window, set 4 for Input Probe Count, set O for Output Probe

Count, and click OK.

 Click Generate, and click OK if asked in Gener'a‘l'e Output Products

window.

Cores | Interfaces
Ql = & [B @ 4 @ o

Search: Q- vio

Name
w Wivado Repository
W Debug & Werification
W Debu

Project Summary x|IPCatalog x 2 0O

(1 match)

Al

C VIO (Virtual Input/Output) )

£
Details
MName: VIO (Virtual Input/Output)
Version: 3.0 (Rew. 18)
Description: The Virtual Input/Qutput (V10) core

is a customizable core that can
both monitor and drive internal

hd

uuuuuuuuu

| Customize IP X |
‘ VIO (Virtual Input/Output) (3.0) ' |
© pocumen tation IP Location C Switch to Defaults
Show disabled perts Component Name o

[To configure more than 64 probe ports use Vivado Tcl Console ] |

PROBE_OUT Ports(0..0) |

Input Probe Count |4

Output Probe Count I:l [0 - 258

+| Enable Input Probe Activity Detectors

9
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VIOZ R

WNTCTFPGAD ENEZ) E—FTHEEE

You see vio_0 in your Design Sources
Double click m_main to edit code057.v.
15T B DA NT O NERYBRE (// ZHIFRT 5)

project_1 - [/home/tu_kise/cld/project_1/project_l1.xpr] - Vivado 2019.2

(3/6)

Ctrl + s TIREFT %,

x

File  Edit Flow Tools Reports
=, = X >
Flow Navigator = 20—

Add Sources
Language Templates

¥ IP catalog

v IP INTEGRATOR
Create Block Design

Open Block Design

ock Design

<

SIMULATION

Run Simulation

<

RTL AMALYSIS
> Open Elaborated Design

<

SYNTHESIS
P Run Synthesis

> Open Synthesized Design

<

IMPLEMEMNTATIOM
P Run Implementation

> Open Implemented Design

v PROGRAM AND DEBUG
¥ Generate Bitstream
~ Open Hardware Manager

Open Target

window  Layout Wiew Help Q- Quick Acce
& ¥
PROJECT MANAGER - project_L
Sources ? 00X
a ¢ + o
~ = Design Sources (2] ~

® =~ m_main (cndeDS? v)

> FE vio_0
v Constraints (1)
~ . constrs_1 (1)

" mainll.xdc
~ = Simulation Sources (2) ]
Hierarchy IF Sources Libraries Compile Order
Source File Properties ?_00 X
® code057.v - o
= ~
[v| Enabled
Location: thome/tu_kise/cld/project_1
Type: Werilog IZ‘
| Gorery: _ WIRGRMRAENDY | v
General Properties
Tcl Console | Messages |Log | Reports | Design Runs x
Q = ¢ + %
Name Constraints ~ Status WNS
w «f synth_1 (active) constrs_1  Synthesis Out-of-date
4 impl_1 constrs_1 Implementation Out-of-date 5.765

> Out-of-Context Module Runs

Synthesis and Implementation Out-of-date  «f

Default Layout

IP Catalog x code0S57.v x

Jhomejtu_kise/cld/project_1/code0S7 v

X B B X

mndu'le n_main (w_clk, w_led);
input wire w_clk;
output wire [3:0] w_led;
req r_out
reg [31:0] r_cnt
always@(posedge w_ c'lk) begin

l]:

r_out == (r_cnt==0) ? ~r_out :
end

r_cnt <= (r_cnt==99999999) ? @ :

? IP Catalog x code057.v = = 2?2000

v (=] [ fhomeftu_kise/cldfproject_1/code057.v X

: >
I/

~l

module m_main (w_clk, w_led):
input wire w_clk;

output wire [3:0] w_led:;

r_t
r o regq r_out =0;
reg [31:0] r_cnt = 0;

always@(posedge w_clk) begin

r_cnt <= (r_cnt==89999339) ? 0 : r_«
r_out <= (r_cnt==0) ? ~r_out : r_ou
end
assign w_led = {r_out, r_out, r_out, |
vio_0 vio_00(w_clk, w_led[3], w_led[2
7 i endmodule
2 _0@
TNS WHS  THS TPWS Total Power Failed R
0.000 0,258 0.000 0.000 0.059
>
4:1 Insert Werilog
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VIOZHW\TFPGAD ENEZ ) E—THESE (4/6)

\

 Click Generate Bitstream, click Yes, click OK, and wait about three minutes.
« Select Open Hardware Manager, and click OK.
 Click Open Target in the green bar and select Auto Connect.
 Click Program Device and select xc7a35t_0.

Bitstream Generation Completed

] o Bitstream Generation successfully completed.

| Next

() open Implemented Design

[ () wiew Reports
@ Open Hardware Manager

() Generate Memory Configuration File

[} Don't show this dialog again

oL
41
4
HARDWARE MANAGER - unconnected
“| @ No hardware target is ogén. Open target
£ Auto Connect

g

Open MNew Target...

Add Coffig i
K CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH

AOWESI AYTILNIS LS W LSy

v IMPLEMENTATICN
P Run Implementation

» Open Implemented Design

v PROGRAM AND DEBUG

Vi Generate Bitstream
~ Open Hardware Manager

Open Target

Frogram Device

HC7a35t 0 L

Tcl Console x Messages

Qa = £ I B ®E

open_hw_target

INFO: [Labtoolstcl 44-468] O
. current_hw_device [get_hw_de
- refresh_hw device -update hw
: INFO: [Labtools 27-2302] Dewv

L4
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VIOZ AW TFPGAD ENEZ)E—THESE (5/6)

« InProgram Device window, Bitstream file and Debug probes file will b
set automatically.

« Click Program and configure FPGA.

Program Device x |

Select a bitstream programming file and download it to your hardware device. You
can optionally select a debug probes file that corresponds to the debug cores '
contained in the bitstream programming file,

Bitstream file: ymeftu_kisefcld/project_1/project_1.runsfimpl_1/m_main, bit| ||I| |

Debug probes file: ymeftu_kisefcldiproject_1/project_1.runsfimpl_1/m_main.|tx III

[+ Enable end of startup chedk

e~
\2) Brogram Cancel

BEIRICVIOZED T/ \wHZFIET B51-8bDDebug probes filehIgEEShB.

K CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH
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VIOZHWTFPGAD ENEZ ) E—THESE (6/6)

A
. Cllck + button in hw_vio_1 window. Select w_led_OBUF[0:0] by clicking it. Then

Add Probes X Add Probes X code0s7.v x| dashboard 1 200
deos7.y  x dashbn*u x 200
T s o s o ;
hw_vio_1 ? - 0OX hw_vio_ ? _0X
] Search: @ rch: | w
;)- @ g E o
14) Probes for hw_vio_1 (2] B
‘5 Probes for hw vio 1 (4] e w.vie. e &1 | Namg Value Activity Direction VIO
E ~ 3E hw_vio_1 ~ 3E hw _vio_1 e w led OBUF[0:0]  [B] O s Input hw_vio_1
8 w_led_OBUF_1[3:3] o .
2 w_led_OBUF_3[1:1] [B] O 3 Input hw_vio_1
led_oB : H & .
W led OBUF 122) g w_led_OBUF_2[2:2] [B] O 3 Input hw_vio_1
w_led_OBUF_3[L11] w_led_OBUF_1[3:3] [B]O 3 Input hw_vio_1

&7 | s o !
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Virtual Input/Output (VIO)
« Virtual Input/Output (VIO) [CDOWTRDEHESIRT S L.

* FPGA £ -EFRTA=OICIP 7% E->THED
* https://www.acri.c.titech.ac.jp/wordpress/archives/40

?ﬂ ACRi

FPGA 24 - &EAT2:HICIP A7 2E->THES (1)

92020.05.10 @
HIBIATAICLHBIE, D | FPGAZ b5 ¢ EBTA-OICIPaT7%2E-sTHED] O —-XTlE, £&5E%&E
— N A Ba £ 211 A : N 2 £ Z 4 kA (= A EE ST A £ (= pone-p, e
CLTFPGA2FE->TEBHNR T 7V r— 3 2RE45-DICHEBEFAXRAIP A70FECAZENLTVWES
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Code(0b7.v

« w_clk [ 100MHz ©7BvY9{EE

\

o 32EVRDLIURZ r_cent &, YAV A0D) AT B, 121201, {EHY99,999,999 D
BEICIXOIZRHE LSS, (OFY, IWEICHEEEND)

« 100,000,000 1)L I, IEYEDLIORE r_out DEEXRERT 5.

/**************************************************************************/

/* code@57.v For CSC.T341 CLD Archlab TOKYO TECH */
/**************************************************************************/
module m_main (w_clk, w_led);

input wire w_clk;

output wire [3:0] w_led;

reg r_out = 0;

reg [31:0] r_cnt = 0;

always@(posedge w_clk) begin
r_cnt <= (r_cnt==99999999) ? @ : r_cnt +1;
r_out <= (r_cnt==0) ? ~r_out : r_out;
end
assign w_led = {r_out, r_out, r_out, r_out};
// vio_© vio_@0(w_clk, w_led[3], w_led[2], w_led[1], w_led[@]);

endmodule

™

X =

~

module m_main (w_clk, w_led);
input wire w_clk;

output wire [3:0] w_led;

reg r_out = 0;

reg [31:0] r_cnt = 0;

always@(posedge w_clk) begin
r_cnt <= (r_cnt==99999999) ? @ : r_cnt +1;
r_out <= (r_cnt==0) ? ~r_out : r_out;

end

assign w_led[0]

r_out;
assign w_led[1] = r_out;
assign w_led[2] = r_out;
assign w_led[3] = r_out;
// vio_© vio 00(w_clk, w_led[3], w_led[2], w_led[1], w_led[0O]);

endmodule

EvkEsE { } ZHWV-EDO—FE, EVMEIZER assign 9508 N0Da—RIEEH (.
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8 2 :Code0b7.v

100MHz 3\%

« 100,000,000 12L& (1) I

1IKHz /0y 7{&513 1,000 Hz £FEL.
1KByte M AEYIE 1024 Byte £FIL.

IMHz @~ B8vy2{§&I13% 1000 x 1000 = 1,000,000 Hz &F]C.
IMByte M AEYI(X 1024 x 1024 = 1,048,576 Byte &L[FIL.

100MHz O~ ovy2{ES14 100 x 1000 x 1000 = 100,000,000
Hz &[EILC.
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B

\
© Verilog HDL LT, 4€ 27> SOBBERKLT. E)wm&m%i&i
o, 1#®EI(2.0,1,2,3,..,15,0,1,2, .. L4EYFDIENZEILT H/Nv—FDx

P EEET S,

e codeOb7.vEZRMELT.AEYRDITAYV w_led BN1FEIZIA D) ARE
NBEIIBIET S,

 Bitfilez4£ LT, FPGAZaVT4¥al—23r T %,
« VIOZMEL. INERTAEVFDIENAU IV AVNT HIEEMHRT D,

« ELVLEMFZ#HEREL =L, HEDHEHDONWIITAICHERLTHLIL.

Check Polnt 1 (CP1)

K CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH 38



CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH

39



References

Computer Logic Design support page
« https://www.arch.cs.titech.ac.jp/lecture/CLD/

 ACRi Room
« https://gw.acri.c.titech.ac.jp
« ACRi Blog

« https://www.acri.c.titech.ac.jp/wordpress/
- [BEHRIFRIAERE
« http://www.csc.titech.ac.jp/
« Xilinx Vivado Design Suite
* https://japan.xilinx.com/products/design-tools/vivado.html
« Digilent Arty A7-35T
* https://reference.digilentinc.com/reference/programmable-logic/arty-a7/start
« Verilog HDL
« https://ja.wikipedia.org/wiki/Verilog

K CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH

40



